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Welcome to Vancouver!

Thank you for joining us to discuss the latest research driv-
ing cutting-edge advancements in DAS and fiber-sensing
technologies. We're excited to explore the implications for the
future of geosciences through so many different disciplines
and perspectives.

Please be sure to have questions ready to raise after each
session, and join us for demonstrations from our conference
exhibitors on Tuesday and Wednesday night.

Your feedback helps shape our plans for future meetings,
so don't hesitate to share your thoughts on this event with us
or SSA staff members.

A special thank you to our meeting sponsors and to each
of you for helping us make this an engaging and informative
program.

Best,

Zack Spica

Zhongwen Zhan

Conference Co-Chairs

WiFi Information:

o SSID: westin_ CONFERENCE
o Password: ssa24

Congratulations, Travel Grant
Recipients

Each of the recipients below received complimentary registra-
tion to the Photonics Seismology: Lighting the Way Forward
Conference as well as a stipend for travel expenses. SSA is
grateful to our members and friends who gave generously to
the Society’s General Fund that make these grants possible.

o Richard Asirifi, Texas A&M University

« Thomas Luckie, Sandia National Laboratories

o Elisa McGhee, Colorado State University

 Yan Yang, California Institute of Technology

Photonic Seismology: Lighting the Way Forward

Technical Program

The following schedule of events and abstracts are valid as of

6 September 2024. See “Program Changes” handout at the

Registration Desk for changes to the program.

Monday, 7 October
o Registration Open, 4-7:30 pM
o Opening Reception & Posters, 5-6 PM
« Opening Session & Keynote Presentation, 6-7:30 pm

Tuesday, 8 October
o Breakfast & Posters, 7-8:30 AM
o Session: Sensing Technologies and their Latest
Developments, 8:30-10:45 AM
o Coffee Break, 10:45-11:15 aM

o Session: Earthquake Characterization Using Fiber-optic

Cables, 11:15 AM-1:15 PM
o Lunch & Posters, 1:15-3 pMm

« Session: Real-Time Monitoring and Warning with Fiber

Optic Seismology, 3-5 pPMm

o Posters, Reception and Sponsor Demos by ASN, Febus

Optics and Sintela, 5-7 pm

Wednesday, 9 October

o Breakfast & Posters, 7-8:30 AM

o Session: Exploring the Frontier of Environmental
Processes Using Fiber-optic Sensing, 8:30-11:30 aM

o Coffee Break, 11:30 AM—Noon

« Session: Filling the Data Gap: Ocean-bottom Sensing
with Fiber-optic Cables, Noon-1 pm

o Lunch & Posters, 1-3 pm

« Session: Filling the Data Gap: Ocean-bottom Sensing
with Fiber-optic Cables, continued 3-5 pm

o Posters, Reception and Sponsor Demos by AP Sensing,

Aragén Photonics and Silixa, 5-7 pm
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Thursday, 10 October Keynote Presentation

Breakfast & Posters, 7-8:30 AM Mluminating a Decade of DAS and Beyond. Jonathan Ajo-
Session: An Innovative Photonic Vision of Volcanoes Franklin, Rice University

and Geothermal Systems, 8:30-10:45 AM

Coffee Break, 10:45-11 am SSA Code of Conduct

Session: Urban Seismology, 11AM-1 pm SSA is committed to fostering the exchange of scientific ideas
Lunch & Posters, 1-2 pm by providing a safe, productive and welcoming environment
Session: How to Scale, 2-3:30 pm for all SSA-sponsored meeting participants, including attend-
Final Summary Talk & Discussion, 3:30-4 pMm ees, staff, volunteers and vendors. We value the participation
Closing Reception, 4-5:15 M of every member of the community and want all participants

to have an enjoyable and fulfilling experience. Please do your

Technical Sessions part by following the SSA Code of Conduct (seismosoc.org/

meetings/code-of-conduct) throughout the entire conference.

Monday, 7 October, 5-7:30 pm

Audio and Video Recording Policy

Opening Session Introduction Audio and video recording by individuals for personal/social
Zack Spica, University of Michigan; Zhongwen Zhan, media use is allowed only in public spaces throughout the
California Institute of Technology meeting.
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Sensing Technologies and their Latest
Developments

Tuesday, 8 October, 8:30-10:45 AM

Optical fiber communication networks are one of the largest
global infrastructures humans have ever built, providing a
vast web of cables spanning across the globe. Current sensing
modalities under exploration in this context can imply fully
distributed measurements (such as Distributed Acoustic
Sensing, DAS) or end-to-end measurements such as State

of Polarization (SoP) and phase measurements. Distributed
measurements have the advantage of providing an unprece-
dented level of spatiotemporal details, while end-to-end mea-
surements leverage mostly the re-use of data so far discarded
by the optical fiber transceivers. Hybrid schemes involv-

ing, e.g., the use of loop-back channels already available in
fiber-optic repeaters are also currently under exploration. By
gaining more insight and combining these sensing modali-
ties wisely, the possibilities ahead are extremely broad and,

so far, largely unexplored. This session aims to understand
the current progress in fiber-optic measurement technologies
for seismology, from the first principles to the more general
aspects of their application. Submissions are welcome on all
topics related to (1) progress in DAS, SoP, and phase schemes,
including loop-back configurations; (2) novel architectures
enabling compatibility of communications and sensing on the
same infrastructure; (3) prospects of finding new applications
in the edges of current array seismology.

Earthquake Characterization Using Fiber-optic
Cables

Tuesday, 8 October, 11:15 AM-1:15 PM

Photonic seismology has grown into an exciting topic within
observational seismology over the last decade. The flexibility
of how and where a fiber optic cable can be deployed provides
significant opportunities for both novel network designs and
a broad spectrum of short-term and long-term monitoring
applications, addressing temporal and spatial resolution as
well as sensing needs. Despite this growth in interest, we are
still, as a community, trying to understand both what the
current limitations are and how far we can push these limits.
Fundamental differences exist between earthquake records
from fiber optic cables and traditional seismometers. While
the differences in physical measurements require adaptation
to extract meaningful signal characteristics, the continuous
spatial measurements provide new opportunities for novel
signal processing techniques that can take advantage of the
vast quantities of recorded data. The high resolution offered
by optical fiber presents an opportunity to enhance obser-
vations, facilitating a deeper understanding of earthquake
physics. Existing telecom networks have repurposed their
fiber and underwater cables for seismological applications.

These networks have been used to demonstrate the potential
for earthquake-related studies including, earthquake detec-
tion and location, magnitude estimation and stress drop,
focal mechanisms, fault rupture processes, and imaging Earth
structure. In this session, we encourage contributions that
showcase the latest research and technological innovations
that are pushing the frontiers of earthquake characterization
and analysis through fiber optics. We are interested in con-
tributions focused on novel methods, applications, network
designs, and case studies that can enrich our understanding
of earthquake processes and contribute to the evolution of
photonic seismology.

Real-Time Monitoring and Warning with Fiber
Optic Seismology

Tuesday, 8 October, 3-5 PMm

Real-time warning systems that rapidly detect and character-
ize earthquakes are increasingly operational around the world
with the mission to provide accurate forecasts of both dam-
aging shaking and tsunami warnings. These early warning
systems rely on real-time seismic and geodetic data to provide
seconds to minutes of warning. The inherent ability of fiber
optic-based measurements to cover large spatial scales with
instantaneous telemetry of data, including from offshore loca-
tions, provides a key motivation to investigate the potential to
apply these methods to warning systems. In recent years, fiber
optic sensing has rapidly evolved in scale and sophistication,
and much effort is being spent harnessing these improve-
ments for real-time applications. In this session, we welcome
contributions dealing with a variety of topics, including both
scientific and technical aspects of real-time fiber sensing.
Scientific aspects may include real-time demonstrations

and performance assessments of various algorithms, assess-
ment of the limitations and feasibility, combining fiber optics
with traditional sensing technologies, and new approaches

for robust, strong shaking and long-period measurements.
Technical aspects may include real-time data processing strat-
egies, ensuring robust data streams, and developing effective
partnerships with fiber owners and manufacturers of sensing
equipment. Additionally, studies aimed at understanding the
overall costs of system operation, including data manage-
ment, are invited. We encourage forward-looking submissions
that are aimed at identifying ways to make progress toward
improving real-time warning systems through the adoption of
fiber optic-based technologies.

Exploring the Frontier of Environmental Processes
Using Fiber-optic Sensing

Wednesday, 9 October, 8:30-11:30 Am
Fiber-optic sensing offers unique capabilities for captur-
ing high-resolution data across spatial and temporal scales,
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making it particularly valuable for studying dynamic envi-
ronmental systems. This session aims to explore the unprec-
edented opportunities and advancements in monitoring
enabled by Distributed Acoustic Sensing (DAS) and other
fiber sensing technologies, transforming our understand-
ing of environmental processes. We seek contributions from
researchers and practitioners working on cutting-edge appli-
cations of seismological and acoustic fiber optic techniques
that showcase their unique capacities to unravel complex
environmental dynamics of the cryosphere, geosphere,
atmosphere, hydrosphere, and biosphere. Example topics
may include but are not limited to: mass movement (land-
slides, rockfalls, debris flows, lahars); hydrologic processes
(groundwater, open-water waves/tides, floods, turbulence,
sediment transport), cryospheric (avalanches, icequakes,

ice calving/fracture/deformation, glacial hydrology/sliding),
atmospheric and oceanic phenomena (microseisms, weather,
gravity waves); as well as methodological developments
(spatio-temporal imaging, how environmental changes affect
fiber-optic sensing operations and data quality, advances

in logistical techniques for deployments in harsh environ-
ments). Contributors are encouraged to share their research
findings, methodologies, and case studies that showcase the
versatility and potential of fiber-optic sensing in advancing
environmental process monitoring. This session provides a
platform for cross-disciplinary discussions, bringing together
experts from seismology, acoustics, hydroacoustics, fiber

optics, and a wide range of Earth and environmental sciences.

Submit your abstract to be part of this transformative session,
where fiber-optic sensing technologies take center stage in
reshaping our ability to monitor and interpret environmental
seismo-acoustic signals.

Filling the Data Gap: Ocean-bottom Sensing with
Fiber-optic Cables

Wednesday, 9 October, Noon-1 PM & 3-5 PM
Are we at the beginning of a new era for Earth monitoring?
Our ability to monitor our planet has been continuing
to expand over the last several decades, with ever improving
sensing capabilities both on land and from space. In contrast,
the bottom of the oceans remains largely unmonitored to this
day. As the oceans account for 70% of the Earth’s surface, the
lack of permanent ocean-bottom sensors results in a huge
data gap. However, the giant network of optical fiber cables at
the bottom of the oceans, which enabled the digital revolu-
tion over the last 30 years, could now be the key to a new
revolution. By turning seafloor cables into arrays of envi-
ronmental sensors, many research groups around the world
are expanding our monitoring capabilities from land to the
bottom of the oceans. Crucially, this can be achieved without
requiring new seafloor installations. This session will explore
the state of the art in the emerging field of ocean-bottom

fiber-optic sensing, covering a number of science areas, from
seismology to oceanography and acoustics. We invite contri-
butions on optical interferometry, distributed acoustic sens-
ing (DAS), and other techniques that enable short and long-
range sensing over seafloor cables, as well as applications of
ocean-bottom sensing from monitoring offshore earthquakes
and subsurface imaging to detecting marine mammal vocal-
izations and measuring ocean temperature changes. In addi-
tion to the talks, the session will include engaging discussions
on the exciting possibilities, the challenges, and the future
outlook of cable-based ocean-bottom sensing.

An Innovative Photonic Vision of Volcanoes and
Geothermal Systems

Thursday, 10 October, 8:30-10:45 Am

The structure and dynamics of volcanoes and geothermal
systems can benefit from a new vision: fiberoptic sensing.
Fiber-optic sensing single point sensors (such as rotational
sensors and gyroscopes), fiber Bragg arrays, and distributed
fiber-optic sensing have been recently used to improve our
knowledge of the subsurface features and mechanisms driv-
ing the phenomena occurring within volcanic and geother-
mal systems. Whether temperature, strain, or chemical sens-
ing, these new tools help us to highlight unknown structural
features of the complex plumbing systems of the earth, with
a clear reduction of cost for exploration. Monitoring of such
systems is also facilitated as deployment on existing telecom-
munication and dedicated fibers is becoming easier, and

the instruments’ sensitivities are enhanced at both high and
low frequencies. The session aims to provide an innovative
vision of volcanic and geothermal areas with contributions to
the exploration and monitoring of these systems in various
environments, such as boreholes, underwater, and acidic and
high-temperature conditions. We welcome diverse applica-
tions related to volcano/geothermal seismicity and tremor,
related landslides, and volcanic glaciers that employ new
sensing and processing technologies such as machine learn-
ing and artificial intelligence. We aim in particular at attract-
ing contributions on the long-term deformation of volcanoes
or geothermal systems due to magma, gas, and tectonic
processes, as seen with fiber optic and photonic tools to offer
geoscientists a new vision of Earth processes leading to new
knowledge, better resource management, hazard assessment,
as well as for more sustainable energy solutions and risk
mitigation.

Urban Seismology

Thursday, 10 October, 11 AM—-1 PM

More than half the world’s population lives in cities, and an
additional 2.5 billion people are expected to move to cities by
2050. The cities of the future must support thriving human
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communities but also reduce their carbon footprint and be
resilient to the new challenges presented by climate change.
Seismic data can provide invaluable information to achieve
these goals by cost-effective continuous monitoring of the
subsurface, the built environment, and the impact of human
activities. Potential monitoring applications range from
managing geologic hazards and water resources by time-
lapse subsurface imaging and analysis of local and regional
seismicity to cost-effective monitoring of urban infrastruc-
ture such as bridges and tunnels. The potential value of urban
seismology has been recently enhanced by the development
of new acquisition technologies such as autonomous nodes
and fiber optic sensing, which, combined with cloud/edge
computing, enable the creation and management of large-
scale, dense seismic networks. In particular, repurposing
unused fiber-optic telecommunication networks as massive
arrays of seismic sensors enables continuous imaging and
monitoring of the urban subsurface at unprecedented resolu-
tion with minimum effort, providing opportunities for a wide
range of new urban seismic studies. The future realization of
the potential value of leveraging fiber-optics sensing technol-
ogies for urban seismology depends on developing new data
acquisition strategies, processing algorithms, computational
tools, and interpretation workflows. We welcome contribu-
tions on all aspects of using fiber-optic sensing technologies
in urban seismology, ranging from advances in instrumenta-
tion to algorithmic development, modeling studies, and new
field experiments. Applications include, but are not limited
to, characterization and mitigation of geologic hazards, urban
hydrogeophysics, monitoring energy development and stor-
age activities, traffic monitoring, and any other application
contributing to advancing urban resilience and sustainable
development.

How to Scale Up

Thursday, 10 October, 2-3:30 PM

Fiber optic sensing technologies hold immense promise for
advancing geophysical studies. Distributed Acoustic Sensing
(DAS) has demonstrated remarkable capabilities in studying
surface and subsurface processes with unprecedented resolu-
tion and over extended periods, even in challenging environ-
ments. Emerging technologies like phase transmission and
state of polarization (SoP) offer the potential for continental
or oceanwide scale monitoring with continuously improving
data quality. Yet, to fully leverage the potential of fiber sensing
for geophysical applications, several key steps must be taken.
This includes facilitating access to existing fibers and stream-
lining the installation of new fibers in both onshore and
submarine environments. Overcoming challenges in telem-
etry, real-time monitoring, and data transportation is crucial,
as proven by many ongoing efforts underway to address these
obstacles. Additionally, ensuring common standards for meta-
data and providing user-friendly software interfaces are essen-
tial for encouraging broader use and analysis of fiber optic
sensing datasets, especially as they become more accessible to
the public. While advancements in photonics technology have
led to faster algorithms, there is a need to develop techniques
and infrastructure tailored to fully exploit the richness of
fiber optic sensing datasets such as DAS and enable greater
synergy among scientists. As new techniques such as SoP and
projects such as smart cables emerge, it will be important for
the geophysical community to embrace these innovations and
integrate them effectively into existing practices. This session
will feature a series of short talks followed by a panel-style
discussion, exploring these topics, presenting new and emerg-
ing solutions, and addressing open challenges in deploying
fiberoptic sensing technologies to the next level.
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Schedule

Monday, 7 October 2024

4-7:30 pM Registration Open
5-6 PM Opening Reception & Posters
6-7:30 PM Opening Session and Keynote

Presentation: [lluminating a Decade
of DAS and Beyond. Jonathan Ajo-
Franklin.

Tuesday, 8 October 2024

7-8:30 AM

Breakfast & Posters

8:30-9 AMm

9-9:15 AM

9:15-9:30 AM

9:30-9:45 AM

9:45-10 AM

10-10:15 Am

Session: Sensing Technologies and their Latest
Developments

KEYNOTE: Phase Transmission Fiber-
optic Sensing: Theory and Emerging
Technologies. Sebastian Noe.
InvITED: Novel Types of Distributed
Acoustic Sensing (DAS) Systems with
Unconventional Performance. Miguel
Gonzalez-Herraez.

Harnessing Transatlantic Submarine
Cables for Tidal and Strain
Measurements. Meichen Liu.

Comprehensive Evaluation of DAS
Performance: Instrument Response,
Noise Floor, and Amplitude Saturation.
Qiushi Zhai.

Rotation Sensing with Optic Technology.
Heiner Igel.

Rayleigh Scattered Wave Analysis
Techniques in Distributed Optical Fiber
Sensing for Broadband Geophysical
Observation in the Seafloor. Eiichiro
Araki.

11:45 AM-12 PM

12-12:15 pm

12:15-12:30 pMm

12:30-12:45 pm

InvITED: Advancing Earthquake
Characterization with Telecom Fiber
Networks. Jiaxuan Li.

INVITED: 10-m-deep Earthquake Swarms
(Mw -2) Near the Milun Fault in

Hualien, Taiwan, Detected by the MiDAS
Seismic Monitoring System. Yen-Yu Lin.

STUDENT: Exploring Earthquake Source
Characteristics Using Borehole Optical
Fiber Arrays: Insights from the 2022
M6.8 Chihshang, Taiwan, Earthquake.
Jolan Liao.

Accurate Magnitude and Stress Drop
Using the Spectral Ratios Method
Applied to Distributed Acoustic Sensing.
Itzhak Lior.

10:15-10:45 AM Discussion Period

10:45-11:15 aM  Coffee Break

Session: Earthquake Characterization Using
Fiber-optic Cables

11:15-11:45 aAM  KEYNOTE: South Island Seismology at the

Speed of Light Experiment (SISSLE)—
Characterizing the Alpine Fault at
Haast (South Westland, New Zealand).
Meghan S. Miller.

12:45-1:15pm  Discussion Period
1:15-3 pM Lunch Break and Posters
Session: Real-Time Monitoring and Warning

with Fiber Optic Seismology

3-3:30 Pm

3:30-3:45 pm

3:45-4 pMm

4-4:15 pm

4:15-4:30 PMm

KEYNOTE: Assessing Distributed Acoustic
Sensing for Real-time Monitoring and
Earthquake Early Warning (EEW) in

the Southernmost Cascadia Subduction
Zone. Jeffrey McGuire.

INVITED: Low-cost DAS Arrays using
Commercially Owned Fibers and
Interrogators for Continuous Seismic
Monitoring and Early-warning. Itzhak
Lior.

STUDENT: Toward Integration of DAS
Arrays and Traditional Seismic Networks
for Real-Time Earthquake Monitoring
and Early Warning. Yuancong Gou.

Seismic Event Monitoring with DAS in
the Cloud. Marlon D. Ramos.

Distributed Acoustic Sensing of Fiber
Networks for Earthquake Monitoring
and Early Warning Operations. Ettore
Biondi.

4:30-5 pm

Discussion Period

5-7 PM

Reception, Posters and Sponsor Demos
by ASN, Febus Optics and Sintela
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Monday, 7 October and Tuesday, 8
October—Posters

An Innovative Photonic Vision of Volcanoes and
Geothermal Systems
1. STUDENT: Fine Scale Southern California Moho Structure
Uncovered with Distributed Acoustic Sensing. James
Atterholt.
2. STUDENT: Time Varying Crustal Anisotropy at Whakaari/
White Island Volcano. Dagim Y. Mengesha.

Earthquake Characterization Using Fiber-optic
Cables

3. STuDENT: Downhole DAS Array for Microseismic Event
Characterization at FORGE Combining Direct and
Converted Phase Picks from Machine Learning. Richard
Asirifi.

4. Source Parameter Measurement Validation Using DAS
and Seismic Stations. Xiaowei Chen.

5. A Waveform-Based Earthquake Detector for DAS Data.
Sonja Gaviano.

6. STUDENT: Passive Seismology in Urban Environments
Using Distributed Acoustic Sensing in Auckland, New
Zealand. Patrick Hollands.

7. Using DAS and Seismometer Arrays to Analyze Strain for
Explosion Monitoring. Gene A. Ichinose.

8.STUDENT: Resolving Asperity- and Barrier-like Fault
Heterogeneity by Back-Projection of High-Frequency
Signals. Taeho Kim.

9.STUDENT: Unmasking Traffic Noise: Unsupervised
Denoising for Distributed Acoustic Sensing (DAS) Data.
Sebastian Konietzny.

10. Detection of Cement Grouting Induced Events in
Continuous Downhole Distributed Acoustic Sensing
Data using Machine Learning. Chin-Shang Ku.

11. Shallow Imaging of the Alpine Fault Zone, New Zealand
Using Distributed Acoustic Sensing (DAS). Voon Hui Lai.

12. Construction of Horizontal Strain Array from DAS
Sensor. Chin-Jen Lin.

13. Distributed Acoustic Sensing Data Denoising with Deep
Learning. Jiun-Ting Lin.

14. STUDENT: PYROS: A Python Framework for Modeling
DAS Data. Davide Pecci.

15. Evaluation of Passive Source DAS Methods on the Source
Physics Experiment Phase II. Robert Porritt.

16. STUDENT: Numerical Investigations of the Potential of
Joint Source-Structural Full Waveform Inversion (FWT)
Using DAS Arrays. Eyal Shimony.

17.Downhole DAS for Induced Seismicity and Reservoir
Monitoring in the Groningen Gas Field. Anna L. Stork.

Real-Time Monitoring and Warning with Fiber

Optic Seismology

18. Earthquake Location With Distributed Acoustic Sensing
(DAS) Using Beamforming and Phase Arrival Time
Differences. Shahar Ben-Zeev.

19. Developing Local to Near-regional Distance Explosion
Monitoring Capabilities Using Distributed Acoustic
Sensing (DAS). Brent G. Delbridge.

20. Machine-Learning Based Techniques Enabling Real-
time Monitoring of Induced Seismicity in Offshore CO2
Sequestration Sites. Stuart Farris.

21.Integrating DAS Seismic Data into the National
Earthquake Monitoring at the Swiss Seismological
Service. Frederick Massin.

22. Toward Automatic Avalanche Detection With Distributed-
Acoustic-Sensing,  Leveraging  Telecommunication

Infrastructure. Frederick Massin.

23. Assessing Distributed Acoustic Sensing Strain-Rate
Waveform Statistics for Improving Earthquake Early
Warning. Theresa M. Sawi.

24. Utility of Distributed Acoustic Sensing for Locating Seismic
Events Over Multiple Distance Ranges. Clifford Thurber.

25. STUDENT: Real-Time Monitoring of Centrifuge Operational
Status and its Impact on Surrounding Structures Using
Distributed Acoustic Sensing (DAS). Peng Wu.

Sensing Technologies and their Latest
Developments
27.STUDENT:
Comparative Study of DAS, Strainmeter, and Seismic
Data. Chih-Chieh Chien.
28.Monitoring Blasting Operations at the Sanford
Underground Research Facility (SURF) Using a Three-
dimensional Distributed Acoustic Sensing (DAS) Array.
Dante Fratta.
29.STUDENT: Quaternion Processing of 3C Rotational
Motion Based on FOGs. Yifan Jian.
30.Ocean Space Surveillance Using Distributed Acoustic
Sensing on Submarine Networks. Jan Petter Morten.
31. STUDENT: Full-Waveform Inversion with Distributed and
Integrated Strain Sensing for Complex Cable Geometries.

Calibrating ~ Strain ~ Measurements: A

Sebastian Noe.

32. Monitoring of Seismic Surface Waves in Trackside Dark
Fibers Using High-Fidelity Distributed Acoustic Sensing.
Javier Preciado-Garbayo.

33.Comparison of DAS Recordings With a Calibrated
Underground Strain Meter Array. Andreas Rietbrock.

34. Amplitude Calibration for Distributed Acoustic Sensing.
Christian Stanciu.

35.The Potential of DAS to Detect Long-Period Signals.
Shun (Shane) Zhang.

36. STUDENT: Distributed Acoustic Sensing (DAS) Calibration
in a Laboratory Wellbore System. Zhi Yuan.
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Wednesday, 9 October 2024

7-8:30 AM

Breakfast & Posters

Session: Exploring the Frontier of
Environmental Processes using Fiber-optic

Sensing
8:30-9 aMm

9-9:15 AM

9:15-9:30 AM

9:30-9:45 AM

9:45-10 AM

KeyNoTE: Fluvial Monitoring with
Distributed Acoustic Sensing. Danica L.
Roth.

InvITED: Fiber Optic for Environment
Sensing (FORESEEx): Examples from
Urban and Arctic Arrays. Tieyuan Zhu.

INVITED: STUDENT: Enhancing
Hydrological Monitoring with Fiber-
Optic Sensing. Yan Yang.

STUDENT: Evaluating Strain and
Temperature Variations with Low
Frequency Distributed Acoustic Sensing.
Susanne Ouellet.

Exploiting DAS Records Directly for
Source and Structural Properties -
Examples from the Greenland Ice Sheet.
Brian L. N. Kennett.

10-10:30 AM

Break

10:30-10:45 AM

STUDENT: Monitoring Groundwater
Dynamics in the Lyon Water Catchment
using DAS combined with Ambient
Noise Interferometry. Destin Nziengui
Ba.

10:45-11 aM Multiplexed Distributed Acoustic
Sensing at the Ocean Observatory
Initiative Regional Cabled Array. Bradley
P. Lipovsky.

11-11:30 aM Discussion Period

11:30 AM-12 PM

Coffee Break

Session: Filling the Data Gap: Ocean-bottom
Sensing with Fiber-optic Cables

12-12:30 pm

12:30-12:45 pM

KEYNOTE: Science with Transoceanic
Seafloor Cables. Giuseppe Marra.

INVITED: Spatio-temporal Observations
of Nonlinear Wave-wave and Wave-
current Interaction with DAS. Ethan E.
Williams.

12:45-1 pMm InviTED: DAS Observation for High-
frequency Tsunamis Excited Near
Torishima Island, Japan. Takashi
Tonegawa.
1-3pm Lunch Break and Posters
8
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3-3:15pr™m

3:15-3:30 PM

3:30-3:45 pm

3:45-4 pMm

4-4:15 p™m

Imaging the Near-surface Structure and
Monitoring the Microseismicity Around
the Changdao Earthquake Swarm Area
with Distributed Acoustic Sensing.
Baoshan Wang.

Exploring the Potential of Distributed
Acoustic Sensing in Ocean Acoustics.
Shima Abadi.

Results from an Optical Fiber Seafloor
Strainmeter. Mark Zumberge.

Distributed Optical Fiber Sensing over
Multi-Span Subsea Telecom Cables with
Active Amplification. Mikael Mazur.

Observing Seafloor Processes by
Distributed Fiber Optic Sensing Using
an Academic Cable Offshore Catania
Sicily (Italy) and a Commercial Telecom
Network in the Guadeloupe Archipelago
(Lesser Antilles). Marc-Andre Gutscher.

4:15-5p™m

Discussion Period

5-7 PM

Reception, Posters and Sponsor Demos by
AP Sensing, Aragon Photonics and Silixa

Thursday, 10 October 2024

7-8:30 AM

Breakfast & Posters

8:30-9 AM

9-9:15 AM

9:15-9:30 AM

9:30-9:45 AM

9:45-10 AM

Session: An Innovative Photonic Vision of
Volcanoes and Geothermal Systems

KeyNoTE: Fibre Optic Sensing for
Innovative Imaging and Monitoring
of Geothermal and Volcanic Systems.
Philippe Jousset.

INVITED: A New Imaging Standard for
Volcanic Systems Through Fiber Sensing
and Novel Processing Algorithms. Ettore
Biondi.

INVITED: STUDENT: Fibre-Optic
Seismology on Remote, Subglacial,
Submarine and Actively-Erupting
Volcanoes. Sara Klaasen.

Imaging Magma Flow Migration
Through a Dike Using Low-frequency
DAS Measurements. Jiaxuan Li.
Using Low-frequency DAS Signals

for Early Warning During the
Sundhnuiksgigur, Iceland, Eruptions in
2024. Vala Hjorleifsdottir.
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10-10:15 AMm

STUDENT: Seismic Velocity Changes
Associated with the 2023-2024 Eruption
Sequence on the Reykjanes Peninsula.

Elijah Bird.
10:15-10:45 AM Discussion Period
10:45-11 AM Coffee Break

Session: Urban Seismology

11-11:30 AM

11:30-11:45 AM

11:45 AM-12 PMm

12-12:15 pMm

12:15-12:30 pMm

KEYNOTE: Large-scale Monitoring of
Urban Environments by Fiber-optic
Seismology: Lessons from Eight Years
of the Stanford DAS Project. Biondo L.
Biondi.

INVITED: Optimizing DAS Ambient
Seismic Noise Interferometry
Workflows for Efficient, High-resolution
Investigation of the Urban Subsurface.
Veroénica Rodriguez Tribaldos.

Building Health Monitoring Using
Ambient Noise Interferometry Across
Multistory DAS Arrays. Chen Gu.

STUDENT: Data Augmentation
Techniques to Improve Automatic
Detection in DAS Records. Alfonso
Ortiz-Avila.

StUDENT: Fiber Optic Seismology

in Densely Populated Urban Areas
Exposed to Seismic Hazard. Krystyna T.
Smolinski.

12:30-1 p™m

Discussion Period

1-2 pm

Lunch break and Posters

Session: How to Scale Up

2-3:30 PM

Panel Discussion consisting of the
following panelists: Zack Spica
(University of Michigan), Eileen Martin
(Colorado School of Mines), Voon Hui
Lai (Australian National University),
Allen Husker (California Institute of
Technology), Connie Stewart (California
State Polytechnic University, Humboldt),
Benoit Pirenne (Ocean Networks
Canada).

3:30-4 M

Final Summary and Discussion Period

4-5:15 p™m

Closing Reception

Wednesday, 9 October and Thursday, 10
October—Posters

Exploring the Frontier of Environmental Processes
using Fiber-optic Sensing

1. What Does free-floating fiber in a River Record? Insights
from a DAS Deployment in Clear-Creek Colorado.
Maximiliano J. Bezada.

2.Using Co-Located DAS and Nodal Data to Interpret
Flow Hydraulics and Sediment Transport During Flume
Experiments. Susan Bilek.

3.Detection of an Artificial Meteoroid Via Distributed
Acoustic Sensing. Carly M. Donahue.

4. Forecasting Coastal Cliff Collapse Using Distributed
Sensing. Jessica H. Johnson.

5. STUDENT: Automatic Monitoring of Rock-Slope Failures
Using Distributed Acoustic Sensing and Semi-Supervised
Learning. Jiahui Kang.

6. STUDENT:
Hypersonic Object Detection: Insights from a Fiber Optic
Cable Deployment. Elisa A. McGhee.

7.Local Variations in Microseisms Recorded off the Coast
of Sicily. Florian Le Pape.

8. STUDENT: Looking into a Disappearing Glacier: An Active

Characterizing Environmental Noise in

Source DAS Experiment on Langjokull Ice Cap. Auden
M. Reid-McLaughlin.
9. STUDENT: DAS Observations of Ice-Wedge Cracking in

Utqiagvik, Alaska. Gabriel Fernando Rocha dos Santos.

10. Correlation of DAS Strain Data and Oceanographic
Variables in the North-East Atlantic. David Schaphorst.

11. Distributed Acoustic Sensing of Debris Flow Dynamics at
Illgraben, Switzerland. Christoph Wetter.

12. Fiber-optic Observations of Wind-induced Gravity Waves
in Lake Ontario. Chu-Fang Yang.

13.Long-Term Analysis of Cryoseismic Events and
Earthquakes at the South Pole Using Distributed Acoustic
Sensing. Qiushi Zhai.

Filling the Data Gap: Ocean-bottom Sensing with
Fiber-optic Cables

14. STUDENT: How Cable Architecture Influences Distributed
Fiber Optic Sensing Along a Submarine Cable Offshore
Catania. Giuseppe Cappelli.

15. Application of Distributed Acoustic Sensing for Fin Whale
Calls Detection and Localization. Quentin Goestchel.

16. STUDENT: SeaFOAM : A Permanent Offshore DAS
Deployment in Monterey Bay, California. Yuancong
Gou.

17. Feasibility Study: Integrating Fiber Optic Sensing into
the NEPTUNE Cabled Observatory for Enhanced Ocean
Monitoring and Earthquake Early Warning. Martin
Heesemann.

Photonic Seismology: Lighting the Way Forward ~ Seismological Society of America 7-10 October 2024| Vancouver,BC | 9



18. Potential and Challenges in Body Wave Travel Imaging
From an Offshore Telecommunication Fiber in Southern
Alaska. Walid Ben Mansour.

19. Trans-dimensional Inversion of Multi-mode Dispersion
Curves From Ocean Bottom Distributed Acoustic
Sensing. Walid Ben Mansour.

20.STupENT: Wavefield Reconstruction of Distributed
Acoustic Sensing: Compression, Wavefield Separation,
and Edge Computing. Yiyu Ni.

21.Denoising Offshore Distributed Acoustic Sensing
Using Masked Auto-encoders to Enhance Earthquake
Detection. Qibin Shi.

22. Mapping Ocean Surface Gravity Waves in the Coastal
Ocean with Distributed Acoustic Sensing from Seafloor
Fiber Optic Cables. Madison M. Smith.

23. STUDENT: Imaging with
Distributed Acoustic Sensing and Double Beamforming.
Zack Spica.

24. Event Detection Threshold on Submarine Fiber Optic in
the Arctic. Christian Stanciu.

25. Advanced Monitoring Techniques for Mitigating Induced
Seismicity in Offshore Subsurface Energy Projects: A
Case Study from the CASTOR Gas Storage Site. Arantza
Ugalde.

26. Mining Ocean Bottom Distributed Acoustic Sensing data
with 2D Scattering Network. Loic Viens.

27.DeepDAS: Earthquake Phase Picker from Submarine
Distributed Acoustic Sensing Data. Han Xiao.

Near-coast  Subsurface

How to Scale Up

28. DAS Fiber Optics in Brazil, Why We Are Not Using It Yet.
George Sand Franca.

29. Enabling Accessto DAS Earthquake Data with FiberSense’s
DigitalSeismic Platform. Nathaniel J. Lindsey.

30. STUDENT: Lossless and Lossy Compression for Distributed
Acoustic Sensing Using Inter-channel Predictions. Aleix
Segui.

31. Developing Standards and Building Capacity for Photonic
Seismology Data. Chad Trabant.

Urban Seismology

32. A Corpus of Signals From a 12-month DAS Experiment
at Southern Methodist University. Stephen Arrowsmith.

33. STUDENT: Velocity
Structure and Site Responses at the MIT Campus Using
Telecommunication Dark Fibers with DAS. Hilary
Chang.

34.Detection and Location of Operational Activity at
the Sanford Underground Research Facility. Erin
Cunningham.

35. STUDENT: Urban Seismic Monitoring on Spatiotemporal
Relative Velocity Changes with Seismic Interferometry
and Distributed Acoustic Sensing. Yang Li.

36. Spatiotemporal Models of Pedestrians and Vehicles Using
Machine Learning and Back-projection. Thomas Luckie.

37. Assessing Impact of Preprocessing Techniques for DAS
Ambient Noise Survey in Urban Environments. Nathan
Maier.

38. STUDENT: Characterizing Low-yield Mining Blasts Using
Distributed Acoustic Sensing (DAS). Joseph J. Miller.
39.STUDENT: On the Spatial Subsurface Localization of

Seismic Velocity Changes in Mexico City Using DAS.

Characterizing ~ Near-surface

Valente Ramos-Avila.

40.STUDENT: Imaging the Urban Subsurface Using
Thunderquakes. Nolan Roth.

41. Addressing  Challenges of Accurately Measuring
Earthquake Ground Motions Using Commercial Dark
Fiber in an Urban Environment. Jyoti Sharma.

42. Innovative Applications of Distributed Acoustic Sensing
in Railway Monitoring. Lena Urmantseva.

43. STUDENT: Deep Learning Models Applied to Localization
of Mexico City Microseismicity Recorded with DAS.
Kevin A. Vargas.

44. Detecting Potential Sinkholes Using Distributed Acoustic
Sensing Array. Zhinong Wang.

45. STUDENT: Physics-Informed Deep Learning for Bridge
Displacement Estimation Using DAS Data. Yichen
Zhong.
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Oral Presentation Abstracts

Presenting author is in bold.

Opening Session and Keynote Presentation
Oral Session « Monday 7 October « 06:00 M Local

Illuminating a Decade of DAS and Beyond
AJO-FRANKLIN, J., Rice University, Texas, USA, ja62@rice.edu

During the last decade (2014-2024), distributed acoustic sensing (DAS) has
emerged from categorization as a niche technology, utilized primarily for ver-
tical seismic profiling, to a broadly available seismological tool deployed at
length scales from local to continental. This transformation has been enabled
by improvements in interrogator technologies, creative optimization and
exploitation of fiber optic cables in diverse environments, and, most recently,
aggressive adoption of edge and cloud computational frameworks to man-
age the vast resulting datasets. In addition to these technological improve-
ments, the DAS community has made a concerted effort to understand exactly
which geophysical problems benefit from the high spatio-temporal resolution
afforded by DAS acquisition and which parts of our seismic processing tool-
box can be easily ported to this new data stream. In parallel, the growing avail-
ability of widely distributed DAS datasets has allowed researchers to uncover
a surprising abundance of unexpected signals of scientific importance; exam-
ples include tidal and thermal signals of relevance to oceanography, both
marine and terrestrial bioacoustic signatures, and in-situ indicators of ice
sheet dynamics. Given these successes, related optical technologies are now
being explored to expand photonic seismology beyond what DAS has tradi-
tionally provided, adding different physical measurands, detecting seismic
events across even greater spatial domains, and further leveraging the next
generation of telecommunication networks as a sensing fabric. In this presen-
tation, I hope to provide a brief high-level overview of this decade of progress
using examples taken from the many outstanding researchers pushing DAS
forward in seismology and the geosciences more broadly. I will conclude with
a summary of several technological frontiers that may (or may not!) allow for
exciting advances in the decade to come.

Sensing Technologies and their Latest Developments
Oral Session « Tuesday 8 October « 08:30 AM Local

Phase Transmission Fiber-optic Sensing: Theory and
Emerging Technologies

FICHTNER, A., ETH Zurich, Zurich, Switzerland, andreas.fichtner@erdw.
ethz.ch; NOE, S., ETH Zurich, Zurich, Switzerland,
sebastian.noe@erdw.ethz.ch;

As DAS matures into a standard ingredient of the seismological toolbox, other
fiber-optic sensing technologies are emerging to fill remaining application
niches. A particularly promising class of technologies, characterized by low
cost and long reach, is based on measurements of deformation-induced phase
changes of forward transmitted laser signals.

The first part of this presentation is focused on the relation between the
deformation that we wish to infer and optical phase changes that we can mea-
sure. We demonstrate that measurement sensitivity is proportional to local
fiber curvature. Strongly curved fiber segments make large contributions to
the measurement, meaning that a cable layout that produces a sequence of
high-curvature segments may effectively mimic a distributed seismometer
array. Conversely, perfectly straight fiber segments make no contribution to
the measurement. The application of adjoint techniques to simulated phase
transmission data produces sensitivity kernels with respect to earthquake
source parameters and Earth structure, thereby paving the way towards an
incorporation of such data into seismic inverse problems.

The second part is concerned with the presentation of two technologies
that operate on long telecommunication fibers and produce measurements
of earthquake-induced deformation: [1] Microwave-frequency fiber interfer-
ometry (MFFI), employs microwave-modulated continuous laser signals in a
closed-loop configuration. The system is portable and low-cost (<10 kUSD),
thereby enabling the installation of multiple systems to improve coverage. In
field tests performed in Athens (urban) and the Greek island of Cephalonia
(submarine), the MFFI system has demonstrated its ability to detect local

Photonic Seismology: Lighting the Way Forward Seismological Society of America

events with magnitudes around 0. [2] Active phase noise cancellation (PCN)
in metrological frequency dissemination produces earthquake recordings as a
by-product in the form of a correction anti-frequency. Using a 123 km fiber
loop between Bern and Basel, we show that PCN cannot only detect regional
earthquakes but also constrain their moment tensor.

Novel Types of Distributed Acoustic Sensing (DAS) Systems
with Unconventional Performance

GONZALEZ-HERRAEZ, M., Universidad de Alcala, Alcala de Henares,
Spain, miguel.gonzalezh@uah.es; SORIANO-AMAT, M., Universidad de
Alcala, Alcala de Henares, Spain, miguel.soriano@uah.es; FERNANDEZ-
RUIZ, M. R., Universidad de Alcala, Alcala de Henares, Spain, rosario.
fernandezr@uah.es; ESCOBAR-VERA, C., Universidad de Alcala, Alcala de
Henares, Spain, camilo.escobar@uah.es; VIDAL-MORENO, P. J., Universidad
de Alcala, Alcala de Henares, Spain, pedro.vidal@uah.es; MARTIN-LOPEZ,
S., Universidad de Alcala, Alcala de Henares, Spain, sonia.martinlo@uah.es

Distributed Acoustic Sensing (DAS) systems have become a standard mea-
surement tool in geophysics, with applications ranging from earthquake
seismology to tsunami early warning. While most DAS users in this field
are familiar with the basic principles and typical performance of commer-
cially available interrogators, there is a general lack of understanding about
the physical limitations of conventional DAS technology and how these affect
measurement performance.

In this talk, we will explore the origins of these limitations. By under-
standing these constraints and ways to overcome them, we will introduce two
innovative systems currently being developed in our lab that offer significantly
different performance compared to conventional DAS. First, we will present
a DAS system capable of achieving centimeter-scale gauge lengths over dis-
tances of approximately 1 km. Second, we will introduce a DAS system with
standard performance (meter-scale resolutions over tens of kilometers) but
with completely suppressed 1/f instrumental noise, making it suitable for
long-term monitoring of processes with periods spanning days, weeks, or
even months. We will also briefly discuss the potential applications of these
novel DAS systems.

Harnessing Transatlantic Submarine Cables for Tidal and
Strain Measurements

LIU, M., California Institute of Technology, California, USA, meichenl@
caltech.edu; ZHAN, Z., California Institute of Technology, California, USA,
zwzhan@caltech.edu; COSTA, L., Jet Propulsion Laboratory, California, USA,
ldpcosta@gmail.com; MERTZ, P, Infinera Corporation, Maryland, USA,
pmertz@infinera.com; KAMALOV, V., Valey Kamalov LLC, Florida, USA,
vkamalov@gmail.com; VARUGHESE, S., Infinera Corporation, Maryland,
USA, svarughese@infinera.com; EDIRISINGHE, S., Infinera Corporation,
Maryland, USA, sedirisinghe@infinera.com

Submarine sensing has been constrained by high costs and the harsh under-
water environment, but advancements in fiber optic technology offer new
possibilities. Fiber optic sensing via transatlantic seafloor cables presents a
promising approach for submarine studies. For example, Marra et al. (2020)
employed phase interferometry of transmitted waves reflected by a high-loss
loop-back (HLLB) system for earthquake detection and localization. Similarly,
Zhan et al. (2021) measured fiber deformation by monitoring the state of
polarization. However, these methods either require expensive research-grade
laser sources or suffer from high noise. Moreover, they have low sensitivity
at sub-millihertz frequencies. Recently, Bogris et al. (2022) introduced the
Microwave Frequency Fiber Interferometry (MFFI) technique which is cost-
effective and stable over long distances.

Using a transatlantic cable from Lisbon, Portugal, to Fortaleza, Brazil,
we demonstrate our equipment combining MFFI and HLLB can provide sta-
ble detection of signals down to microhertz frequencies. Our system success-
fully observed the propagation of semidiurnal ocean tides along the 6,000 km
cable. The tidal signals align with barotropic pressure changes induced by tidal
height variations. With its clear observation of long-period tidal signals and
cheap, user-friendly setup, our method has the potential for widespread use,
notably in enhancing rapid tsunami early warning systems.
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Comprehensive Evaluation of DAS Performance:
Instrument Response, Noise Floor, and Amplitude
Saturation

ZHAI, Q., California Institute of Technology, California, USA, qzhai@
caltech.edu; ZHAN, Z., California Institute of Technology, California, USA,
zwzhan@caltech.edu; YIN, J., California Institute of Technology, California,
USA, yinjiuxun@icloud.com; YANG, Y., California Institute of Technology,
California, USA, yanyang@caltech.edu; ATTERHOLT, J., California Institute
of Technology, California, USA, atterholt@caltech.edu; LI, J., California
Institute of Technology, California, USA, jxli@caltech.edu; HUSKER, A.,
California Institute of Technology, California, USA, ahusker@caltech.edu;
KARRENBACH, M., Seismics Unusual, California, USA, martinkarrenbach@
gmail.com

Distributed Acoustic Sensing (DAS) can convert optical fibers into dense
arrays of strainmeters. Amplitudes in DAS recordings, particularly for pre-
existing telecommunication cables with uncertain fiber-ground coupling,
have not been fully quantified. By calibrating with co-located seismometers,
we systematically assessed the performance of three DAS arrays in California
and one DAS array at the South Pole. Our results indicate that the average
DAS amplitude of earthquake signals aligns with seismometer data, showing
fluctuations within an order of magnitude across channels and frequencies
from 0.01 to 10 Hz. The noise floor of DAS, crucial for detecting weak sig-
nals, is comparable to strong-motion stations within this frequency range but
exceeds broadband stations below 0.1 Hz. The saturation amplitude of DAS,
essential for capturing strong signals, is adjustable by modifying pulse repeti-
tion rate and gauge length, although this adjustment comes with trade-offs
regarding array length and data quality. Our comprehensive evaluation high-
lights the potential of using both DAS phase and amplitude data in seismic
studies.

Rotation Sensing with Optic Technology

IGEL, H., Ludwig Maximilians University, Windach, Germany, heiner.
igel@googlemail.com; BROTZER, A., Ludwig Maximlians University,
Munich, Germany, andreas.brotzer@lmu.de; BERNAUER, E, Ludwig
Maximilians University, Munich, Germany, felix.bernauer@lmu.de; KEIL,
S., Ludwig Maximilians University, Munich, Germany, sabrina.keil@lmu.
de; WASSERMANN, J., Ludwig Maximilians University, Munich, Germany,
j.wassermann@lmu.de; VERNON, E, University of Southern California, ,
USA, flvernon@ucsd.edu; SCHREIBER, U., Technical University of Munich,
Munich, Germany, ulrich.schreiber@tum.de

Portable fibre-optic gyros (FOG) and ring lasers allow measuring rotational
ground motions and have recently been the method of choice for first-gener-
ation broadband observations for seismology at observatories and in the field.
FOGs and ring lasers have a unity transfer function, are insensitive to trans-
lations and - combined with broadband seismometers - allow the exploita-
tion of the power of six-degree-of-freedom processing (6 DoF) methods,
returning similar information like a seismic array but in a broader frequency
band and with a single-point measurement. This includes phase separation,
backazimuth and phase velocity estimation as well as tilt-correction. Recently,
a permanent 6 DoF system has been installed at the Pinon Flat Observatory,
California. We report on the observation of local seismicity and the detection
limit of a commercial FOGs. Furthermore we present results on 6 DoF obser-
vations on volcanoes, the estimation of 1D velocity models based on 6 DoF
noise observations, and applications in structural health monitoring. Finally,
we discuss the current limits of portable rotation instrument, and the future
potential of 6 DoF sensing when the sensitivity is improved.

Rayleigh Scattered Wave Analysis Techniques in
Distributed Optical Fiber Sensing for Broadband
Geophysical Observation in the Seafloor

ARAKIL, E., Japan Agency for Marine-Earth Science and Technology, Isehara,
Japan, araki@jamstec.go.jp; YOKOBIKI, T., Japan Agency for Marine-
Earth Science and Technology, Yokosuka, Japan, yokobikit@jamstec.go.jp;
MATSUMOTO, H., Japan Agency for Marine-Earth Science and Technology,
Yokosuka, Japan, hmatsumoto@jamstec.go.jp

Observations in seismological and volcanological fields often require very
broadband (1/years ~ 0.01Hz) spectrum and dynamic range (< nano strain ~
milli strain). Distributed Acoustic Sensing (DAS) has significantly high sensi-
tivity and suitable for observing rapid phenomena, but causes phase tracking
error in rapid and large change during earthquakes, limiting its ability in slow
process observation.

TW-COTDR is a DOFS technology that analyses the same Rayleigh
scattered wave as DAS, but analyzes Rayleigh Intensity Pattern (RIP) in opti-
cal frequency domain to measure fiber strain change between measurements
by their frequency shift. We applied TW-COTDR with an instrument manu-
factured by Neubrex, Co. Ltd. (NBX-7031) and our off Muroto seafloor fiber
optic cable which extends about 86 km offshore reaching to deep seafloor
since April 2022. We scanned Rayleigh scatter wave over 30 GHz at 0.002
GHz interval in 20 minutes to obtain seafloor fiber strain data up to ~ 80 km
offshore every 1 m interval. This observation provided valuable information
regarding small seafloor temperature fluctuations occurring ~ 0.1 degree over
day even in large seismic events.

TW-COTDR technology has a problem that field strain change during
frequency scan would make it difficult to evaluate frequency shift between
each scan. To deal with such strain change during frequency scan, we jointly
developed with Neubrex a new instrument called Rayleigh Frequency
Acoustic and Strain (RFAS) which uses chirped frequency optical laser pulse
to evaluate RIP every 2 msec, where field strain change from microseisms
would be negligible. We started long-term field test with the new RFAS instru-
ment (NBX-7800) and the same off Muroto seafloor cable from March 23,
2024. In comparison with the DAS in the field test, the RFAS measured the
strain every 1 m, which is much finer than 20~80 m in DAS. So, RFAS would
be especially suitable for targets such as seafloor downhole measurement
where greater spatial resolution is necessary.

Earthquake Characterization Using Fiber-optic Cables
Oral Session « Tuesday 8 October ¢ 11:15 AM Local

South Island Seismology at the Speed of Light Experiment
(SISSLE) — Characterizing the Alpine Fault at Haast (South
Westland, New Zealand)

MILLER, M. S., Australian National University, Canberra, Australia,
meghan.miller@anu.edu.au; LAI, V., Australian National University,
Canberra, Australia, voonhuilai@anu.edu.au; TOWNEND, J., Victoria
University of Wellington, Wellington, New Zealand, john.townend@vuw.
acnz; KONIETZNY, S., Technische Universitit Dortmund, Dortmund,
Germany,  sebastian.konietzny@tu-dortmund.de; HARMELING, S,
Technische Universitit Dortmund, Dortmund, Germany, stefan.harmeling@
tu-dortmund.de; RAUDSEPP, A., Victoria University of Wellington,
Wellington, New Zealand, allan.raudsepp@gmail.com; MOUSAVI, S,
Australian National University, Canberra, Australia, sima.mousavi@anu.edu.
au

We introduce initial results from a DAS array deployed in two phases for nearly
5 months between late-February and mid-May 2023 and again in October-
November 2023 near Haast, New Zealand. The South Island Seismology at
the Speed of Light Experiment (SISSLE) utilizes two lengths of telecommuni-
cation fiber: one running roughly parallel to the Alpine Fault (~18 km) and
the Tasman Sea and the second that runs perpendicular to and crosses the
Alpine Fault (~30 km). The Alpine Fault marks the boundary between the
Australian and Pacific plates. Haast lies near a geometrically and paleoseismi-
cally distinctive segment boundary where large (~M8) earthquakes appear to
preferentially nucleate and terminate on ~300-year timescales.

In addition to the DAS array, acquisition coincided with the ~450 km-
long Southern Alps Long Skinny Array (SALSA) deployment of 45 seismom-
eters installed ~10 km apart within ~3 km of the fault trace. We also deployed
27 nodal seismometers along the fiber cable within the geologically mapped
fault zone to provide opportunities for interpreting DAS and conventional
seismometer data.

Due to the high temporal (1 kHz) and spatial (4 m) resolution, data from
this DAS experiment have demonstrated improvements in the detection of
weak seismic sources, including low-magnitude earthquakes diagnostic of
fault activity. Our analyses to date have focused on detection and character-
ization of local and regional seismicity using the DAS and co-located nodal
data. Using manually-picked P and § arrivals, we have successfully located
seismicity reported by GeoNet and magnitude 1-2 earthquakes detected
using the nodal data. We observe consistent P and S waveform complexity
on DAS channels within the mapped fault zone and are working to under-
stand these in terms of either fault-zone trapped/guided waves or low-velocity
structures associated with the fault. The dense spacing across the Alpine Fault
allows for high-resolution imaging of the fault zone including the near-sur-
face fault geometry and structure using correlation and waveform modelling
techniques.
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Advancing Earthquake Characterization with Telecom Fiber
Networks

LL J., California Institute of Technology, California, USA, jxli@caltech.edu;
BIONDI, E., California Institute of Technology,, California, USA, ebiondi@
caltech.edu; ZHU, W., University of California, Berkeley, California, USA,
zhuwq@berkeley.edu; ZHAI, Q., California Institute of Technology, California,
USA, qzhai@caltech.edu; YIN, J., Schlumberger, Texas, USA, yinjiuxun@
icloud.com; HUSKER, A., California Institute of Technology, California,
USA, ahusker@caltech.edu; ZHAN, Z., California Institute of Technology,
California, USA, zwzhan@caltech.edu

The emerging distributed acoustic sensing (DAS) technology can convert a
pre-existing telecommunication fiber cable of tens of kilometers in length
into a dense seismic array of thousands of recording channels. Here, we pres-
ent a workflow for leveraging DAS together with the conventional seismic
network to analyze high-resolution earthquake source properties, including
seismic phase picking, earthquake relocation, focal mechanism inversion, and
high-resolution rupture imaging. We first introduce PhaseNet-DAS, a deep
neural network model, for automated earthquake detection and seismic phase
identification from DAS recordings. Following detection, our scalable cross-
correlation framework, CCTorch, robustly measures differential phase travel-
times and relative polarities between detected seismic events. Furthermore,
we have devised a matrix-free adjoint solver that performs double-differ-
ence relocation using data from thousands of DAS channels. We have also
developed a data-driven method for reliably inverting absolute first-motion
polarities on DAS, which are critical for tightly constraining the nodal plane
orientations and accurately inverting high-resolution focal mechanisms. We
have successfully applied these methods to several DAS arrays in California.
Finally, we present the DAS-based high-resolution back-projection rupture
imaging using the Mw6 crustal earthquake that occurred in Antelope Valley,
CA in 2021 as an example. These successful research progresses underscore
the potential of DAS as a next-generation seismic monitoring tool that can
significantly enhance and complement existing seismic networks. With the
extensive existing and proposed network of onshore and offshore telecom-
munication fiber cables, DAS could provide critical datasets for systematically
investigating detailed seismic source properties.

10-m-deep Earthquake Swarms (Mw -2) Near the Milun
Fault in Hualien, Taiwan, Detected by the MiDAS Seismic
Monitoring System

LIN, Y., National Central University, Taoyuan, Taiwan, yylianZ@gmail.com;
CHAN, J., National Central University, Taoyuan, Taiwan, draaschan@gmail.
com; CHEN, W,, National Central University, Taoyuan, Taiwan, top94523@
gmail.com

After the 2018 M6.4 Hualien earthquake in Taiwan, the Milun fault Drilling
and All-inclusive Sensing (MiDAS) project drilled two scientific boreholes on
the hanging (Hole A) and foot walls (Hole B) of the Milun fault, which had
0.5-m co-seismic slip during the earthquake and caused serious damage in
Hualien City. The project deployed a 7.5-km-long optical-fiber cable perpen-
dicular to the Milun fault, passing through Hole A and B (from top to bottom)
as well as the main fault zone on the surface. The downhole triaxial seismom-
eter arrays were installed in the boreholes. Both distributed acoustic sensing
(DAS) and traditional seismometer systems operate continuously in earth-
quake monitoring. In the present study, we manually detect earthquakes from
the continuous seismic records in a period of 2023/3/16-5/31 (76 days) and
identify two local seismic swarms occurring on 4/7 and 5/2. It is worth noting
that the swarm on 5/2, including 75 events within 5 hours, has an extremely
small ts-tp arrival time of ~0.15 s in the sensors in Hole B, suggesting that the
events were very close to the borehole. Benefited from the combined seismic
monitoring system of the DAS and downhole seismometers, we determine (i)
the DAS node with the first arrival time of S wave in Hole B to estimate the
event depth, as well as (ii) the P-wave polarization and amplitude in ground
velocity from the downhole seismometers to obtain the horizontal location
and magnitude. In the end, we recognize that these earthquakes occurred at
the depths of ~10 m and at the locations ~50 m away from the Hole B wellhead
with the magnitudes approximating to Mw -2. The ultra-shallow microearth-
quakes observed in the present study are perhaps a record value of natural
earthquakes, which can further contribute to the seismological studies, such
as, the earthquake initial-phase and finite-dimension issues, as well as tem-
poral variation of physical parameters (e.g., rigidity and wave velocity) in the
ultra-shallow structures.

Exploring Earthquake Source Characteristics Using
Borehole Optical Fiber Arrays: Insights from the 2022 M6.8
Chihshang, Taiwan, Earthquake

LIAO, J., National Central University, Taoyuan City, Taiwan, jolan@e-dream.
tw; LIN, Y., National Central University, Taoyuan City, Taiwan, yenyulin@
cc.ncu.edu.tw; MA, K., Academia Sinica, Taipei City, Taiwan, fong@earth.
sinica.edu.tw

The application of distributed acoustic sensing (DAS) offers unique advan-
tages for earthquake monitoring, providing spatially dense measurements
with high-temporal resolution and broadband response. Since 2020, the
Milun fault Drilling and All-inclusive Sensing (MiDAS) project has success-
fully drilled into a recent ruptured active fault on the northwestern edge of the
Milun Terrace in Hualien, Taiwan. This project provides cross-fault zone seis-
mic observations with optical-fiber sensing technology. In 2022, the MiDAS
network recorded more than 10 seismic events with magnitude > 6 which
occurred in eastern Taiwan. In this study, we aim to explore the potential of
DAS data from the MiDAS project by investigating the source characteristics
of the 2022 M6.8 Chihshang, Taiwan, earthquake. We apply a deconvolution
method, considering a smaller events in 2022 Chihshang earthquake sequence
as an empirical Green’s function (EGF), to determine the relative source time
function (RSTF) of the mainshock. The RSTF reveals gross temporal and spa-
tial characteristics of faulting during the mainshock. The approximated source
time function exhibits a notable high-frequency pattern, which differs from
the results of surface seismic stations at MiDAS site and other stations in the
national seismic network. We hypothesize that this high-frequency pattern
may be attributed to ruptures on heterogenous fault. It might suggest that
DAS could potentially capture small-scale rupture behaviors. Further investi-
gation and analysis are needed to confirm our hypothesis and provide deeper
insights into the seismic source characteristics.

Accurate Magnitude and Stress Drop Using the Spectral
Ratios Method Applied to Distributed Acoustic Sensing
LIOR, I., Hebrew University of Jerusalem, Jerusalem, Israel, itzhak.lior@mail.
huji.ac.il

The reliable estimation of earthquake magnitude and stress drop are key in
seismology. The novel technology of distributed acoustic sensing (DAS) holds
great promise for source parameter inversion owing to the measurements’
high spatial density. In this study, I demonstrate the robustness of DAS for
magnitude and stress drop estimation using the empirical Green’s function
deconvolution method. This method is applied to 9 co-located earthquakes
recorded in Israel following the 2023 Turkey earthquakes. Spectral ratios were
stacked along the fiber, and fitted with a relative Boatwright source spectral
model. Excellent fits were obtained even for similar sized earthquakes. Stable
seismic moments and stress drops were calculated assuming the moment of
one earthquake is known. DAS derived estimates were found to be more stable
and reliable than those obtained using a dense accelerometer network. The
results demonstrate the great potential of DAS for source studies.

Real-Time Monitoring and Warning with Fiber Optic
Seismology
Oral Session « Tuesday 8 October « 03:00 PM Local

Assessing Distributed Acoustic Sensing for Real-time
Monitoring and Earthquake Early Warning (EEW) in the
Southernmost Cascadia Subduction Zone

MCGUIRE, J., U.S. Geological Survey, California, USA, jmcguire@usgs.gov;
BARBOUR, A., U.S. Geological Survey, California, USA, abarbour@usgs.gov;
STEWART, C., California State Polytechnic University, Humboldt, California,
USA, connie.stewart@humboldt.edu; YARTSEV, V., Luna Innovations,
California, USA, Victor.yartsev@lunainc.com; KARRENBACH, M., Seismics
Unusual, California, USA, martinkarrenbach@gmail.com; MCPHERSON,
R., California State Polytechnic University, Humboldt, California, USA,
robert.mcpherson@humboldt.edu; HEMPHILL-HALEY, M., California State
Polytechnic University, Humboldt, California, USA, mark hemphill-haley@
humboldt.edu; SAWI, T. M., U.S. Geological Survey, California, USA, tsawi@
usgs.gov; YOON, C., US. Geological Survey, California, USA, cyoon@usgs.
gov

The southernmost Cascadia subduction zone presents considerable earth-
quake hazard from interplate and intraplate faults and is the most active
region within the ShakeAlert EEW System’s reporting area. Both real-time
performance assessments and offline simulations indicate that ShakeAlert
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would benefit from low-latency offshore seismic data in this region. To build
towards this possibility, the USGS, Cal Poly Humboldt University, Luna Inc.,
and Seismics Unusual have begun a long-term effort to collect DAS data in
this region to evaluate data quality and analysis methods. As a result of the
Middle-Mile initiative and other partnerships, Cal Poly Humboldt’s campus
is expected to be a regional hub for fiber optic cables in the coming years
that cover the locked portion of the megathrust and dozens of active crustal
faults. Since 2022, we have collected ~1.5 years of DAS data on a 15 km cable
between Arcata and Eureka CA, including over 35 nearby earthquakes with
magnitude estimates between 3.5 and 5.4, and over 400 earthquakes total. We
are evaluating both real-time detection algorithms operating directly on the
data acquisition system as well as algorithms for magnitude and location esti-
mation. An automated detection algorithm running on the acquisition system
detects M3 earthquakes by the time the P-wave has been recorded on about
half the cable with a total latency of about 0.9 to 1.2 s between the first P-arrival
on one end of the cable and the issuing of the detection. If the earthquake is
within about 30 km from the cable, the detection is often issued before the
first ShakeAlert message is published. By comparing with co-located nodal
seismometer data, we have established the reliability of peak-strain measure-
ments over four orders of magnitude. Magnitude estimates from peak-strain
measurements and existing scaling relations are reliable once site effects are
accounted for. We are investigating faster P-wave based magnitude estimates
for warning applications, and future experiments will involve multiple cables
and a variety of interrogators.

Low-cost DAS Arrays using Commercially Owned Fibers
and Interrogators for Continuous Seismic Monitoring and
Early-warning

LIOR, I., Hebrew University of Jerusalem, Jerusalem, Israel, itzhak lior@mail.
huji.ac.il; BEN-ZEEV, S., Hebrew University of Jerusalem, Jerusalem, Israel,
shahar.benzeev@mail.huji.ac.il; FEDORCHENKO, Y., Hebrew University of
Jerusalem, Jerusalem, Israel, yevgeny.fedochenko@mail.huji.ac.il; NOF, R. N,,
Geological Survey of Israel, Jerusalem, Israel, rann@gsi.gov.il

With the expansion of DAS technology for high-resolution infrastructure
monitoring, many commercial companies own and operate DAS units to
secure critical infrastructures. Such systems operate 24/7 for various purposes
such as perimeter control, pipeline, gridline, railway and highway monitor-
ing. By tapping into existing fibers and units, DAS data may be continuously
extracted at the extremely low cost of installing a storage unit and processing
computer (~10k$ per system). By forming such data sharing collaborations,
infrastructure operators may benefit from seismological insights, while con-
tinuous data and complete DAS earthquake catalogs can promote scientific
research. In Israel, we currently extract continuous DAS data from 2 fibers: a
Febus Optics system monitoring a 15 km pipeline in a horizontal tunnel and a
Prisma Photonics system monitoring a 66 km motorway segment, with addi-
tional systems planned for the near future. This data is used to study earth-
quakes and develop early warning capabilities. In this talk, I will detail data
extraction procedures and show initial observations and results from these
measurements, including the use of a meteor acoustic signal to validate the
fibers’ geometry, and earthquake location estimation via beamforming with
real-time implications.

Toward Integration of DAS Arrays and Traditional Seismic
Networks for Real-Time Earthquake Monitoring and Early
Warning

GOU, Y., University of California, Berkeley, California, USA, yuancong_gou@
berkeley.edu; ALLEN, R. M., University of California, Berkeley, California,
USA, rallen@berkeley.edu; ZHU, W., University of California, Berkeley,
California, USA, zhuwq@berkeley.edu; TAIRA, T., University of California,
Berkeley, California, USA, taira@berkeley.edu; HENSON, 1., University
of California, Berkeley, California, USA, ihenson@berkeley.edu; LUX, A.,
University of California, Berkeley, California, USA, angie.lux@berkeley.edu;
MARTY, J., University of California, Berkeley, California, USA, jmarty@
berkeley.edu

Real-time earthquake monitoring and early warning relies on dense seismic
networks with coverage around faults zones. Distributed Acoustic Sensing
(DAS), a technology that turns fiber-optic cables into seismic arrays, can
complement traditional networks where they lack sufficient observations.
For example, detecting offshore earthquakes in real-time is challenging for
traditional land-based seismic networks due to insufficient station coverage.
Application of DAS to submarine cables has the potential to extend the reach
of seismic networks and thereby improve real-time earthquake monitoring
and Earthquake Early Warning (EEW).

We present an integrated methodology that uses DAS data and tradi-
tional seismic stations for EEW. We use data from the SeaFOAM DAS deploy-
ment (52 km-long submarine cable) in Monterey Bay, CA and the surround-
ing Northern California Seismic System (BK+NC networks). The region is
seismically active with the nearby San Andreas Fault system, and the oftshore
San Gregorio Fault zones which the cable crosses. The algorithms to ana-
lyze the DAS data include a machine learning-based phase picking model
(PhaseNet-DAS), a grid-search location method and an empirical magnitude
estimation equation. This approach to analyzing the DAS data is compatible
with the EPIC point source EEW algorithm currently used by ShakeAlert. We
are therefore able to combine detection results from the DAS array with out-
puts from EPIC using the onshore seismic network. The preliminary results
show that the integrated algorithms can reduce the detection time for offshore
events and potentially increase warning time. We plan to implement the algo-
rithms in the real-time EEW system and evaluate the performance. The pro-
posed workflow can also accommodate the future integration of additional
DAS cables to improve monitoring of specific fault zones in California.

Seismic Event Monitoring with DAS in the Cloud

RAMOS, M. D., Sandia National Laboratories, New Mexico, USA, mdramos@
sandia.gov; HODGKINSON, K. M., Sandia National Laboratories, New
Mexico, USA, kmhodgk@sandia.gov; TIBI, R., Sandia National Laboratories,
New Mexico, USA, rbiti@sandia.gov

The incredibly high spatial and temporal resolution of Distributed Acoustic
Sensing (DAS) makes it an excellent technology to capture geophysical sig-
nals, and this has important implications for seismic monitoring efforts. DAS
provides strain measurements at a spatial resolution of meters along cables
that can be tens of kilometers in length at kilohertz sample rates, surpassing
the resolution provided by setups of traditional seismic instrumentation. The
sensitivity of DAS in the 10! to 100 Hz bandwidth combined with its opera-
tional capability on land and on the seafloor means that it not only provides a
mechanism to track the change in frequency and amplitude of seismic signals
over distance, but it can supplement recordings from conventional observa-
tory-quality sensors in regions such as the ocean floor where station density
is extremely sparse. However, two issues impede the systematic study of DAS
to quantify its benefit: (1) the vast volumes of data generated by the system
makes it difficult to telemeter and, once at a datacenter, analyze efficiently and
(2) the lack of consistently compiled metadata inhibits the comparison of cor-
related signals across geographically separated fibers. Both issues need to be
addressed to provide calibrated and quality-controlled DAS data sets suitable
for downstream ingestion into signal detection, association and characteriza-
tion algorithms. We standardize the metadata across the 32 data sets collected
for the 2023 Global DAS project and show how this enables comparison of
DAS data across networks. We also showcase how seismic event monitoring
data analysis software may be containerized and leveraged on cloud compute
architecture. Our workflow is useful to seismic monitoring agencies because it
establishes a DAS data processing paradigm that efficiently manages the meta-
data in an open-software environment.

Distributed Acoustic Sensing of Fiber Networks for
Earthquake Monitoring and Early Warning Operations
BIONDI, E., California Institute of Technology, California, USA, ettore88@
alumni.stanford.edu; SAUNDERS, J. K., California Institute of Technology,
California, USA, jsaunder@caltech.edu; TEPP, G. M., California Institute
of Technology, California, USA, gtepp@caltech.edu; YU, E., California
Institute of Technology, California, USA, eyu@caltech.edu; WATKINS, M.
B., California Institute of Technology, California, USA, mwatkins@caltech.
edu; BHADHA, R., California Institute of Technology, California, USA,
rayo@caltech.edu; BHASKARAN, A., California Institute of Technology,
California, USA, aparnab@caltech.edu; ACHARYA, P. R., California Institute
of Technology, California, USA, pacharya@caltech.edu; ZHAN, Z., California
Institute of Technology, California, USA, zwzhan@caltech.edu; HUSKER, A.,
California Institute of Technology, California, USA, ahusker@caltech.edu

Distributed Acoustic Sensing (DAS) instrumentation deployed on existing
telecommunications fiber cables has emerged as a highly effective tool for seis-
mological applications. Its unique capability to convert extensive lengths of
fibers into dense seismic arrays offers unparalleled observational advantages
compared to conventional seismic stations. Despite the significant advance-
ments in using DAS data for earthquake research, non-negligible challenges
still need to be solved to achieve continuous earthquake monitoring and
develop reliable real-time data processing methods.

The ever-expanding fiber network onshore and offshore could serve as
a platform for the next generation of seismic network operations, especially
if widespread usage of DAS is adopted for earthquake detection and early
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warning systems. We outline how we are taking the first steps toward integrat-
ing DAS data within seismic network operations, from providing additional
constraints to earthquake detection and localization to improving early warn-
ing performance. We explore how innovative machine-learning methods,
combined with efficient processing techniques, have the potential to shape
the future of monitoring and early warning systems. Specifically, we employ
PhaseNet-DAS to fully leverage the high spatial density provided by DAS for
accurately determining earthquake arrival times, which are then streamed
within an Earthworm pick-ring server. We then describe how ground-accel-
eration-calibrated DAS channels can be introduced to the existing early warn-
ing algorithms. Current earthquake early warning (EEW) approaches employ
ground motions to perform real-time magnitude and shaking-intensity esti-
mation. However, assessing the benefits and challenges of DAS for EEW can
lead to a new effort to develop dedicated strain-based methods. We finally
demonstrate how high-performance computing processing, picking, and
localization tools are opening new opportunities for real-time earthquake
detection and early warning.

Exploring the Frontier of Environmental Processes using
Fiber-optic Sensing
Oral Session « Wednesday 9 October « 08:30 aM Local

Fluvial Monitoring with Distributed Acoustic Sensing
ROTH, D. L., University of Colorado, Boulder, Colorado, USA, danicalir@
gmail.com; BILEK, S., New Mexico Institute of Mining and Technology,
New Mexico, USA, susan.bilek@nmt.edu; JOHNSON, J. P. L., University of
Texas, Austin, Texas, USA, joelj@jsg.utexas.edu; CADOL, D., New Mexico
Institute of Mining and Technology, New Mexico, USA, daniel.cadol@nmt.
edu; MCLAUGHLIN, J. M., New Mexico Institute of Mining and Technology,
New Mexico, USA, john.mclaughlin@student.nmt.edu; LUONG, L., New
Mexico Institute of Mining and Technology, New Mexico, USA, loc.luong@
student.nmt.edu; BEZADA, M. J., University of Minnesota, Minnesota,
USA, mbezada@umn.edu; GE, J., Colorado School of Mines, Colorado,
USA, gjin@mines.edu; TITOV, A., Colorado School of Mines, Colorado,
USA, alekseititov@mines.edu; MASTELLER, C. C., Washington University,
St. Louis, Missouri, USA, cmasteller@wustl.edu; TATE, B., University of
Minnesota, Minnesota, USA, tate0136@umn.edu; SIEGFRIED, M. R,
Colorado School of Mines, Colorado, USA, siegfried@mines.edu

Fluvially generated seismo-acoustic waves provide a novel means of inves-
tigating otherwise hidden river processes. However, signals from individual
seismometers or hydrophones are challenging to interpret due to environ-
mental heterogeneity and the superposition of multiple signal sources. Fiber-
optic distributed acoustic sensing (DAS) arrays combine the advantages of
high frequency in-stream hydrophone monitoring with the broad spatial
extent and array methods of seismic and geophone deployments, providing
unprecedented opportunities to interrogate river signals at high spatiotem-
poral resolution. We present data from two deployments with meter-scale
along-stream spatial resolution and 10 kHz sampling to highlight new oppor-
tunities and challenges posed by DAS as a tool for fluvial monitoring. First,
hydroacoustic strain-rate spectra along ~160 m of cable submerged in Clear
Creek, Colorado, USA, highlight fine-scale spatial variation in flow hydrau-
lics and complex interactions between the free-floating cable, flow, and bed.
These observations demonstrated the capacity for array methods to identify
and locate distinct signal sources in DAS data as well as the need for addi-
tional work to improve deployment techniques and address cable coupling
in dynamic fluvial environments. We explore these ideas further in a second
deployment in a ~39 m long, 1.5 m wide cement-bedded outdoor flume at
the University of Texas, Austin, where we examine different cable coupling
scenarios and a range of water turbulence and sediment transport phenomena
under closely controlled and monitored experimental conditions.

Fiber Optic for Environment Sensing (FORESEEx): Examples
from Urban and Arctic Arrays
ZHU, T., Pennsylvania State University, Pennsylvania, USA, tyzhu@psu.edu

Fiber-optic sensing is increasingly utilized for subsurface resource explora-
tion, near-surface geology characterization, and earthquake monitoring.
Fiber-optic sensing offers three key advantages: dense sensors, centralized
power system, and integration with existing telecom infrastructure, making it
particularly beneficial for urban and remote areas. In this talk, I will introduce
the Fiber-Optic Sensing for Environment Dynamics (FORESEEx) project,
showcasing two Distributed Acoustic Sensing (DAS) experiments conducted
in urban and Arctic environments. The urban study uncovers unique rain

storm-induced signals, enhancing our understanding of rainstorm processes
and rain water-groundwater interactions. Additionally, in the second experi-
ment conducted in Alaska, I will discuss newly discovered signals associated
with glacial ice movement and ice-wedge cracking, offering valuable insights
into their physical mechanisms.

Enhancing Hydrological Monitoring with Fiber-Optic
Sensing

YANG, Y., California Institute of Technology, California, USA, yanyang@
caltech.edu; FU, X., California Institute of Technology, California, USA,
rubyfu@caltech.edu; ADAMS, K. H., NASA Jet Propulsion Laboratory,
California, USA, kyra.kim@jpl.nasa.gov; BIRD, E., California Institute of
Technology, California, USA, ebird@caltech.edu; ZHAN, Z., California
Institute of Technology, California, USA, zwzhan@caltech.edu

Hydrological monitoring is essential for managing water resources, especially
in the context of climate variability. Recent advancements in ambient seis-
mic noise interferometry offer a cost-effective method to monitor subsurface
hydrological processes by using seismic velocity changes (dv/v) as indicators
of water saturation levels. Distributed Acoustic Sensing (DAS) has emerged
as a transformative technology that repurposes existing fiber-optic cables into
dense arrays of seismic sensors. Offering dense spatial sampling and continu-
ous long-term recordings, DAS facilitates the monitoring of aquifer dynamics
at unprecedented spatiotemporal resolutions.

While groundwater aquifers receive consistent attention, the interme-
diate-depth vadose zone—the unsaturated layer between the surface and
groundwater table—has been less thoroughly monitored. In this work, we
focus on monitoring the vadose zone and validating our results with hydro-
logical methods. We converted a telecommunication fiber-optic cable in
Indian Wells Valley, California, into a dense seismic array to measure tempo-
ral variations of seismic velocity. With in-situ soil moisture sensors co-located
with the DAS array and hydrological modeling to benchmark our seismic
observations, we demonstrate that DAS effectively captures the dynamics of
the vadose zone. This research highlights the potential of DAS to significantly
enhance hydrological monitoring and contribute to more resilient environ-
mental and agricultural management strategies.

Evaluating Strain and Temperature Variations with Low
Frequency Distributed Acoustic Sensing

OUELLET, S., University of Calgary, Calgary, Canada, susanne.ouellet2@
ucalgary.ca; DETTMER, J., University of Calgary, Calgary, Canada, jan.
dettmer@ucalgary.ca; CRICKMORE, R., Luna OptaSense, Hampshire,
United Kingdom, roger.crickmore@optasense.com; LATO, M., BGC
Engineering, Ottawa, Canada, mlato@bgcengineering.ca; DASHWOOD, B,
British Geological Survey, Keyworth, United Kingdom, bendas@bgs.ac.uk;
CHAMBERS, J., British Geological Survey, Keyworth, United Kingdom,
jecha@bgs.ac.uk; KARRENBACH, M., Seismics Unusual, California,
USA, martinkarrenbach@gmail.com; CHAVARRIA, A., Luna OptaSense,
California, USA, Andres.Chavarria@lunainc.com

Geohazards are expected to increase in frequency over the coming decades
considering the effects of climate change. Robust monitoring systems are
needed to support risk mitigation efforts where geohazards impact nearby
communities and infrastructure. Distributed acoustic sensing (DAS) is a
fiber optic sensing technology sensitive to changes in strain and temperature
over a broad range of frequencies. Furthermore, DAS offers capabilities of
monitoring over broad spatial extents, with current DAS systems capable of
monitoring up to ~100 km of optical fiber. Earlier work demonstrated how
low frequency (< 1 Hz) DAS can be used to track the evolution of a slow-
moving landslide. Here, we advance our analysis at the Hollin Hill Landslide
Observatory to evaluate the effects of cable type on the sensitivity of DAS to
strain and temperature changes. Our work demonstrates that selection of the
appropriate cable can yield enhanced strain measurements to support moni-
toring of ground deformations.

Exploiting DAS Records Directly for Source and Structural
Properties — Examples from the Greenland Ice Sheet
KENNETT, B. L. N., Retired, Canberra, Australia, brian.kennett@anu.edu.
au; FICHTNER, A., ETH Ziirich, Zurich, Switzerland, andreas.fichtner@
erdw.ethz.ch

Many applications of DAS employ transformations of strain-rate records into
ground velocity so that familiar tools can be applied. Nevertheless, only mod-
est modifications need to be made to computational methods to provide a
direct representation of DAS records including the influence of cable orienta-
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tion and gauge-length effects. With such aids it is possible to fully exploit the
wealth of information on the seismic wavefield contained in the DAS records.

We illustrate this approach with DAS records from 3 km cables at
the EastGRIP ice core drilling site on the Northeast Greenland Ice Stream
(NEGIS) collected in summer 2022. From both a landing aircraft and small
shots nearly in line with the cables it is possible to extract from the DAS
records a broad spectrum of Rayleigh surface wave modes as well as pseudo-
acoustic modes dominated by P waves. Fitting the dispersion of these various
modes allows a structural model to be constructed for the near surface that
can then be used for source studies.

For near sources offset from the cable the pattern of arrivals associated
with the orientation effects on the cable provide a convenient means of assess-
ing both the character of the source and its distance from the cable. Both
aspects are very helpful in untangling a complex pattern of seismic signals
associated with an advancing front of snow collapse in the top few centimeters.

Monitoring Groundwater Dynamics in the Lyon Water
Catchment using DAS combined with Ambient Noise
Interferometry

NZIENGUI BA, D., FEBUS Optics, Pau, France, destin.nziengui@febus-
optics.com; COUTANT, O., ISTerre, Université Grenoble Alpes, Grenoble,
France, olivier.coutant@univ-grenoble-alpes.fr; LANTICQ, V., FEBUS
Optics, Pau, France, vincent.lanticq@febus-optics.com

Ambient noise interferometry (ANI) applied to Distributed Acoustic Sensing
(DAS) arrays is an emerging method for subsurface investigations, particu-
larly for imaging and monitoring hydrologic processes. In this study, we ana-
lyze ambient seismic noise acquired on a spiral DAS array to track velocity
variations caused by groundwater level changes in an alluvial aquifer.

We tested our methodology to the Crépieux-Charmy water catchment, a
strategic site for water supply to the city of Lyon, France, located in the Rhone
alluvial aquifer. This site supplies 94% of the city’s drinking water and uses a
Managed Aquifer Recharge (MAR) system, which allows controlled recharge
of the aquifer through infiltration basins. The filling of the basins creates a
localized hydraulic dome that plays two major roles: recharging the aquifer
and preventing pollution risks coming upstream. Our objective was to char-
acterize the dynamics of this hydraulic dome.

We analyzed four weeks of DAS ambient noise data recorded on a 3 km
spiral DAS array surrounding an infiltration basin. During this period, a con-
trolled water infiltration experiment was conducted by the site operators. We
used traffic noise in the 2-5 Hz frequency band and performed DAS-based
time-lapse surface wave tomography of velocity variations in the area. We
were then able to map velocity variations in the vadose zone. Comparison of
point-scale piezometer measurements and adjacent cells in the velocity varia-
tion maps shows good agreement between the two observables. These veloc-
ity variations are directly related to the water table variations and to residual
water saturation changes within the unsaturated zone.

This pilot application demonstrates the potential of DAS combined with
ANT to track aquifer dynamics at high spatial and temporal resolutions.

Multiplexed Distributed Acoustic Sensing at the Ocean
Observatory Initiative Regional Cabled Array

LIPOVSKY, B. P, University of Washington, Washington, USA, bpl7@
uw.edu; DENOLLE, M., University of Washington, Washington, USA,
mdenolle@uw.edu; KELLEY, D., University of Washington, Washington,
USA, dskelley@uw.edu; SHI, Q., University of Washington, Washington, USA,
qibins@uw.edu; WILLIAMS, E. E, University of Washington, Washington,
USA, efwillia@uw.edu; WILCOCK, W. S. D., University of Washington,
Washington, USA, wilcock@uw.edu; ABADI, S., University of Washington,
Washington, USA, abadi@uw.edu; HARTOG, R., University of Washington,
Washington, USA, jrhartog@uw.edu

Distributed acoustic sensing (DAS), a technology that converts ordinary tele-
communication optical fibers into dense arrays of strain sensors, convention-
ally requires unused or “dark” fibers. This poses a significant practical limita-
tion because the vast majority of fibers in existing submarine cables are “lit,”
not dark. We proposed to solve this problem through optical multiplexing—
splitting the optical traffic in the fiber between two frequency bands, C-band
(communications) and L-band (DAS), so that both systems independently
operate simultaneously in the same optical fiber without conflict. Here, we
report a successful multiplexed DAS deployment at the Ocean Observatory
Initiative (OOI) Regional Cabled Array (RCA) shore station in Pacific City,
Oregon. The primary goals of the proposed 2024 Lit DAS experiment were
to demonstrate that: (1) multiplexed DAS will work on the particular con-
figuration of the OOI RCA; (2) the communications of the OOI RCA are not
impacted by multiplexed DAS; and (3) multiplexed DAS on the OOI RCA is of

high quality (i.e., as good as that collected by the same system on a dark fiber).
Although we have additional data analysis tasks ahead to fully address the
third goal, we can conclude that we have met the first two goals and that there
is no obvious change in data quality between acquisition on dark and lit fibers.

Filling the Data Gap: Ocean-bottom Sensing with Fiber-
optic Cables
Oral Session « Wednesday 9 October o 12:00 pm Local

Science with Transoceanic Seafloor Cables

MARRA, G., National Physical Laboratory, Middlesex, United Kingdom,
giuseppe.marra@npl.co.uk; TAMUSSINO, M., National Physical Laboratory,
Teddington, United Kingdom, max.tamussino@npl.co.uk; FENG, Z.,
National Physical Laboratory, TEDDINGTON, United Kingdom, zitong.
feng@npl.co.uk; FAIRWEATHER, D., University of Edinburgh, Edinburgh,
United Kingdom, david.fairweather@npl.co.uk; CURTIS, A., University of
Edinburgh, Edinbugh, United Kingdom, andrew.curtis@ed.ac.uk

The 1.5 million km-long network of seafloor telecommunication cables is one
of the largest infrastructures ever built by humans. After enabling the digital
revolution of the last 30 years, it could now play a key role in expanding Earth
monitoring capabilities from land to the ocean. Indeed, although 70% of the
Earth’s surface is covered by water, only a very small number of permanent
real-time sensors exist on the seafloor. Recent research from several groups
has shown the wide range of new possibilities that Distributed Acoustic
Sensing (DAS) techniques offer for Earth sciences. When applied to seafloor
cables, DAS enables high spatial resolution monitoring of coastal areas. Other
techniques, such as optical interferometry and State of Polarization (SOP),
have demonstrated the ability to extend the monitoring capabilities beyond
coastal areas, at the expense of a lower spatial resolution. Here we show how
ultra-stable interferometric techniques enable existing cables to be used as
arrays of environmental sensors across thousands of kilometres on the sea-
floor, with results from tests on an intercontinental cable between the UK and
Canada. We will discuss the possibilities opened by these techniques, with
applications ranging from seismology and oceanography [1], and outlook for
expansion of these techniques to a global scale.
[1] Marra G at al., Science, 376 (2022).

Spatio-temporal Observations of Nonlinear Wave-wave
and Wave-current Interaction with DAS

WILLIAMS, E. E, University of Washington, Washington, USA, efwillia@
uw.edu; LIPOVSKY, B. P, University of Washington, Washington, USA,
bpl7@uw.edu

Nonlinear interactions of ocean surface gravity waves are the dominant
source of ambient seismic noise globally, yet this process has been only rarely
observed in-situ. From a year of data acquired in Lower Cook Inlet offshore
Homer, AK, we will first compare DAS observations to a nearby wave buoy,
showing how standard sea surface statistics (significant wave height and wave
period) can be estimated from DAS and how these quantities are modified
by wave interaction with strong (>1 m/s) tidal currents. Then, we will apply
array analysis to show how up to six overtones of the wind wave spectrum
observed with DAS are composed of bound (evanescent) acoustic-gravity
modes through wave-wave interaction. Under particular conditions, some of
this energy couples into local, high-frequency Scholte-wave microseism.

DAS Observation for High-frequency Tsunamis Excited
Near Torishima Island, Japan

TONEGAWA, T., Japan Agency for Marine-Earth Science and Technology,
Yokosuka, Japan, tonegawa@jamstec.go.jp; ARAKI, E., Japan Agency for
Marine-Earth Science and Technology, Yokosuka, Japan, araki@jamstec.go.jp

Various types of wavefield have been captured by submarine fiber optic cables,
including earthquake and ocean waves. However, tsunami signals have been
less captured because whether their observations depend on experimen-
tal periods and locations for distributed acoustic sensing (DAS). In south-
ern Japan on October 8, 2023 (UT), sea level changes due to tsunamis were
observed by tide gauges, and the tsunami generation is likely to be related
to activities of submarine volcanoes. We observed the tsunami signals in the
continuous records of DAS off Muroto in southern Japan. In this study, to
investigate the characteristics of the tsunami signals, we calculate the fre-
quency-dependent phase velocities, and compare the waveforms with those
observed at nearby absolute pressure gauges (APGs).
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In the DAS records, coherent signals propagating landwards are
observed in the northern part of the submarine cable. The dominant fre-
quency is 6-30 mHz. The frequency-dependent propagation velocities of the
observed signals correspond to those of infragravity waves (i.e., deep water
waves, ocean surface gravity waves), and the infragravity waves are catego-
rized into high-frequency tsunamis.

We also estimated time-series of the tsunami generation at the source
location. Relatively high frequency components within high-frequency tsu-
namis are excited in early stage of the volcanic activities, and their frequency
components are shifted to middle and low ones in later stages. This indicates
that the volcanic activities tend to be large at the later stage. The obtained fea-
tures of the time-series were consistent with those using records of the APGs.
Our results indicate that DAS records are useful for detecting tsunami propa-
gations and also elucidating excitation mechanisms of tsunamis.

Data citation: DONET: doi:10.17598/NIED.0008 Acknowledgement:
This work was supported by JSPS KAKENHI Grant No. JP21H05202,
JP21H05204 in Scientific Research on Transformative Research Areas
“Science of Slow-to-Fast earthquakes”.

Imaging the Near-surface Structure and Monitoring the
Microseismicity Around the Changdao Earthquake Swarm
Area with Distributed Acoustic Sensing

WANG, B., University of Science and Technology of China, Hefei, China,
bwgeo@ustc.edu.cn; SONG, H., University of Science and Technology
of China, Hefei, China, shr0928@mail.ustc.edu.cn; HE, C., University of
Science and Technology of China, Hefei, China, zg_hct@163.com; WANG,
P, Shandong Institute of Petroleum and Chemical Technology, Dongying,
China, wangpengeq@163.com

From February 14 to May 31, 2017, an earthquake swarm occurred near
Changdao Island East China. Located in the Bohai Sea the swarm was poorly
covered by the seismic network which hinders the further understanding of
the tectonic background and mechanism of the swarm. To better illuminate
the local structure and monitor the earthquakes, we recast a 20-km long dark
subsea optic fiber as 2500 DAS nodes with a channel spacing and gauge length
of 8 m using a self-developed interrogator (ZD-DAS). Local, regional, and
teleseismic earthquakes as well as local traffic are clearly recorded. The low
frequency (<0.05 Hz) signal from the M7.4 Hualien earthquake correlates
well with records from the co-located broadband seismometer, which indi-
cates an excellent low-frequency response of the DAS system. The recording
sections from earthquakes suggest complex fault and geological structures in
the study area. The seabed S-wave velocity structure is imaged with ambient
noise tomography using a frequency-Hankel transform. The S-wave velocity
increases from ~ 200 m/s at the seabed to ~1400 m/s at the depth of 400 m.
Our results further verify the feasibility of earthquake monitoring and subsur-
face imaging with subsea dark optic fibers.

Exploring the Potential of Distributed Acoustic Sensing in
Ocean Acoustics

ABADI, S., University of Washington, Washington, USA, abadi@uw.edu;
WILCOCK, W. S. D., University of Washington, Washington, USA, wilcock@
uw.edu; DOUGLASS, A. S., University of Washington, Washington, USA,
asd21@uw.edu; HOREH, E. B., University of Washington, Washington, USA,
erfanbh@uw.edu

Distributed Acoustic Sensing (DAS) revolutionizes fiber optic cables into
extensive sensor arrays, capable of converting environmental vibrations into
detectable signals. By analyzing the phase shift of backscattered light caused
by varying strain from an acoustic field, DAS effectively converts fiber-optic
cables into sensitive acoustic arrays. This technology can measure signals to
distances of up to approximately 100 kilometers and has a spatial resolution
as low as a few meters. While DAS has found successful application in seis-
mic monitoring within the scientific community, its potential for monitor-
ing higher frequency hydro-acoustic signals remains under-explored. In this
presentation, we explore the prospects of DAS in the realm of ocean acoustics.
Focusing on experimental observations of signals <1 kHz, we demonstrate
its utility for capturing hydro-acoustic signals emanating from sources such
as vessels, marine mammals, and broadband impulse sources close to the sea
surface. Furthermore, we explain the DAS array response and its sensitivity
to paths arriving parallel or perpendicular to the cable. We also discuss the
challenges of evaluating the effectiveness of DAS for observing hydro-acoustic
signals, particularly marine mammals, at frequencies > 1 kHz.

Results from an Optical Fiber Seafloor Strainmeter
ZUMBERGE, M., University of California, San Diego, California, USA,
mzumberge@ucsd.edu; JACKSON, N. M., University of Kansas, Kansas, USA,
nmjackson@ku.edu

Widespread deployments of GPS sensors in the past decade have helped
identify Slow Slip Events (SSEs), especially near subduction zone faults in
Cascadia, Costa Rica, Japan, and New Zealand. Understanding SSEs presents
an opportunity to gain new insights into the mechanisms governing locking
and unlocking of subduction zone faults. While GPS networks have sufficient
sensitivity to detect onshore SSEs, they do not cover that portion of the crust
under the oceans.

To address this gap, we deployed two 250-m long optical fiber strainme-
ters at 770 m depth off the coast of Oregon. The two strainmeters, deployed
with a Remotely Operated Vehicle (ROV) in July of 2022, are oriented
approximately north-south and east-west. Strain is continuously recorded by
forming Michelson interferometers along the lengths of the stretched sensing
cables, which are buried 25 cm beneath the seafloor sediment. Temperature is
inferred from the difference between two fibers in each of the sensing cables
having contrasting thermal responses.

Data from the first year were recovered from the battery-powered sys-
tem in July of 2023 and new batteries were installed on the east-west sensor.
The raw records show signals at the microstrain level correlated with seawa-
ter temperature, seawater pressure, and fiber temperature (experienced both
by the sensing cable fibers and reference fibers of equal length wrapped on
a quartz mandrel). After removal of these signals using auxiliary data and
downsampling to a 3 second sampling interval, residuals of RMS amplitude
13 nanostrain remain. A 2-day running median filter captures tectonic sig-
nals well and reduces the noise amplitude to 6 nanostrain. A suspected SSE is
apparent in both sensors in October 2022, at the same time as a large onshore
episodic tremor and slip event at the location along strike. The observed
strains are significantly larger than expected from the onshore slow slip alone
and imply the existence of a second shallower slow slip zone.

Distributed Optical Fiber Sensing over Multi-Span Subsea
Telecom Cables with Active Amplification

MAZUR, M., Nokia Bell Labs, New Jersey, USA, mikael. mazur@nokia-bell-
labs.com; FONTAINE, N. K., Nokia Bell Labs, New Jersey, USA, nicolas.
fontaine@nokia-bell-labs.com; RYE, R., Nokia Bell Labs, New Jersey, USA,
roland.ryf@nokia-bell-labs.com; DALLACHIESA, L., Nokia Bell Labs, New
Jersey, USA, lauren.dallachiesa@nokia-bell-labs.com; CHEN, H., Nokia Bell
Labs, New Jersey, USA, haoshuo.chen@nokia-bell-labs.com; NEILSON, D. T.,
Nokia Bell Labs, New Jersey, USA, david.neilson@nokia-bell-labs.com

We present a fiber sensing system capable of performing distributed sensing
over live submarine telecommunication cables. The system was demonstrated
over a ~2000km long subsea cable with ~25 repeaters. In contrast to tradi-
tional distributed acoustic sensing (DAS) systems, which are limited to the
first span (~50-100km offshore), our prototype is capable of performing dis-
tributed measurements over the entire cable length. We achieve a spatial reso-
lution of ~200m for a measurement frequency of about 500Hz.

The system, based on optical frequency domain reflectometry, is inher-
ently compatible with live telecom traffic. We demonstrate this by measuring
the performance of multiple telecom transceivers while performing sensing,
showing zero outages or performance degradation. The system consists of a
photonic integrated circuit (PIC), laser source and an FPGA for signal genera-
tion and detection. The receiver-side processing is implemented in real-time
using custom FPGA+GPU design. All components used are manufactured in
volume and present in state-of-the-art optical and wireless communication
systems. This ensures that the system can be scaled and easily manufactured
in volume. The powerful combination of FPGA+GPU also enables flexibility
and the system can easily be customizable to tackle unique challenges in fiber
sensing. The system supports multi-channel operation and advanced cus-
tomizable real-time post processing enabling applications such as real-time
cross-correlation between multiple measured cables and ML-based event
characterization.

Finally, we discuss system trade-offs and how they can be addressed to
realize “DAS”-like measurements over multi-span live subsea cables. Our goal
is to provide an overview of the work and engage with the meeting attend-
ees to jointly understand how to tailor system performance to maximize its
ability to enhance sensor coverage in the sparsely monitored deep ocean.
Applications for this include seismic monitoring/detection, tsunami warning,
climate change research and more.
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Observing Seafloor Processes by Distributed Fiber Optic
Sensing Using an Academic Cable Offshore Catania Sicily
(Italy) and a Commercial Telecom Network in the
Guadeloupe Archipelago (Lesser Antilles)

GUTSCHER, M., Geo-Ocean, CNRS, University Brest, Ifremer, Plouzane,
France, gutscher@univ-brest.fr; CAPPELLI, G., IDIL Fiber Optics, Lannion,
France, giuseppe.cappelli@idil.fr; MURPHY, S., Geo-Ocean, CNRS, University
Brest, Ifremer, Plouzane, France, shane.murphy@ifremer.fr; QUETEL, L.,
IDIL Fiber Optics, Lannion, France, lionel.quetel@idil.fr; RICCOBENE, G.,
National Institute for Nuclear Physics, Catania, Italy, riccobene@Ins.infn.it;
AURNIA, S., National Institute for Nuclear Physics, Catania, Italy, aurnia@
Ins.infn.it; NATIVELLE, C., Orange, Pointe a Pitre, Guadeloupe, France,
christophe.nativelle@orange.com; PHILIPPON, M., Geosciences Montpellier,
University Antilles, Pointe & Pitre, Guadeloupe, France, melody.philippon@
univ-antilles.fr; LEBRUN, J., Geosciences Montpellier, University Antilles,
Pointe & Pitre, Guadeloupe, France, Jean-Frederic.Lebrun@univ-antilles.fr

We report on BOTDR (Brillouin Optical Time Domain Reflectometry) time
series spanning up to 3.5 years on academic and commercial fiber-optic
cables. Offshore Catania a 6-km-long dedicated fiber-optic cable (connected
to a 29-km-long electro-optical cable), recorded natural and man-made strain
signals of 40 - 250 microstrain at the seafloor (in 1800 - 2000 m water depths).
The strongest natural signal (40 microstrain elongation) developed from 19 -
21 Nov. 2020, probably due to sea-bottom currents. The 6-km long FOCUS
cable includes a redundant, triple-loop, consisting of 1 loose and 2 tight opti-
cal fibers. The tightly bound fibers typically record a strain signal twice as
high as the loose fibers (40 vs 20 microstrain for the natural signal). Weight
bag drops created man-made signals along four 120-m-long segments, with
amplitudes of 80 - 250 microstrain (in the tight fibers), which gradually decay
in the following months / years.

In June 2022, we began long-term monitoring of a network of unrepeated
submarine telecom cables that link the islands of the Guadeloupe archipelago.
We repeated measurements of the same fiber segments (30 - 70 km length),
in Dec. 2022, June 2023, Nov/ Dec. 2023, and May 2024. We confirm that
using the BOTDR technique, we detect shifts in the Brillouin frequency (2
- 5 MHz), which could represent substantial strain signals (40 - 100 micro-
strain in amplitude). These positive (elongation) or negative (shortening) sig-
nals typically occur in areas of steep seafloor slopes (e.g. the shelf break) or
in submarine valleys/canyons and suggest that stretching and shortening of
the cable (~1 cm over a few hundred meters) is occurring, most likely due to
sea-bottom currents. We also observe a significant shift of 1.5 MHz over the
shallow shelf (20 - 300 m depth) south of Grande Terre Guadeloupe (near
Saint Frangois) over 2 years, which represents a temperature increase of 1.5°C
from June 2022 to June 2024. These preliminary results are encouraging and
imply that standard telecom cables can be used for environmental monitoring
of the oceans.

An Innovative Photonic Vision of Volcanoes and
Geothermal Systems
Oral Session « Thursday 10 October « 08:30 AM Local

Fibre Optic Sensing for Innovative Imaging and Monitoring
of Geothermal and Volcanic Systems

JOUSSET, P, GFZ Potsdam, Potsdam, Germany, philippejousset@gfz-
potsdam.de

Fiber optic sensing has gained popularity in the Geosciences community in
recent years due to the ability of fiber optic cables to sense environmental
physical quantities such as temperature, dynamic strain, rotation, and chemi-
cal composition with high accuracy and sensitivity over a broad frequency
range, and with dense spatial and temporal resolution. This presentation will
provide an overview of fiber optic sensing methodologies and their applica-
tions for understanding structure and processes within geothermal and vol-
canic systems.

The physical principles underlying fiber optic sensing have been known
for several decades. These principles relate to various processes involving elec-
tromagnetic interactions of light emitted by a laser within glass. The intrin-
sic physical properties of the glass within the optical fiber, when properly
designed and interrogated with an appropriate light source, allow us to access
these environmental parameters. However, it is only recently that instruments
have been developed that can efficiently measure these parameters, either at
a single point or densely in a distributed way for geothermal and volcano-
logical applications. Rotational sensors allow us to measure the rotational
components of the seismic wave field, which have been discarded in the past.

Distributed fiber optic sensing provides access to quasi-continuous measure-
ments along km-long fibers with a high spatial resolution (meter) and sam-
pling rate (kHz).

I will show examples of studies on volcanoes both on land and in subma-
rine environments and geothermal systems in different geodynamic contexts.
These examples demonstrate that data from these innovative optical strain-
meters, rotational sensors, distributed fiber optic strain and/or temperature
sensors can reveal unknown structural features and processes in geothermal
and volcanic systems. Finally, fiber optic sensing methods need to be imple-
mented as additional tools for improved volcano monitoring and for volcanic
crisis management and for more effective resource management of geother-
mal systems.

A New Imaging Standard for Volcanic Systems Through
Fiber Sensing and Novel Processing Algorithms

BIONDI, E., California Institute of Technology, California, USA, ettore88@
alumni.stanford.edu; L1, J., California Institute of Technology, California, USA,
jxli@caltech.edu; BIRD, E., California Institute of Technology, California,
USA, ebird@caltech.edu; ZHAN, Z., California Institute of Technology,
California, USA, zwzhan@caltech.edu

Seismic tomography, a concept with nearly five decades of history, has sig-
nificantly advanced our understanding of subsurface structures. In particu-
lar, high-quality tomographic imaging can provide valuable insights into
the dynamics of volcanic systems. Recent advances in processing algorithms
and computational architectures have enabled a new rise in the applications
of tomographic approaches to magmatic systems. Furthermore, the advent
of fiber sensing technologies for seismological applications has opened new
avenues for exploring volcanic systems at a resolution unattainable by con-
ventional station networks. The high spatial sampling and ease of deploying
distributed acoustic sensing (DAS) instruments on telecommunication cables
make DAS a powerful tool for characterizing subsurface structures of volca-
noes at unprecedented scales and resolutions compared to dedicated nodal
deployments.

In this presentation, I showcase successful examples of traveltime tomo-
graphic applications to volcanic systems, where DAS data are inverted using
novel physics-based and machine-learning processing algorithms. The exten-
sive range of modern DAS instruments enables the creation of high-resolution
images of structures in the upper crust, offering a new outlook on volcanic
science. We conclude by describing how future applications could leverage the
full bandwidth DAS recordings inverted using full-waveform methodologies
in which primaries and secondary waves contribute to setting a new standard
for tomographic imaging.

Fibre-Optic Seismology on Remote, Subglacial, Submarine
and Actively-Erupting Volcanoes

KLAASEN, S., ETH Zurich, Ziirich, Switzerland, sara.klaasen@erdw.ethz.
ch; JONSDOTTIR, K., Icelandic Meteorological Office, Reykjavik, Iceland,
kristin.jonsdottir@vedur.is; CUBUK-SABUNCU, Y., Icelandic Meteorological
Office, Reykjavik, Iceland, yesim@vedur.is; NOE, S., ETH Zurich, Zurich,
Switzerland, sebastian.noe@erdw.ethz.ch; IGEL, J., ETH Zurich, Zurich,
Switzerland, jonas.igel@erdw.ethz.ch; GEBRAAD, L., ETH Zurich, Zurich,
Switzerland, larsgebraad@gmail.com; THRASTARSON, S., ETH Zurich,
Zurich, Switzerland, solvithrastar@gmail.com; HUDSON, T., ETH Zurich,
Zurich, Switzerland, thomas.hudson@erdw.ethz.ch; ZUNINO, A., ETH
Zurich, Zurich, Switzerland, andrea.zunino@erdw.ethz.ch; DETTMER, ]J.,
University of Calgary, Calgary, Canada, jan.dettmer@ucalgary.ca; NOMIKOU,
P, University of Athens, Athens, Greece, evinom@geol.uoa.gr; FICHTNER,
A., ETH Zurich, Zurich, Switzerland, andreas.fichtner@erdw.ethz.ch

We present highlights of Distributed Acoustic Sensing (DAS) experiments in
different volcanic settings. The experiments show several ways in which DAS
can contribute to volcano monitoring, and which challenges need to be over-
come before DAS can become standard practice as a volcano monitoring tool.

Mount Meager is a volcano in Canada with a high geothermal potential
and it is prone to severe landslides. We deployed a 3 km long fibre-optic cable
along a ridge, and partly trenched it into the glacier. We record previously
unknown high-frequency events that we analyse with beamforming, and low-
frequency tremor that may be related to the geothermal activity.

We deployed a 12 km long fibre on Grimsvotn, which is covered by the
Vatnajokull ice cap. We discover high levels of previously undetected micro-
seismicity using an image processing algorithm and locate events with local
magnitudes as low as -3 using the Hamiltonian Monte Carlo algorithm. These
events are used to set up a full-waveform source inversion workflow, with the
option to expand to a full-waveform tomography.

18 | Photonic Seismology: Lighting the Way Forward Seismological Society of America 7-10 October 2024| Vancouver, BC



We interrogated a 45 km long dark fibre that extends from the island
of Santorini, Greece, Northwards, past the submarine volcano Kolumbo. We
detect more events than the local network, and we show the challenges of a
cable geometry that is not ideal. We analyse the limitations of the cable lay-
out to locate events for observed and synthetic data, with both homogeneous
models and full-waveform modelling in a complex environment.

We monitored the seismic unrest at Svartsengi, Iceland, between
November 2023 and April 2024 with an 8 km dark fibre near the eruption
site. We set up live data streaming and analysis to aid the monitoring by the
Icelandic Met Office. We use the detected events to set up a time-dependent
non-linear tomography of the intrusion.

This research shows the potential of DAS to detect events with a lower
detection threshold, locate events depending on its cable geometry, charac-
terise events and model the subsurface using a full-waveform framework that
takes the complex environment into account.

Imaging Magma Flow Migration Through a Dike Using
Low-frequency DAS Measurements

LI, J., California Institute of Technology, California, USA, jxli@caltech.edu;
BIONDI, E., California Institute of Technology, California, USA, ebiondi@
caltech.edu; PUEL, S., California Institute of Technology, California, USA,
spuel@caltech.edu; HEIMISSON, E., University of Iceland, Reykjavik,
Iceland, eliasrafn@hi.is; ZHAI, Q., California Institute of Technology,
California, USA, qzhai@caltech.edu; ZHANG, S., California Institute of
Technology, California, USA, sdz@caltech.edu; BIRD, E., California Institute
of Technology, California, USA, ebird@caltech.edu; HJORLEIFSDOTTIR,
V., Reykjavik University, Reykjavik, Iceland, valah@ru.is; KAMALOV, V.,
Valey Kamalov LLC, Florida, USA, vkamalov@gmail.com; GUNNARSSON,
T., Google, Reykjavik, Iceland, teddi@gmail.com; GEIRSSON, H., University
of Iceland, Reykjavik, Iceland, hgeirs@hi.is; ZHAN, Z., California Institute of
Technology, California, USA, zwzhan@caltech.edu

Tracking the magma flowing pathways is critical to understanding the mag-
matic evolution, forecasting eruptions, and assessing volcanic hazards. In this
study, we demonstrate the use of a telecommunication fiber cable as a dense
array of strain meters to image the magma migration kinematics within a dike
through low-frequency distributed acoustic sensing (LFDAS) recordings. On
10 November 2023, a 15-km-long dike formed below the Sundhnukur crater
row, crossing the town of Grindavik in the Reykjanes Peninsula of Iceland.
Eleven days later, we deployed a DAS interrogator in the Peninsula, convert-
ing a 100-km-long telecommunication fiber cable crossing Grindavik into a
dense array with 10,000 strain sensors. Since then, six intrusive events have
occurred, four of which resulted in fissure eruptions. Clear LFDAS signals
emerged tens of minutes to several hours before eruptions, showing consis-
tent spatial strain response throughout these intrusive events. To image the
dike opening evolution, we developed a joint finite-fault inversion using both
LFDAS strain and GPS displacement. Our results show an ascending intru-
sion propagating to the surface, coinciding with surface lava fissures during
eruptions. For the non-eruptive intrusion, our imaging reveals an intrusion
trapped at depth. Our findings highlight the feasibility of using DAS as a dense
array of strain meters to provide high-resolution, nearly real-time imaging of
subsurface deformations, particularly in active volcanic regions.

Using Low-frequency DAS Signals for Early Warning During
the Sundhniiksgigur, Iceland, Eruptions in 2024
HJORLEIFSDOTTIR, V., Reykjavik University, Reykjavik, Iceland, valah@
ru.is; L, J., California Institute of Technology, California, USA, jxli@caltech.
edu; BIONDI, E., California Institute of Technology, California, USA,
ebiondi@caltech.edu; JONSDOTTIR, K., Icelandic Meteorological Office,
Reykjavik, Iceland, kristin.jonsdottir@vedur.is; ZHAN, Z., California Institute
of Technology, California, USA, zwzhan@caltech.edu

The Reykjanes peninsula, Iceland, has been experiencing unrest since 2019.
Since Nov 2023 the activity has been focused along the fissure swarm of
Sundhnuksgigur, with 6 major intrusive events of which 2 were eruptive. The
events have caused heavy deformation within the town of Grindavik. The
town is now mostly unoccupied, but with industrial activity. The eruptive fis-
sure is about 2 km away from the Svartsengi geothermal power plant and the
Blue Lagoon spa, a major tourist attraction, both currently open for activ-
ity. Evacuations, based on increased seismicity at the center of the activity,
together with pressure signals on a borehole sensor within the geothermal
field, have been issued as little as 30 minutes before the eruption. However, the
pre-eruptive seismicity has been diminishing with each event, making alerts
increasingly more difficult.

In late November 2023, a DAS interrogator was deployed in the pen-
insula, converting a 100-km-long telecommunication fiber cable crossing

Grindavik into a dense array with 10,000 strain-rate sensors. Clear low-fre-
quency signals are visible on the fiber more than 30 minutes before each erup-
tion. We developed a warning system using the amplitude of low-frequency
strain rate (LFDAS) on a quiet part of the cable near the center of the erup-
tive fissure. In hind-casting mode, the system would have issued a warning
for the 6 large events, with no warnings associated with non-intrusive events,
when data gaps are excluded. The alert has been running at the Icelandic
Meteorological Office (IMO) since April 28th. Since then, two episodes of
non-eruptive activity have been observed. The small amplitude of strain rate
observed on the fiber, together with small pressure changes on the borehole
pressure sensor, have caused the IMO to refrain from issuing a warning, dem-
onstrating the immediate utility of the LFDAS observations.

In this presentation, we give an update on the results from the LFDAS
monitoring of the ongoing Sundhnuksgigur sequence.

Seismic Velocity Changes Associated with the 2023-2024
Eruption Sequence on the Reykjanes Peninsula

BIRD, E., California Institute of Technology, California, USA, ebird@
caltech.edu; LI, J., California Institute of Technology, California, USA, jxli@
caltech.edu; BIONDI, E., California Institute of Technology, California,
USA, ebiondi@caltech.edu; HJORLEIFSDOTTIR, V., Reykjavik University,
Reykjavik, Iceland, valah@ru.is; ATTERHOLT, J., California Institute of
Technology, California, USA, atterholt@caltech.edu; ZHAI, Q., California
Institute of Technology, California, USA, qzhai@caltech.edu; FANG, ],
California Institute of Technology, California, USA, jfang@caltech.ecu;
KAMALOYV, V., Valey Kamalov LLC, Florida, USA, vkamalov@gmail.com;
GUNNARSSON, T., Google, California, USA, teddi@gmail.com; ZHAN, Z.,
California Institute of Technology, California, USA, zwzhan@caltech.edu

The intrusion of magma in a volcanic system often induces strain in the
surrounding region, resulting in the opening and closure of microcracks in
the vicinity of the intrusion. This change in the crack distribution can affect
regional seismic velocities. In late November 2023, we deployed a fiber-optic
seismic interrogator to convert a 100-km fiber-optic cable along the coast of
Iceland’s Reykjanes peninsula into a dense seismic array, which has run con-
tinuously to present. By measuring surface wave moveout with ambient noise
cross-correlation, we observe significant changes in the phase velocity follow-
ing eruptions in the peninsula’s 2023-2024 sequence that are likely associated
with magmatic intrusions into the eruption-feeding dike. As this signal exists
across a wide frequency band, we may further invert for changes in the S wave
velocity structure (dVs/Vs) at varying depths. The dVs/Vs signal allows us
to infer volumetric strain change in the vicinity of the fiber, providing con-
straints on the extent of the dike laterally and with depth. As our array passes
into the town of Grindavik, our result may help to characterize the structure of
the dike beneath the town, a valuable result for hazard preparedness.

Urban Seismology
Oral Session « Thursday 10 October ¢ 11:00 AM Local

Large-scale Monitoring of Urban Environments by Fiber-
optic Seismology: Lessons from Eight Years of the
Stanford DAS Project

BIONDI, B. L., Stanford University, California, USA, biondo@stanford.edu

The capability of turning fiber-optic cables into seismic sensors has the poten-
tial of providing datasets that “illuminate” Earth processes in a way that would
be impossible with data recorded by conventional seismic sensors. Fiber-optic
seismology enabled by Distributed Acoustic Sensing (DAS) technology can
produce continuous and densely sampled data recorded from difficult-to-
access locations at an affordable cost. I will discuss the opportunities for lever-
aging ubiquitous telecommunication fiber cables with distributed acoustic
sensing (DAS) to make cities more sustainable and resilient to climate change.
We can use “dark fibers” in urban environments to monitor both human activ-
ities above the surface (e.g., vehicular traffic, urban noise) as well as possibly
hazardous natural phenomena occurring in the subsurface (e.g., earthquakes,
water intrusion, landslides). DAS data from dark fibers also enables cost-effec-
tive monitoring of the structural health of urban infrastructure such as bridges
and tunnels. I will focus on the application of DAS recording of surface waves
generated by vehicles transiting on urban roads to continuously monitor the
subsurface under cities for possible hazards such as water intrusion and faults.
I will also discuss how we can develop machine-learning methodologies to
detect and analyze local seismicity from the massive amount of data generated
by DAS systems.
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Optimizing DAS Ambient Seismic Noise Interferometry
Workflows for Efficient, High-resolution Investigation of
the Urban Subsurface

RODRIGUEZ TRIBALDOS, V., GFZ Potsdam, Potsdam, Germany, verort@
gfz-potsdam.de; EHSANINEZHAD, L., GFZ Potsdam, Potsdam, Germany,
leila@gfz-potsdam.de; WOLLIN, C., GFZ Potsdam, Potsdam, Germany,
wollin@gfz-potsdam.de; KRAWCZYK, C., GFZ Potsdam, Potsdam, Germany,
lotte@gfz-potsdam.de

Local and regional characterization and monitoring of the urban subsurface
is critical for safe energy production and storage and to assess geohazard risk.
The application of interferometric analysis to human-generated ambient seis-
mic noise recorded on unused telecommunication fiber-optic cables (dark
fiber) using Distributed Acoustic Sensing (DAS) is becoming an attractive tool
for high-resolution subsurface imaging and monitoring in urban areas. Still,
this approach remains vastly underutilized due to the challenge of efficiently
extracting coherent seismic energy from large-volume urban DAS data, char-
acterized by complicated signal patterns resulting from the complex urban
seismic noise field, unconventional array geometries and non-uniform cable
coupling.

Here, we present an enhanced ambient noise interferometry workflow
that identifies and optimizes coherent surface waves in complex DAS urban
seismic noise data. We apply our workflow to 15 days of continuous DAS
ambient noise recorded on an 11 km-long dark fiber in Berlin, Germany.
Processing is applied to overlapping 1 km-long array segments to obtain a
pseudo-2D shear-wave velocity model of the upper few 100 m of the subsur-
face. Following cross-correlation, a categorization scheme achieved through
unsupervised clustering is applied to the resulting virtual shot-gathers
(VSGs). This process is crucial for efficiently excluding transient and local-
ized noise sources and retaining high-quality VSGs, which are subsequently
stacked. A coherence-based enhancement approach designed for wavefield
data recorded with large-N arrays is applied to the stack, further optimizing
coherent surface wave content. Dispersion analysis of the enhanced stacks and
subsequent 1D surface wave inversion yield 1D velocity models with reduced
uncertainties and increased depth of investigation. Ultimately, this enhanced
approach provides an efficient tool for improved, high-resolution imaging of
the urban subsurface at the local to regional scale.

Building Health Monitoring Using Ambient Noise
Interferometry Across Multistory DAS Arrays

GU, C., Tsinghua University, Beijing, China, guchch@mit.edu; ZHONG,
Y., Tsinghua University, Beijing, China, zhongyc22@mails.tsinghua.edu.
cn; PRIETO, G., Universidad Nacional de Colombia, Bogota, Colombia,
gaprietogo@unal.edu.co; FEHLER, M., Massachusetts Institute of Technology,
Massachusetts, USA, fehler@mit.edu; WU, P, Tsinghua University, Beijing,
China, wup23@mails.tsinghua.edu.cn; YUAN, Z., Tsinghua University,
Beijing, China, yuan-z20@mails.tsinghua.edu.cn; CHEN, Z., Tsinghua
University, Beijing, China, zhuoyu-c21@mails.tsinghua.edu.cn

Distributed acoustic sensing (DAS) has gained significant traction in the oil
and gas industry and shows promising potential for broader engineering
applications, particularly in digital twins for smart cities. Digital twins create
virtual replicas for smart cities, and DAS can provide complementary infor-
mation for bidirectional communication between the virtual and physical
worlds.

To explore the benefits of integrating DAS into digital twins for smart
cities, our study designed a multi-story DAS array to recover building mode
shapes through ambient noise interferometry. The impacts of weather param-
eters on building vibration modes were investigated. Our contribution lever-
ages the ambient noise interferometry approach, utilizing a multi-story DAS
array to enhance the depth and accuracy of building mode shape analysis. This
method marks a significant departure from conventional practices by intro-
ducing a 3D perspective to structural health monitoring (SHM), a notable
advancement over the 1D or 2D approaches typically employed.

By doing so, our work expands the toolkit available for SHM and opens
new pathways for understanding the complex dynamics of buildings under
various environmental influences. The inclusion of a DAS array facilitates a
more nuanced capture of structural responses, promising improvements in
the precision of monitoring and early detection of potential structural issues.

Data Augmentation Techniques to Improve Automatic
Detection in DAS Records

ORTIZ-AVILA, A., Universidad Nacional Auténoma de México, Mexico
City, Mexico, alfonsoortizavila@gmail.com; SPICA, Z., University of
Michigan, Michigan, USA, zspica@umich.edu; PERTON, M., Universidad
Nacional Auténoma de México, Mexico, Mexico, mathieuperton@gmail.
com; ITURRARAN, U, Universidad Nacional Auténoma de México, Mexico,
Mexico, ursula.iturraran@gmail.com; SANCHEZ-SESMA, E J., Universidad
Nacional Auténoma de México, Mexico, Mexico, sesma@unam.mx

In addition to regional earthquakes, Mexico City is also affected by local seis-
mic events. To better understand these local phenomena, it is important to
monitor local earthquakes and create a comprehensive catalog that includes
events with very low signal-to-noise ratios as well as those with higher
amplitudes.

Using data collected during a DAS experiment conducted from May
2022 to June 2023, we have detected nearly a hundred local seismic events
using classical algorithms such as STA/LTA. However, manual inspection of
some records revealed that STA/LTA missed many low-amplitude events,
likely due to the noise produced by the city.

To address the limitations of classical detection algorithms, we propose
the implementation of a convolutional neural network (CNN), which has been
proven effective in similar situations. The challenge, however, is that a labeled
dataset of only a hundred samples is insufficient to properly train this type
of neural network. To overcome this limitation, we performed data augmen-
tation on the original dataset to generate several thousand labeled samples.
The advantage of this approach is that it eliminates the need for simulations
or modeling, which would be time-consuming and computationally intensive
given the complexity of Mexico City’s geology.

Once trained, the proposed CNN can process the entire 120 terabytes of
data acquired during the DAS experiment in just a couple of days, enabling
the detection of hundreds of seismic events each month.

Fiber Optic Seismology in Densely Populated Urban Areas
Exposed to Seismic Hazard

SMOLINSKI, K. T., ETH Ziirich, Ziirich, Switzerland, krystyna.smolinski@
erdw.ethz.ch; BOWDEN, D. C., ETH Ziirich, Ziirich, Switzerland, daniel.
bowden@erdw.ethz.ch; KLAASEN, S., ETH Ziirich, Ziirich, Switzerland,
sara.klaasen@erdw.ethz.ch; SHAIKHSULAIMAN, A., ETH Ziirich, Ziirich,
Switzerland, ali92ah@yahoo.co.uk; FICHTNER, A., ETH Zirich, Ziirich,
Switzerland, andreas.fichtner@erdw.ethz.ch

DAS and other photonic sensing technologies have led to a rapidly expanding
area of research utilizing existing telecommunication fibers for urban seismol-
ogy. With the significant spatial extent of these deployments, one is able to use
one fiber to study multiple aspects of urban seismic hazard, from monitoring
seismicity on local faults, to producing subsurface velocity profiles in even
the densest population centers. Here, we present a summary of recent DAS
experiments in urban areas exposed to significant seismic hazard, including
Athens and Santorini in Greece, and Istanbul in Tiirkiye.

Within these urban experiments, we tackle multiple aspects of seismic
hazard. We utilize dispersion measurements derived from ambient noise to
constrain shallow subsurface velocity structure and demonstrate this method
in a pilot study in Bern, Switzerland, as well as in a more extensive deploy-
ment in Athens, Greece. Obtaining high-resolution velocity information in
the top tens of meters of the subsurface can reveal structural heterogeneities
relevant for construction and seismic hazard mitigation. The same workflow is
applied in Istanbul, Tiirkiye, with the addition of 2D full-waveform inversion
updates to refine the final model. Our Istanbul acquisition recorded many of
the February 2023 Turkey-Syria earthquakes, and we are able to clearly see
the seismic waves propagating in the data, as well as areas of local site ampli-
fication. Our field experiments also reveal numerous small, local earthquakes
not contained in network catalogs. We have developed several methods for
detecting and locating seismic events and compare our event catalogs to those
of regional networks. In spite of fairly linear fiber configurations in Athens
and Istanbul, we are able to locate many detected events. However, in the more
geologically complex submarine environment off the island of Santorini, solv-
ing for event locations proves to be extremely challenging. Such observations
may indicate limits on the potential usability of DAS in particularly complex
environments.
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POSTER 1
Fine Scale Southern California Moho Structure Uncovered
with Distributed Acoustic Sensing

ATTERHOLT, J., California Institute of Technology, California, USA,
atterholt@caltech.edu; ZHAN, Z., California Institute of Technology,
California, USA, zwzhan@caltech.edu

Moho topography can yield insights into the tectonic evolution of the litho-
sphere and the strength of the lower crust. The Moho-reflected phase (PmP)
samples this key boundary and may be used in concert with the first arriv-
ing P phase to infer crustal thickness. The densely sampled station coverage
of distributed acoustic sensing (DAS) arrays allows for the observation of the
PmP phase at fine-scale intervals over many kilometers with individual events.
We use the PmP phase recorded by a 100 km-long fiber that traverses a path
between Ridgecrest, CA and Barstow, CA to explore the structural variability
of the Moho in Southern California. With hundreds of well-recorded events,
we verify that PmP is observable and develop a technique to identify and pick
the relative arrival time between the first arrival and PmP with high confidence.
We use these observations to constrain Moho depth throughout Southern
California, and we find that low-wavelength variability in crustal thickness is
abundant, with sharp changes across the Garlock Fault and Coso Volcanic Field.

POSTER 2

Time Varying Crustal Anisotropy at Whakaari/White Island
Volcano

MENGESHA, D. Y., Victoria University of Wellington, Wellington, New
Zealand, dagimyoseph.mengesha@vuw.ac.nz

Whakaari/White Island has been the most active New Zealand volcano in
the 21st century, producing small phreatic and phreatomagmatic eruptions,
which are hard to predict. The most recent eruption occurred in 2019, tragi-
cally claiming the lives of 22 individuals and causing numerous injuries. We
employed shear-wave splitting analyses to investigate variations in anisotropy
between 2018 and 2020, during quiescence, unrest, and the eruption. We
examined spatial and temporal variations in 3499 shear-wave splitting and
2656 V_p/V_s ratio measurements. Comparing shear-wave splitting param-
eters from similar earthquake paths across different times indicates that the
observed temporal changes are unlikely to result from variations in earth-
quake paths through media with spatial variability. Instead, these changes
may stem from variations in anisotropy over time, likely caused by changes in
crack alignment due to stress or varying fluid content.

Earthquake Characterization Using Fiber-optic Cables
[Poster]
Poster Session « Monday and Tuesday

POSTER 3

Downhole DAS Array for Microseismic Event
Characterization at FORGE Combining Direct and
Converted Phase Picks from Machine Learning

ASIRIFL, R., Texas A&M University, Texas, USA, richard_asirifi@tamu.edu;
CHEN, X., Texas A&M University, Texas, USA, xiaowei.chen@exchange.
tamu.edu; RATRE, P, University of Oklahoma, California, USA, pranshu.
ratre@gmail.com; ZHU, W.,, University of California, Berkeley, California,
USA, zhuwg@berkeley.edu; MOHAMMADI, A., Texas A&M University,
Texas, USA, a-mohamadi@tamu.edu

Microseismic monitoring is a vital reservoir management tool, offering
insights into subsurface fluid-driven processes such as carbon sequestration,

wastewater injections, and hydraulic fracturing in Enhanced Geothermal
Systems (EGS), where precise event localization during reservoir stimula-
tion is imperative for interpreting fracture activation and heat flow pathways.
The FORGE site in Milford, Utah, dedicated to the study of advancing EGS,
features an extensive geophysical monitoring network, including Distributed
Acoustic Sensor (DAS) fibers. The downhole DAS array recorded a complete
full wavefield of microseismicity, which occurred during the 2019 and 2022
stimulation, where clear P, S, and S-P converted phases can be identified.
Notably, the S-P converted phase occurred at the granite contact, where the
seismic velocity significantly changed. We developed an interactive tool to
manually pick and interpolate phase arrivals on DAS wavefields for micro-
seismic events during 2019 and 2022 stimulations. The phase picks with high
signal-to-noise ratios are used to train a PhaseNet machine learning model
(EQnet) using Pytorch to check the accuracy of predicted phase arrivals. We
evaluate phase prediction results from our model and find good agreement
with manual picks, especially for P-phases with the highest Precision, Recall,
and F1 accuracy. The S-P and S phases show a relatively large residual from
the manual picks, perhaps due to the trade-off at the contact interface. The
importance of accurately predicting Converted Phase SP is its sensitivity to
event depth, which can be used to better constrain event depths and relocate
repeating events. Using the delay time between the S-P converted and P wave
measured from DAS array, we identify multiplets occurring at different depth
ranges and will further compare the multi-phase DAS event locations with
geophone arrays. We will extend the cross-correlation workflow developed
using geophone arrays to characterize microseismic event source properties
and repeating earthquake evolutions.

POSTER 4
Source Parameter Measurement Validation Using DAS and
Seismic Stations

CHEN, X., Texas A&M University, Texas, USA, xiaowei.chen@tamu.edu; YIN,
J., California Institute of Technology, California, USA, yinjx@caltech.edu;
PENNINGTON, C., Lawrence Livermore National Laboratory, California,
USA, pennington6@llnl.gov; WU, Q. Lettis Consultants International,
Inc., California, USA, wu@lettisci.com; ZHAN, Z., California Institute of
Technology, California, USA, zwzhan@gps.caltech.edu

The stress drop validation project organized by Southern California
Earthquake Center (SCEC) provides a comprehensive datasets of after-
shocks during the Ridgecrest earthquake sequence. The Ridgecrest DAS array
recorded a large number of aftershocks during the same time period, and
offers a great opportunity to thoroughly evaluate the feasibility of using DAS
to study source parameter variations. In this study, we identify three target
events with adequate number of high-quality nearby smaller events that can
be used as EGF (Empirical Green’s Function) events.

We perform spectral ratio deconvolution using different multi-taper
approaches, including: (1) MT-Deconvolve (Prieto, 2019) that optimizing
both target and EGF events spectra simultaneously, and obtain spectral ratio
and source-time-function (STF); (2) MT-Spec (Prieto, 2019) that optimizing
individual spectrum; (3) Pmtm - the built-in algorithm from MATLAB. For
each algorithm, we systematically vary the length of time window, frequency
bandwidth, number of tapers, assumed source model (Brune or Boatwright)
to evaluate the stability of spectral ratio inversion, and the relative moment
ratio. We compare the stacked results from the DAS array, two nearby stations
(SRT, CA03) and the averaged results from the SCEC seismic network.

We find that the DAS results are more sensitive to the time window
length compared to the seismic stations, with longer time window decreasing
the moment ratio at low frequency for the DAS, while seismic result tends to
be more stable. The stacked result of DAS array is generally more stable than
individual seismic stations, especially in source complexity characterization.
All methods appear sensitive to the number of tapers, especially with shorter
time window. For both datasets, careful selection of EGF events is needed to
ensure stable results.

The detailed comparison demonstrates that DAS holds potential in rou-
tine network monitoring to resolve source parameters. Understanding the
limitations and potential biases due to data processing using well-recorded
dataset is crucial in future steps.
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POSTER 5
A Waveform-Based Earthquake Detector for DAS Data
GAVIANO, S., University of Pisa, Pisa, Italy, sonja.gaviano@dst.unipi.
it;, PECCI, D., University of Pisa, Pisa, Italy, davide.pecci@phd.unipi.it;
RAPAGNANI, G., University of Pisa, Pisa, Italy, giacomo.rapagnani@phd.
unipi.it; REBEL, E., TotalEnergies, Pau, France, estelle.rebel@totalenergies.
com; GRIGOLL, E, University of Pisa, Pisa, Italy, francesco.grigoli@unipi.it

Distributed Acoustic Sensing (DAS) offers significant advantages for micro-
seismic monitoring due to its high spatial sampling. Unlike traditional geo-
phones, which are sparsely distributed and sample the seismic field every
ten to hundreds of kilometers, DAS provides dense sampling with 1-meter
spacing and rates up to several kHz. This high spatial resolution allows for
unprecedented mapping of seismic wave propagation but also produces
TeraBytes of data daily. For this reason, traditional seismological processing
techniques are not designed to handle such volumes and high spatial resolu-
tion. Consequently, new processing methods are required.

We propose an innovative waveform-based detection method exploit-
ing the high temporal and spatial sampling of DAS data. Our algorithm is
based on the calculation of a coherence matrix through the analysis of wave-
form coherence along hyperbolas with varying curvature and vertex positions
(Porras et al., 2024). We then use a convolutional neural network to classify
the coherence matrices, effectively distinguishing between seismic events and
noise.

The residual neural network is trained on a dataset comprising coher-
ence matrices derived from synthetic DAS data, which simulate events with
varying locations and focal mechanisms. To validate our methodology, we
applied it to data collected from a 90 km telecommunication fiber in the
Pyrenees, France, and a borehole fiber in an enhanced geothermal system in
Utah (FORGE experiment).

]. Porras, D. Pecci, G. M. Bocchini, S. Gaviano, M. De Solda, K. Tuinstra,
F. Lanza, A. Tognarelli, E. Stucchi, F. Grigoli, A semblance-based microseismic
event detector for DAS data, Geophysical Journal International, Volume 236,
Issue 3, March 2024, Pages 1716-1727, https://doi.org/10.1093/gji/ggae016

UniPisa thanks TotalEnergies (TE) for giving access to the data and
Febus Optic for the great support and involvement during the data acquisi-
tion phase.

POSTER 6

Passive Seismology in Urban Environments Using
Distributed Acoustic Sensing in Auckland, New Zealand
HOLLANDS, P., University of Auckland, Auckland, New Zealand,
patrick.hollands@auckland.ac.nz; VAN WIJK, K., University of Auckland,
Auckland, New Zealand, k.vanwijk@auckland.ac.nz; ADAM, L., University
of Auckland, Auckland, New Zealand, ladam@auckland.ac.nz; HANEEE,
S. M., Victoria University of Wellington, Wellington, New Zealand, shahna.
muhammadhaneef@vuw.ac.nz

We use data collected from two Distributed Acoustic Sensing (DAS) deploy-
ments in Auckland, New Zealand in conjunction with co-located and network
seismometers to detect and explore regional and teleseismic earthquakes. We
utilize unused network fiber (Dark Fiber) on the University of Auckland
communication network in the Auckland City centre. Data are recorded on
a 500 m long segment of the network that is co-located with an on-campus
educational seismometer and compared with nearby network seismometer
data. Our second deployment uses 1 km of directly emplaced tactical fiber
in a horizontal array that is collocated with a broadband three-component
seismometer in a semi-urban area. For the University of Auckland campus
deployment, the DAS array acts as a point receiver on the scale of seismic
wavelengths. Therefore, individual traces over the entire array are stacked
to provide optimal SNR. This approach also inherently filters out near field
effects from traffic, which are otherwise evident on the DAS data. Multiple
regional and teleseismic earthquakes are recorded that are identifiable with
DAS alone. Relatively poor P-wave arrivals are observed due to near-vertical
incidence, though S-wave and surface wave arrivals are clear. Seismic beam-
forming will be undertaken to evaluate the effectiveness of these DAS deploy-
ments in this regard. The second deployment is currently underway, and data
and results will be presented here.

POSTER 7

Using DAS and Seismometer Arrays to Analyze Strain for
Explosion Monitoring

ICHINOSE, G. A., Lawrence Livermore National Laboratory, California,
USA, ichinosel@llnl.gov; GOK, R., Lawrence Livermore National Laboratory,
California, USA, gokl@llnl.gov; AGUIAR, A. C., Lawrence Livermore
National Laboratory, California, USA, aguiarmoyal@llnl.gov; LIN, ],

Lawrence Livermore National Laboratory, California, USA, lin51@lInl.gov;
BARNO, J., Lawrence Livermore National Laboratory, California, USA,
barnol@llnl.gov; MYERS, S., Lawrence Livermore National Laboratory,
California, USA, myers30@lInl.gov; WALTER, W., Lawrence Livermore
National Laboratory, California, USA, walter5@lInl.gov

We used Distribute Acoustic Sensing (DAS) and seismic array data to either
measure or compute strain from earthquakes to enhance seismic monitor-
ing. We repurposed the 2016 PoroTomo experiment DAS and geophone
array datasets to compare the performance of array-based f-detector applied
to 2 weeks of continuous data. We find that the detection performance from
earthquake signals is similar using both sensor modalities; however, the wave
propagation estimates are poor for DAS likely due to the fiber’s broadside sen-
sitivity limitations. We show with simulations that changing the array design
will improve this limitation. We also found significant frequency dependent
differences between array derived strain and DAS that may limit seismic
methods that depend on signal coherency above 1 Hz.

We have applied a coda magnitude measurement method to DAS and
found good agreement between DAS and co-located geophone magnitude
estimates using PoroTomo and Sacramento Dark Fiber datasets. The coda
waves recorded from regional earthquakes have similar envelope shapes
between DAS and geophones. The benefit of the coda approach is the ability
to measure precise earthquake magnitudes without complete knowledge of
instrument and fiber response by using only a few prior calibration events.

We are performing a preliminary analysis of the 2023-10-18 Physics
Experiment-1A (PE1A) explosion triggered aftershocks at the Nevada
National Security Site. The 16.3-ton chemical explosion triggered 100’s of
microearthquakes within 24 hours only observed within ~500 m of the cav-
ity and was recorded on DAS collected by the PE1 Experiment Team. A high
percentage of approximately 650 aftershocks are singletons, i.e., not correlated
with any other waveform templates, suggesting their source mechanisms
may be from radial cracking in all directions observed in previous experi-
ments (Ichinose et al., 2021). Prepared by LLNL under Contract DE-AC52-
07NA27344. LLNL-ABS-864110.

POSTER 8

Resolving Asperity- and Barrier-like Fault Heterogeneity by
Back-Projection of High-Frequency Signals

KIM, T., California Institute of Technology, California, USA, tkim5@
caltech.edu; LI, J., California Institute of Technology, California, USA, jxli@
caltech.edu; LAPUSTA, N., California Institute of Technology, California,
USA, lapusta@caltech.edu; ZHAN, Z., California Institute of Technology,
California, USA, zwzhan@caltech.edu

Li et al. (2024) made a breakthrough in earthquake source characterization
by using back-projections of high-frequency recordings of the 2021 Antelope
Valley Mw 6.0 earthquake to resolve subevents of the main rupture. A fully
dynamic rupture model was able to reproduce the high-frequency signals as
abrupt changes in the rupture speed caused by patches of frictional and nor-
mal stress heterogeneity along the fault. In this study, we extend the model to
synthetic DAS signals to investigate the limit of what we can learn about the
dynamic nature of fault heterogeneities through seismological observations.
We compare synthetic DAS signals of rupture models that produce similar
moment-rate histories in lower frequency but differ in the strength of the het-
erogeneity. In particular, we observe the sensitivity to changes in the qualita-
tive behavior of the heterogeneous patches, from those that promote rupture
propagation (asperity) to those that slow it down (barrier). The models further
illuminate the mechanical origin of the high frequency signals and provide
valuable information regarding the feasibility of a dynamic inversion.

POSTER 9

Unmasking Traffic Noise: Unsupervised Denoising for
Distributed Acoustic Sensing (DAS) Data

KONIETZNY, S., Technical University of Dortmund, Dortmund, Germany,
sebastian.konietzny@tu-dortmund.de; LAI, V., Australian National
University, Canberra, Australia, voonhuilai@anu.edu.au; MILLER, M. S,
Australian National University, Canberra, Australia, Meghan.Miller@anu.
edu.au; TOWNEND, J., Victoria University of Wellington, Wellington, New
Zealand, john.townend@vuw.ac.nz; HARMELING, §., Technical University
of Dortmund, Dortmund, Germany, stefan.harmeling@tu-dortmund.de

Recent advances in sensing technologies, particularly Distributed Acoustic
Sensing (DAS) have enhanced the collection and analysis of seismologi-
cal data, and DAS has emerged as a powerful method for detecting vibra-
tions from earthquakes, subsurface phenomena, and other esoteric sources.
However, the vast amount of data produced by DAS necessitate the use of

22 | Photonic Seismology: Lighting the Way Forward Seismological Society of America 7-10 October 2024| Vancouver, BC



sophisticated analytical methods to differentiate between signals of interest,
such as those originating from earthquakes and vehicles.

We introduce a novel approach by extending the Noise2Self framework
of Batson and Royer to effectively remove unwanted, structured coherent
noise, particularly traffic signals, from DAS data. By creating a set of masks
based on the first-order characteristics of traffic signals, we isolate and pre-
serve earthquake signals while maintaining the denoising performance of the
original Noise2Self approach, which efficiently reduces noise without requir-
ing clean reference data. For a comprehensive evaluation of our approach, we
employed synthetic data, which was generated using seismic recordings from
closely spaced seismometers. We then applied our approach to data gathered
from a DAS array located near Haast, New Zealand, adjacent to the Alpine
Fault. For a comprehensive evaluation of our approach, we employed syn-
thetic data, which was generated using seismic recordings from closely spaced
seismometers, to validate our method under controlled conditions and after-
wards applied this technique to data gathered from a DAS array located near
Haast, New Zealand, adjacent to the Alpine Fault.

The results demonstrate that our model successfully removes traffic
noise, as well as other non-coherent noise while maintaining the integrity of
seismic signals, leading to an improvement in both Signal-to-Noise Ratio and
waveform coherence. Evaluations on real-world DAS data further substantiate
the robustness of our method, positioning it as a valuable tool for the analysis
of large-scale DAS datasets across a range of geoscientific applications, work-
ing towards near or real-time monitoring.

POSTER 10
Detection of Cement Grouting Induced Events in
Continuous Downhole Distributed Acoustic Sensing Data
using Machine Learning

KU, C., Academia Sinica, Taipei, Taiwan, backnew@earth.sinica.edu.tw; MA,
K., Academia Sinica, Taipei, Taiwan, fong@earth.sinica.edu.tw; HUANG,
H., Academia Sinica, Taipei, Taiwan, hhhuang@earth.sinica.edu.tw; LIN, C,,
Academia Sinica, Taipei, Taiwan, younaman@earth.sinica.edu.tw

Distributed Acoustic Sensing (DAS) is an innovative technology that trans-
forms standard single-mode optical fiber into an array of virtual sensors,
enabling the detection of acoustic signals along the entire optic fiber length.
DAS provides high temporal and spatial resolution and is easily deployable
in diverse environments. However, it exhibits distinct characteristics com-
pared to traditional seismometers, such as unknown ground coupling. The
Milun Fault Drilling and All-inclusive Sensing (MiDAS) Project in Taiwan
aimed to investigate fault zone behavior; a hole was drilled approximately 700
meters deep, and a downhole optical fiber was deployed for DAS. Cement was
promptly injected into the hole after deploying the downhole optical fiber for
better ground coupling in DAS data. Several specific events occurred at differ-
ent depths, observed by only a subset of DAS nodes. If these events were seis-
mic, they should be detected by all nodes along the downhole fiber. Therefore,
this study applies a machine learning method (YOLOv4) to downhole DAS
data to identify such events. After identifying the time and locations (depths)
of these events, it was discovered that they were related to grouting, with a
notable reduction in these events after the cement solidifies. This underscores
the advantages of DAS, characterized by its high temporal and spatial reso-
lution, and signifies the first reported instance of DAS capturing tiny events
during cement solidification.

POSTER 11
Shallow Imaging of the Alpine Fault Zone, New Zealand
Using Distributed Acoustic Sensing (DAS)

LAI V., Australian National University, Canberra, Australia, voonhui.lai@
anu.edu.au; MILLER, M. S., Australian National University, Canberra,
Australia, Meghan.Miller@anu.edu.au; TOWNEND, J., Victoria University of
Wellington, Wellington, New Zealand, john.townend@vuw.ac.nz

The Alpine Fault, which forms the boundary between the Pacific Plate and the
Australian Plate, poses substantial seismic hazard to southern New Zealand,
with magnitude ~8 earthquakes occurring on <300-year timescale, most
recently in 1717 CE. The 800 km long oblique continental transform fault is
divided into several geometrically-distinct segments with different kinematic
and seismogenic characteristics. The fault zone architecture is of particular
interest, as it is hypothesized to influence coseismic fault rheology and fluid-
rock interaction, which in turn affects local fault slip rates, moment release,
and rupture propagation patterns.

Resolving the fault zone architecture, including its geometry and veloc-
ity properties, requires high spatial resolution observations that can capture
multiple length scales, from meter-scale fault core to kilometer-scale damage
zone, and from the top few meters of the sedimentary layer to depths of sev-

eral kilometers within the dipping fault. Distributed acoustic sensing (DAS),
with its meter-spaced sensors spanning tens of kilometers of fiber optic cables,
provides a unique opportunity to investigate and image the shallow fault zone
architecture.

Here we present data and preliminary imaging results from SISSLE —
the South Island Seismology at the Speed of Light Experiment — which made
use of a DAS array running orthogonally across the surface trace of the Alpine
Fault near Haast, South Island, New Zealand. Analysis of local earthquakes
consistently reveals S-diffracted waves and P-wave multiples, consistent with
a southeast-dipping fault zone with an estimated width of approximately 400
m. We also observe a strong surface wave coda, attributed to a sedimentary
layer west of the fault. The shallow fault zone architecture is further delineated
using correlation and waveform modelling techniques. This high-resolution
view of the Alpine Fault zone architecture near a paleoseismologically recog-
nized segment boundary enhances our ability to assess seismic hazards and
inform mitigation strategies’ late in the faults typical interseismic phase.

POSTER 12
Construction of Horizontal Strain Array from DAS Sensor
LIN, C., Academia Sinica, Taipei, Taiwan, youngman@earth.sinica.edu.tw;
MA, K., Academia Sinica, Taipei, Taiwan, fong@earth.sinica.edu.tw; HUANG,
H., Academia Sinica, Taipei, Taiwan, hhhuang@earth.sinica.edu.tw; KU, C,,
Academia Sinica, Taipei, Taiwan, backnew@earth.sinica.edu.tw

DAS (Distributed Acoustic Sensing) technology provides an economical way
to deploy thousands of linear strain meters along the fiber cable. To fully uti-
lize the information of the strain field, at least three linear strain meters are
needed at the same site to obtain a horizontal strain tensor. Taking the oppor-
tunity by the redeployment of the surface fiber cable of the MiDAS (Milun
fault Drilling and All-inclusive Sensing project) at the end of 2022, three
components of fiber cable oriented at 0-45-90 degrees with cable length of
20 meters each were deployed on the surface. This allows us to compute the
full strain tensor from the three arms of the fiber cable, rotating the surface
strains into a radial-transverse coordinate system. Together with a collocated
3-axis seismometer and 3-axis rotation sensor, 10 components of the elastic
wavefield can be achieved. In this study we merge the strain, rotation, and
seismometer measurements at the same station and investigate if we could
determine the direction of wave propagation and phase velocity for specific
wave type from the combination of these measurements.

POSTER 13

Distributed Acoustic Sensing Data Denoising with Deep
Learning

LIN, J., Lawrence Livermore National Laboratory, California, USA, lin51@lInl.
gov; ICHINOSE, G. A., Lawrence Livermore National Laboratory, California,
USA, ichinosel@llnl.gov; AGUIAR, A. C., Lawrence Livermore National
Laboratory, California, USA, aguiarmoyal@llnl.gov; EXPERIMENT TEAM,
P, Lawrence Livermore National Laboratory, California, USA, lin51@lInl.gov

Distributed acoustic sensing (DAS) data provide detailed strain informa-
tion with higher spatial and temporal resolution compared to seismic sen-
sors. Due to its large data size and the overlapping noise with the signal of
interest, denoising using traditional approaches poses challenges, particularly
in real-time monitoring applications. Here, we propose a deep learning 2D
CNN U-Nets model for DAS data denoising based on real and synthetic DAS
data. We test this approach using the PoroTomo DAS data set, employing one
week of continuous DAS data for model training. Once trained, the model
processes groups of DAS time series data as 2D images, significantly reducing
computation time. Our results show that the model can learn the spatial and
temporal coherence of DAS data, which enhances the SNR of noisy channels.
Comparison of our results with those derived from co-located geophones
demonstrates good agreement. Furthermore, our preliminary analysis of the
model generalization test with the Physics Experiment-1A (PE1) chemical
explosion data set from the Nevada National Security Site (Myers et al., 2024)
shows that the model is generalizable and can be applied to other DAS data
sets without significant transfer learning.

This Low Yield Nuclear Monitoring (LYNM) research was funded by the
National Nuclear Security Administration, Defense Nuclear Nonproliferation
Research and Development (NNSA DNN R&D). The authors acknowledge
important interdisciplinary collaboration with scientists and engineers from
LANL, LLNL, NNSS, PNNL, and SNL. PE1 Experiment Team (Lawrence
Livermore National Laboratory report, LLNL-TR-864107).

This work was performed under the auspices of the U.S. Department
of Energy by Lawrence Livermore National Laboratory under Contract
DE-AC52-07NA27344. LLNL-ABS-864246.
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PYROS: A Python Framework for Modeling DAS Data
PECCI, D., University of Pisa, Grosseto, Italy, davide.pecci@phd.unipi.
it; HEIMANN, S., University of Potsdam, Potsdam, Germany, sebastian.
heimann@uni-potsdam.de; CESCA, S., GFZ Potsdam, Potsdam, Germany,
cesca@gfz-potsdam.de; GRIGOLLI, E, University of Pisa, Pisa, Italy, francesco.
grigoli@unipi.it

The advent of fiber optics technology for seismic data acquisition marks a
pivotal moment in contemporary seismology. Nowadays Distributed Acoustic
Sensing (DAS) is becoming widely employed in different seismological con-
texts and applications such as passive seismic imaging, characterization of
seismic sequences, and induced seismicity monitoring, especially concerning
Enhanced Geothermal Systems (EGS) and Carbon Capture Storage (CCS)
operations, among others. The main advantage of DAS consists of its capa-
bility to collect data in logistically challenging sites such as volcanic areas or
the sea bottom and/or in adverse environmental conditions (such as deep
geothermal borehole installations) that are prohibitive for the deployment of
conventional seismic sensors. Although promising, DAS technology poses
new challenges to the seismological community, the main one is related to
the massive data volumes it generates, posing practical obstacles for current
data storage and analysis infrastructures. Also for this reason, public domain
datasets remain relatively limited compared to classical seismological datasets,
being an obstacle to the development of dedicated data analysis methodolo-
gies able to exploit the characteristics of DAS data. To address this challenge,
we propose a methodology developed within the Pyrocko framework to
generate synthetic DAS data. Our approach essentially consists of adapting
the reflectivity method (e.g., QSEIS) for 1D Green’s functions generation to
compute synthetics strain or strain/rates traces, simulating DAS acquisition
for different geometries. We first compare our results with the synthetics gen-
erated using other commercial software. Finally, we compare our synthetics
with the real DAS recordings collected at the Forge EGS site in Utah (USA).
To enhance the realism of our synthetics, we stochastically simulate the DAS
noise characteristic of the Forge site and add it to the synthetic traces. This
method will facilitate the development and testing of novel methodologies for
DAS data analysis.

POSTER 15

Evaluation of Passive Source DAS Methods on the Source
Physics Experiment Phase Il

PORRITT, R., Sandia National Laboratories, New Mexico, USA, rwporri@
sandia.gov; STANCIU, C., Sandia National Laboratories, New Mexico, USA,
astanci@sandia.gov; LUCKIE, T., Sandia National Laboratories, New Mexico,
USA, twlucki@sandia.gov; ABBOTT, R. E., Sandia National Laboratories,
New Mexico, USA, reabbot@sandia.gov

Distributed Acoustic Sensing (DAS) is an emerging technology capable
of recording the acoustic wavefields at unprecedented spatial resolution.
However, this new tool requires significant refinements before it becomes
operational for explosion monitoring objectives. Recent studies have shown
significant development of array processing with DAS data. In this contribu-
tion we explore three such array processing methods: including DAS strain-
rate data versus geophone measured ground motion, beamforming for event
parameters, and machine learning based denoising. We first validate the
methods on published results and then apply them to high SNR data from the
Source Physics Experiment Phase II. We further investigate these methods as
a function of DAS array design and SNR through the use of synthetic signals
and noise.also investigate DAS array design by applying these methods to syn-
thetic signals and noise.

The Source Physics Experiment (SPE) would not have been possible with-
out the support of many people from several organizations. The authors wish
to express their gratitude to the National Nuclear Security Administration,
Defense Nuclear Nonproliferation Research and Development (DNN R&D),
and the SPE working group, a multi-institutional and interdisciplinary group
of scientists and engineers.

SNL is managed and operated by NTESS under DOE NNSA contract
DE-NA0003525

POSTER 16

Numerical Investigations of the Potential of Joint Source-
Structural Full Waveform Inversion (FWI) Using DAS Arrays
SHIMONY, E., Tel Aviv University, Tel Aviv, Israel, eyalshimony@mail.tau.
ac.il; LELLOUCH, A., Tel Aviv University, Tel Aviv, Israel, ariellel@tauex.tau.
ac.il

In the context of inverse problems, the high spatial density of DAS measure-
ments significantly enlarges the data space, potentially allowing for the esti-
mation of larger parts of the model space while keeping the inverse problem
well-constrained. Although Full Waveform Inversion (FWI) is naturally for-
mulated with both earthquake source parameters and structural parameters as
the model space, such a formulation is usually not well-constrained. In prac-
tice, inversions target either structural or source parameters, with the other
estimated separately and kept constant throughout the inversion. However,
this approach could introduce non-linear errors in the inverted parameters.

Leveraging the increased data space, we investigate the possibility of
performing joint FWT of both source and structural parameters. We generate
a synthetic dataset that includes DAS recordings of two events in a represen-
tative regional seismology scenario. The DAS array consists of two surface
linear fibers, one surface circular fiber, and two boreholes, each 2 km deep.
The underlying 3-D Earth structure includes lateral variations. As a starting
model, we only use a 1D version of the velocity model, and no information
about the sources.

We use an L-BFGS-based FWI to jointly invert for the source parameters
of two earthquakes and for the 3-D structure. We use the phase misfit as the
objective function and, to maximize the data space, we add a normalized enve-
lope misfit to it. The scale differences between the parameters are addressed
by using a diagonal approximation for solving the secant equation of L-BFGS
instead of the commonly used scaled identity matrix. Due to the low number
of simulated events, we can only aim to recover an effective velocity model
that will improve the estimation of location, origin time, and moment tensor
of the events. Using the proposed algorithm, we achieve a reduction of more
than 70% in the errors of the source parameters compared to the initial esti-
mations. This study can be expanded for inversions with a higher number of
events to estimate structural parameters.

POSTER 17
Downhole DAS for Induced Seismicity and Reservoir
Monitoring in the Groningen Gas Field

STORK, A. L., Silixa, Bristol, United Kingdom, anna.stork@silixa.com;
ZHOU, W.,, Utrecht University, Utrecht, New Zealand, w.zhou@uu.nl; VAN
ELK, J., Nederlandse Aardolie Maatschappij, Assen, Netherlands, jan.van-
elk@shell.com

Monitoring induced seismicity and reservoir properties are critical for man-
aging seismic risk and production in various subsurface operations, includ-
ing oil and gas exploration, geothermal energy, and CO2 sequestration.
Downhole Distributed Acoustic Sensing (DAS) is an emerging, cost-effective,
and long-term monitoring tool. Previously applied in microseismicity moni-
toring for hydraulic fracturing, DAS is now being explored for large-scale res-
ervoir monitoring.

This study presents a DAS measurement conducted in the Groningen
gas field, Netherlands. We interrogated an optical fiber partially cemented
behind the casing along a deviated well (~3,800 meters), using a 10-meter
gauge length and 1-meter sampling spacing. In this configuration, most traces
achieved a low self-noise floor between 0.1 and 30 Hz.

We developed a frequency-wavenumber domain event detector that
successfully identified events with local magnitudes (ML) as low as 0.6 at
an epicentral distance of 9 km and the furthest event at 30 km with ML 1.1.
Smaller uncataloged events are also detected.

Analyzing those events suggests that the amplitude difference between
upgoing and surface-reflected waves is influenced by well deviation
geometry,event azimuths, and incidence angles. This indicates that amplitude
changes may be useful for earthquake characterization. Notably, we observe
no clear signal amplitude or noise level changes from cemented to unce-
mented well sections. Moreover, comparing strain rate amplitude with P-wave
velocity data from well logs revealed a clear anti-correlation,suggesting the
possibility of deriving seismic properties from DAS amplitude measure-
ments. Additionally, we applied hybrid noise interferometry between seis-
mometer and DAS channels, retrieving signals that hold promise for reservoir
monitoring.
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POSTER 18

Earthquake Location With Distributed Acoustic Sensing
(DAS) Using Beamforming and Phase Arrival Time
Differences

BEN-ZEEYV, S., Hebrew University of Jerusalem, Jerusalem, Israel, shahar.
benzeev@mail.huji.ac.il; LIOR, I., Hebrew University of Jerusalem, Jerusalem,
Israel, itzhak lior@mail huji.ac.il

Beamforming is a well-established method to identify the direction (back-azi-
muth) and slowness of seismic waves relative to a seismic array. DAS is essen-
tially a very dense and potentially large-aperture array whose measurements
exhibit unique features compared to conventional arrays. Namely, commercial
optic fibers tend to have linear geometries, resulting in ambiguous back-azi-
muth results. Here we show an earthquake epicenter location method, using
beamforming and phase arrival times differences, both calculated on the
DAS native strain-rate data. We divide a 66 km-long fiber into shorter over-
lapping segments (~5 km) and perform segment-wise beamforming in the
time domain quantified using semblance, a cross-channel coherency measure.
Each segment produces a single beam of back-azimuth estimate. We demon-
strate that even if a single beam indicates ambiguous results, the directional
ambiguity is resolved by the intersection of many single beams originating
from various orientations relative to the source. Furthermore, we show that
the semblance-driven beamforming can be used as a phase picker, constrain-
ing the distance to the source using P to S phase arrival time differences. We
validate the method using DAS records of several local earthquakes. This work
demonstrates that a sufficiently large aperture fiber, divided into segments,
facilitates earthquake location via the intersection of several beams, combined
with phase arrival times difference. The proposed time-domain beamform-
ing implementation is easily applicable for earthquake early warning to both
detect and locate earthquakes.

POSTER 19

Developing Local to Near-regional Distance Explosion
Monitoring Capabilities Using Distributed Acoustic Sensing
(DAS)

DELBRIDGE, B. G., Los Alamos National Laboratory, New Mexico, USA,
delbridge@lanl.gov; VIENS, L., Los Alamos National Laboratory, New
Mexico, USA, lviens@lanl.gov; MCLAUGHLIN, J. M., New Mexico Institute
of Mining and Technology, New Mexico, USA, john.mclaughlin@student.
nmt.edu; LOUNG, L., New Mexico Institute of Mining and Technology, New
Mexico, USA, locluong@student.nmt.edu; BILEK, S., New Mexico Institute
of Mining and Technology, New Mexico, USA, susan.bilek@nmt.edu

The high-fidelity, and broadband measurements provided by Distributed
Acoustic Sensing (DAS) over an extended spatial domain has been shown to
be capable of characterizing both traditional seismic sources such as earth-
quakes, as well as aerial sources such as bolides. DAS measurements can pro-
vide seismic observations which rival those of traditional seismic arrays, while
simultaneously providing enhanced constraints on both the atmospheric
acoustic and infrasound wavefield, making these measurements uniquely well
suited to examine near-surface seismo-acoustic sources such as volcanic erup-
tions and chemical explosions. In this study, we analyze DAS data collected at
local to near-regional distances (e.g., ~12 km) from a near surface chemical
explosion test series which occurred in May 2024 near Socorro, NM, and con-
sisted of 4 one-ton TNT equivalent shots followed by a 10-ton TNT equivalent
shot. The one-ton shots occurred in two pairs separated by several hours, and
with each shot comprising a pair occurring with a spatial separation of <100
m and a time delay of several minutes. The 10-ton shot occurred a few hours
later at a location several kilometers away from the 1-ton shots. The DAS data
captured both seismic and acoustic waves from all the explosions. This experi-
ment provides a crucial demonstration of the capabilities and constrains of
DAS to record surface explosions at local to near-regional distances.

POSTER 20
Machine-Learning Based Techniques Enabling Real-time
Monitoring of Induced Seismicity in Offshore CO2
Sequestration Sites

FARRIS, S., X, the Moonshot Factory, California, USA, stuartfarris@google.
com; REBEL, E., TotalEnergies, Paris, France, estelle.rebel@totalenergies.com;
GUILLON, S., TotalEnergies, Paris, France, sebastien.guillon@totalenergies.

com; VERNIER, J., CVA Engineering, TotalEnergies, Paris, France, jerome.
vernier@external.totalenergies.com; SMITH, K., X, the Moonshot Factory,
California, USA, smithke@google.com; GONCHARUK, A., X, the Moonshot
Factory, California, USA, artemgoncharuk@google.com; CLAPP, R,, X, the
Moonshot Factory, California, USA, clapp@google.com; RAGHAVAN, A, X,
the Moonshot Factory, California, USA, aparajit@google.com; LOOL, S., X,
the Moonshot Factory, California, USA, shiangyong@google.com; RATRE, P,
X, the Moonshot Factory, California, USA, pranshur@google.com

Safe carbon sequestration requires a cost-effective and robust monitoring
system that can detect induced seismicity and track the CO2 plume in the
subsurface. The largest proposed CO2 sequestration sites are located offshore
in marine settings. In such environments, distributed acoustic sensing (DAS)
offers a low-cost alternative with added advantages of higher spatial sampling,
real-time data acquisition and processing capabilities, and better offshore
azimuthal coverage compared to land-based seismometers. The high spatial
resolution of DAS allows for distinguishing between seismic events and cul-
tural noise, but leads to a high volume of data being recorded. High sensitivity
requirements for monitoring CO2 sequestration in presence of significant cul-
tural noise render traditional techniques like STA/LTA impractical for detect-
ing earthquakes.

In this study we show significant advancements in earthquake and
microseismic event detection using a novel machine learning based approach
on subsea DAS data. We use cable-specific advanced denoising techniques and
a three-class classification neural network to detect and differentiate between
seismic events, cultural noise, and background noise. Due to a lack of labeled
data, we start from a pre-trained ImageNet model and fine-tune a fraction of
the weights. Our ML approach involves active learning to improve our models
over time by iteratively detecting and adding more labeled training data in
each class. Our detection system exhibits enhanced sensitivity in detecting
faint earthquakes along with a dramatic reduction in false positive triggers.
We further tested our system on another subsea fiber, with both different
geology and natural seismicity rates, without retraining the ML model. Our
preliminary results show that the detection system trained on one fiber can be
used to detect new events on a different fiber and jumpstart the active learning
process. Furthermore, the system can be deployed remotely with consumer
grade hardware enabling a cost-effective, real-time detection system.

POSTER 21
Integrating DAS Seismic Data into the National Earthquake
Monitoring at the Swiss Seismological Service

MASSIN, E., Swiss Seismological Service, ETH Zurich, Zurich, Switzerland,
fmassin@ethz.ch; EDME, P, Swiss Seismological Service, ETH Zurich, Zurich,
Switzerland, pascal.edme@erdw.ethz.ch; CLINTON, J., Swiss Seismological
Service, ETH Zurich, Zurich, Switzerland, jclinton@sed.ethz.ch

We explore the integration of Distributed Acoustic Sensing (DAS) seismic
data into the standard processing system used by the Swiss Seismological
Service (SED) for national monitoring. Using temporary DAS deployments
across Switzerland, we have incorporated DAS data in the existing monitoring
infrastructure based on SeisComP to enhance the accuracy and efficiency of
seismic monitoring across the Swiss national network. Our approach is based
on spatial and temporal decimation and the conversion of native data into
strain and velocity data in miniseed format with associated metadata in FDSN
station-XML format ready for integration alongside existing seismic data in
SeisComP. We will present examples of standard manual event analyses, dem-
onstrating how DAS data can be effectively used alongside traditional seismic
data. We discuss our approach for DAS channels for picking, locating and
magnitude estimation. These examples will demonstrate the improved resolu-
tion capabilities offered by DAS technology. Additionally, we will discuss the
results of real-time processing tests that include both DAS data and traditional
data from the Swiss national network. The presentation will conclude with a
discussion of the challenges encountered during the integration process and
future steps for further improving the use of DAS technology in seismic moni-
toring, with a view towards EEW.

POSTER 22
Toward Automatic Avalanche Detection With Distributed-
Acoustic-Sensing, Leveraging Telecommunication
Infrastructure

EDME, P, ETH Zurich, Zurich, Switzerland, pascal.edme@erdw.ethz.
ch; PAITZ, P, ETH Zurich, Zurich, Switzerland, patrick.paitz@wsl.ch;
FICHTNER, A., ETH Zurich, Zurich, Switzerland, andreas.fichtner@erdw.
ethz.ch; VAN HERWIJNEN, A., Swiss Federal Institute for Forest, Snow and
Landscape Research, Zurich, Switzerland, vanherwijnen@slf.ch; WALTER,
E, Swiss Federal Institute for Forest, Snow and Landscape Research, Zurich,
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Switzerland, fabian.walter@wsl.ch; MASSIN, E, ETH Ziirich, Ziirich,
Switzerland, frederick.massin@sed.ethz.ch

Snow avalanches pose significant threats in alpine regions, leading to consid-
erable human and economic losses. The ability to promptly identify the loca-
tions and timing of avalanche events is essential for effective prediction and
risk mitigation. Conventional automatic avalanche detection systems typically
rely on radars and/or seismo-acoustic sensors. While these systems operate
successfully regardless of weather conditions, their coverage is often confined
to a single slope or a small catchment (distances < 3 km).

In our study, we demonstrate the feasibility of detecting snow avalanches
using Distributed Acoustic Sensing (DAS) through existing fiber-optic tele-
communication cables. Our pilot experiment, conducted over the 2021/2022
winter, involved a 10km long fiber-optic dark cable running parallel to the
Fliielapass road in the eastern Swiss Alps close to Davos. The DAS data reveal
distinct evidence of numerous dry- and wet-snow avalanches, even when they
do not reach the cable, as confirmed photographically. We show that ava-
lanches can be distinguished from other signals (e.g., vehicle traffic) using a
frequency-dependent STA/LTA attribute, enabling their detection with high
spatiotemporal resolution. These findings pave the way for cost-effective and
near-real-time avalanche monitoring over extensive distances, leveraging
existing fiber-optic infrastructure.

POSTER 23

Assessing Distributed Acoustic Sensing Strain-Rate
Waveform Statistics for Improving Earthquake Early
Warning

SAWI, T. M., U.S. Geological Survey, California, USA, tsawi@ldeo.columbia.
edu; MCGUIRE, J., US. Geological Survey, California, USA, jmcguire@
usgs.gov; YOON, C., U.S. Geological Survey, California, USA, cyoon@usgs.
gov; BARBOUR, A., U.S. Geological Survey, Washington, USA, abarbour@
usgs.gov; YARTSEV, V., Luna Innovations, Virginia, USA, victor.yartsev@
lunainc.com; KARRENBACH, M., Seismics Unusual, California, USA,
martinkarrenbach@gmail.com; STEWART, C., California State Polytechnic
University, Humboldt, California, USA, connie.stewart@humboldt.edu;
HEMPHILL-HALEY, M., California State Polytechnic University, Humboldt,
California, USA, mark.hemphill-haley@humboldt.edu; MCPHERSON, R,
California State Polytechnic University, Humboldt, California, USA, robert.
mcpherson@humboldt.edu; STOCKDALE, K., California State Polytechnic
University, Humboldt, California, USA, kari.stockdale@humboldt.edu

DAS seismology offers new opportunities for earthquake early warn-
ing (EEW) as existing “dark fibers” are used as dense linear arrays of strain
meters. Here, we examine the statistical features of DAS measurements of the
first few seconds after P-wave arrivals from small-to-moderate local earth-
quakes for applications to EEW. Our data are from a 15-km long fiber onshore
between Arcata and Eureka near the Mendocino Triple Junction in Northern
California, where a M6.4 occurred about 30 km away, near Ferndale, on
December 20, 2022. We analyze 5 months of local seismicity following the
2022 Ferndale event, including 12 M>4 events and one M5.4 on January 1,
2023. We calculate DAS waveform statistics before and after P-wave arriv-
als for the purpose of designing a DAS-based “tripwire” alert mechanism for
EEW for nearby large earthquakes, thus expanding EEW coverage wherever
dark fibers are available. We identify 70 two-minute-long DAS records of local
earthquakes using the Comcat event catalog and an automatic phase picker
(PhaseNet-DAS; Zhu et al.,, 2023), and analyze their statistical features in
both time and frequency domains in the ten seconds before and four seconds
after a P wave is detected across a spatial segment of the fiber. We find that
some features correlate with catalog magnitude including continuous wave-
let transform coefficients, short-term average/long-term average (STA/LTA)
ratios, and strain-rate amplitudes, and are largely independent of distance and
azimuth. We suggest that near-field terms which are thought to be character-
istic of large, but not small, rupture processes, may help broadly distinguish
between large and small earthquakes on DAS fibers, thus improving our abil-
ity to characterize potentially hazardous earthquakes in a timely and effective
manner.

POSTER 24
Utility of Distributed Acoustic Sensing for Locating Seismic
Events Over Multiple Distance Ranges

THURBER, C., University of Wisconsin, Madison, Wisconsin, USA,
cthurber@wisc.edu; ZENG, X., Chinese Academy of Sciences, Wuhan,
China, zengxf@whigg.ac.cn; WANG, H., University of Wisconsin, Madison,

Wisconsin, USA, hfwang@wisc.edu; FRATTA, D., University of Wisconsin,
Madison, Wisconsin, USA, fratta@wisc.edu

Two of the big advantages of Distributed Acoustic Sensing (DAS) systems
stem from its use of fiber optic cables that are either purpose-deployed (in
boreholes, mines, surface trenches, buildings, etc.) or pre-existing (e.g.,
unused telecommunication or “dark” fiber) and its ability to make observa-
tions along many kilometers of these cables with sensing separations as small
as one meter. An important question for seismologists is to what degree DAS
systems are useful for monitoring seismic events. We examine various cases of
DAS for locating seismic events over multiple distance ranges, from hundreds
of meters to thousands of kilometers. Some of the cases we examine include
determining seismic event locations at a geothermal field and in an aftershock
sequence at scales from hundreds of meters to tens of kilometers and estimat-
ing wave arrival azimuth and incidence angle at near regional, far regional,
and teleseismic distances. Even for non-ideal geometries, DAS arrays show
promise for contributing to seismic event monitoring over multiple distance
scales.

POSTER 25
Real-Time Monitoring of Centrifuge Operational Status
and its Impact on Surrounding Structures Using
Distributed Acoustic Sensing (DAS)

WU, P, Tsinghua University, Beijing, China, wup23@mails.tsinghua.edu.
cn; GU, C., Tsinghua University, Beijing, China, guchch@tsinghua.edu.
cn; ZHONG, Y., Tsinghua University, Beijing, China, zhongyc22@mails.
tsinghua.edu.cn; CHENG, X, Tsinghua University, Beijing, China, chengxh@
tsinghua.edu.cn; YUAN, Z., Tsinghua University, Beijing, China, yuan-z20@
mails.tsinghua.edu.cn; CHEN, Z., Tsinghua University, Beijing, China,
zhuoyu-c21@mails.tsinghua.edu.cn

Monitoring large indoor equipment like centrifuges, which are dynamic
vibration sources, is crucial for assessing their operational status and the effect
on surrounding structures in real-time. Traditional methods, which utilize
numerous built-in sensors, can impede equipment performance. In this study,
we introduce a Distributed Acoustic Sensing (DAS)-based method to monitor
a basement-located centrifuge in real-time. We conducted an indoor experi-
ment where the centrifuge’s rotational speed was controlled in a step-wise
manner: starting at 100 rpm and increasing through steps of 200, 350, 450, to
a peak of 580 rpm, before sequentially reducing back to 100 rpm and halting.
The monitoring utilized a three-dimensional DAS array with a 1.2 km fiber-
optic cable that spanned the building from a concrete raft foundation in the
basement, through the courtyard buried beneath the surface, and up to the
roof, secured along building floors with plastic tapes.

Spectral analysis of the DAS data pinpointed key dynamics of the
centrifuge and responses of the building structure. As the rotational speed
increased, corresponding elevations in fundamental frequencies (calculated
as rpm/60 Hz) and their harmonics (integer multiples of the fundamental
frequencies) were observed, becoming more pronounced at higher speeds.
These observations are crucial as they indicate increased energy outputs and
complex vibrational behaviors at elevated operational speeds. Additionally,
a notable frequency folding effect at 1000 Hz highlighted the limitations of
the sampling rate, resulting in the mirroring of frequencies that exceed this
threshold.

These findings underscore the effectiveness of DAS techniques not only
in monitoring the health of equipment like centrifuges but also in providing
critical data on how such equipment impacts building vibrations. The abil-
ity of DAS to capture high-resolution data across a large spatial array makes
it an invaluable tool in both industrial applications and structural health
monitoring, potentially leading to more proactive and predictive maintenance
strategies.

Sensing Technologies and their Latest Developments
[Poster]
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POSTER 27
Calibrating Strain Measurements: A Comparative Study of
DAS, Strainmeter, and Seismic Data

CHIEN, C., University of California, San Diego, California, USA, cchien@
ucsd.edu; LIPOVSKY, B. P, University of Washington, Washington, USA,
bpl7@uw.edu; WINEBRENNER, D., University of Washington, Washington,
USA, dpw@uw.edu; HOLLBERG, L., Stanford University, California, USA,
leoh@stanford.edu; ZUMBERGE, M., University of California, San Diego,
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California, USA, mzumberge@ucsd.edu; GERSTOFT, P, University of
California, San Diego, California, USA, pgerstoft@ucsd.edu; MELLORS,
R., University of California, San Diego, California, USA, rmellors@ucsd.
edu; HATFIELD, W., University of California, San Diego, California, USA,
whatfield@ucsd.edu

Distributed Acoustic Sensing (DAS) measures strain along an optical fiber at
specific intervals. Although converting DAS strain into ground units seems
straightforward, practical implementation can result in coupling and instru-
ment response errors. To address this, we compared DAS strain measure-
ments with total strain from an optical fiber strainmeter (OFS) within the
same cable. We also simulated strain using single-point velocity measure-
ments from a nearby broadband STS2 seismometer.

Our study includes both field and lab experiments. In the field, DAS and
OFS were deployed together on Whidbey Island, Washington, on land and
beneath a shallow waterway. We used a teleseismic event recorded by DAS and
converted it to total strain by stacking recordings from each channel. The inte-
grated DAS strain data were then compared with OFS measurements, show-
ing highly similar waveforms, nearly identical amplitudes, and a correlation
coefficient above 0.95. Strain simulations from seismic velocity also showed
consistency with offshore recordings, though with an amplitude factor of ~2.5,
suggesting imperfect coupling between the fiber and the ground.

In the lab, we introduced a new method for evaluating DAS amplitude
response using DAS and OFS. This method employs a piezoelectric sensor to
generate ground truth strain, avoiding biases from natural earthquakes. Lab
findings indicated a -3.2 dB decrease in DAS recorded amplitude at low fre-
quencies (0.01 Hz), emphasizing the need for amplitude calibration in such
studies.

Our investigation of underwater signals revealed a strong correlation
with tide speed, with signals concentrated around slope turning points on
the eastern side. This localization was achieved by calculating the coherence
between DAS and OFS recordings, providing insight into the unknown source
of these underwater signals.

POSTER 28

Monitoring Blasting Operations at the Sanford
Underground Research Facility (SURF) Using a Three-
dimensional Distributed Acoustic Sensing (DAS) Array
FRATTA, D., University of Wisconsin, Madison, Wisconsin, USA, fratta@
wisc.edu; CUNNINGHAM, E., Oak Ridge National Laboratory, Tennessee,
USA, cunninghamee@ornl.gov; LORD, N., University of Wisconsin,
Madison, Wisconsin, USA, lord@geology.wisc.edu; WANG, H., University of
Wisconsin, Madison, Wisconsin, USA, hfwang@wisc.edu

At the Sanford Underground Research Facility (SURF) in Lead, SD, we
deployed a three-dimensional Distributed Acoustic Sensing (DAS) array at
the 4550-foot level, with sections extending from the 4100-foot level towards
the 4850-foot level using the old mine’s ramps and shafts. In May 2022 and
February 2023, we illuminated the array with an OptaSense ODH-4 interro-
gator. Over the two deployments, we recorded seismic signals from up to 100
blasts triggered while the facility constructed three utility caverns for Physics
experiments at the 4850-foot level. Those seismic records captured the effects
of different blasting charges and sequences, directivities of sources, attenua-
tion, and different rock-to-fiber couplings. As the location and characteris-
tics of the blasts advance across the utility caverns, we interpret the signals to
characterize the blasting operations and qualify how a three-dimensional DAS
array can evaluate mining and excavation operations.

POSTER 29

Quaternion Processing of 3C Rotational Motion Based on
FOGs

JIAN, Y., China University of Geoscience, Beijing, Beijing, China, jian__
yf@163.com; WANG, Y., China University of Geoscience, Beijing, Beijing,
China, wangyun@mail.gyig.ac.cn; WANG, C., Chinese Academy of Sciences,
Guiyang, Guiyang, China, wangchao@mail.gyig.ac.cn; SHAO, Q., China
University of Geoscience, Beijing, Beijing, China, 1871546259@qq.com

Among the various types of rotational seismometers, fiber optic gyroscopes
(FOG) have become the most widely used and promising rotational seismom-
eters due to their portable size, high sensitivity and wide measurement fre-
quency range. At present, the main processing method for three-component
FOG data is to process each component separately. However, this approach
ignores the correlation between the components, which may lead to loss of
some vector wavefield information. Thus, there is an urgent need for multi-
component vector methods to process different components simultaneously,
which can fully utilize the inherent correlations in different components, bet-

ter preserving the vector wavefield characteristics of the signal. Quaternion,
as an excellent mathematical tool, can fully express the linear and nonlinear
characteristics of multi-component data. By placing the three components
of FOG onto the three imaginary parts of pure quaternion and then using
quaternion algebra, it is possible to achieve joint vector processing of 3C rota-
tional seismic data.

When analyzing the low-frequency passive source signals from differ-
ent types of FOG, it is observed that there is a prevalent presence of strong
harmonic noise in three components. Analysis reveals that the fundamental
frequency of this harmonic is positively correlated with the mean of the data,
suggesting that it may be caused by the modulation process of the FOG. These
harmonic noises will interfere the identification of seismic events. In order to
suppress harmonic noises, various denoising methods are attempted, among
which the quaternion vector filter methods have shown better performance
and the higher efficiency.

POSTER 30
Ocean Space Surveillance Using Distributed Acoustic
Sensing on Submarine Networks

MORTEN, J., Alcatel Submarine Networks Norway, Trondheim, Norway, jan_
petter.morten@asn.com; BAIRD, A., NORSAR, Oslo, Norway, alan.baird@
norsar.no; BJORNSTAD, S., Tampnet, Stavanger, Norway, sbj@tampnet.com

Technology developments have realized long-range distributed acoustic sens-
ing (DAS) that can coexist with transmission in submarine telecommunica-
tion networks. The fiber optic cable measurements can be used for multiple
purposes contributing to enhancing environment and hazard monitoring, and
resilient societies. The seismology community has rapidly adopted the tech-
nology to improve earthquake monitoring and early warning capabilities, and
the enhanced marine data coverage is advancing ocean sciences.

In this presentation we will focus on surveillance using submarine cables.
We have carried out long-term monitoring on a Southern North Sea telecom
cable. During a three-year period, we have detected and analysed regional
impulsive source events from sources located in the water column, onshore
and in the air. The recordings show clear arrivals of seismic, hydroacoustic
and infrasound waves. The long propagation range and sensitivity on the fiber
optic cable measurements show that by instrumenting only a few cables, it is
possible to achieve a coastline-scale surveillance capacity.

The observations from underwater detonation of ordnance, and onshore
blasts show that it is possible to augment the seismometer-based networks
for regional explosion monitoring. The signal characteristics also show how
it is possible to determine the type of source to quickly assess an event and
contribute to situational awareness.

We discuss how a real-time processing system can extract important
event parameters. Source localization is limited by the single-component
nature of the data. However, curvature in the cable path can be exploited since
cable sections with different orientations are sensitive to different parts of
the wavefield. Moreover, it is feasible to instrument multiple cables thereby
achieving area coverage from simultaneous and coordinated interrogation on
linear cables.

POSTER 31

Full-Waveform Inversion with Distributed and Integrated
Strain Sensing for Complex Cable Geometries

NOE, S., ETH Zurich, Zurich, Switzerland, sebastian.noe@erdw.ethz.ch;
TUINSTRA, K., ETH Zurich, Zurich, Switzerland, katinka.tuinstra@sed.
ethz.ch; KLAASEN, S., ETH Zurich, Zurich, Switzerland, sara.klaasen@erdw.
ethz.ch; KRISCHER, L., Mondaic AG, Zurich, Switzerland, lion.krischer@
mondaic.com; FICHTNER, A., ETH Zurich, Zurich, Switzerland, andreas.
fichtner@erdw.ethz.ch

Full-Waveform Inversion (FWI) is a powerful imaging technique with the
potential to produce high-resolution models, typically on the basis of tradi-
tional seismometer recordings. The emergence of fiber-optic sensing opens
the opportunity to capture the seismic wavefield with meter-scale channel
spacing. However, as fiber-optic sensing measures one-dimensional strain
over a line segment instead of displacement, the forward and adjoint formula-
tions in FWI need adaptation.

This study presents theoretical and computational developments for
FWI applied to distributed acoustic sensing (DAS) and integrated strain
sensing in 3D for complex cable geometries. We perform numerical simula-
tions using Salvus, a spectral element wave propagation solver that accounts
for surface topography, water layers and visco-elastic/acoustic rheologies. In
addition to arbitrary cable geometries, our forward modelling accounts for
the gauge length, as well as direction- and curvature-dependent sensitivity.
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To solve inverse problems, we present the formulation for adjoint
sources for strain measurements. Using a synthetic dataset with coherent
noise, we jointly invert waveforms measured on a curved DAS-interrogated
cable placed on strong topography for seismic source parameters and the
3D wave speed distribution. Initially, we iteratively update the source loca-
tion, time, and moment tensor to enhance the time-frequency phase misfit.
Subsequently, we utilize the recovered source solutions to invert for the wave
speed structure. By extending the gauge length to the complete cable length,
we can apply the workflow to integrated strain sensing, and we present results
for a similar setup.

In addition to the developments, we present real-data inversion results
from various settings, including the Bedretto-Lab, the ice-covered volcano
Grimsvétn, and a submarine cable connecting the Greek islands Santorini
and Ios.

POSTER 32
Monitoring of Seismic Surface Waves in Trackside Dark
Fibers Using High-Fidelity Distributed Acoustic Sensing
PRECIADO-GARBAYO, J., Aragon Photonics, Zaragoza, Spain, j.preciado@
aragonphotonics.com; CANUDO, J., Aragon Photonics, Zaragoza, Spain,
j.canudo@aragonphotonics.com; GONZALEZ-HERRAEZ, M., University
of Alcala de Henares, Alcala de Henares, Spain, miguel.gonzalezh@uah.es;
SCHAEDLER, M., Huawei Munich Research Center, Munich, Germany,
maximilian.schaedler@huawei.com; F. MARTINS, H., Consejo Superior de
Investigaciones Cientificas, Madrid, Spain, hugo.martins@csic.es; GAITE-
CASTRILLO, B., Instituto Geografico Nacional, Madrid, Spain, bgaite@
transportes.gob.es; BRAVO-MONGE, J., Instituto Geografico Nacional,
Madrid, Spain, jbbravo@transportes.gob.es; DE MARIA, 1., Administrador
de Infraestructuras Ferroviarias, Madrid, Spain, j.preciado@aragonphotonics.
com; RODRIGUEZ-PLAZA, M. Administrador de Infraestructuras
Ferroviarias, Madrid, Spain, mrodriguez@adif.es

Distributed Acoustic Sensing (DAS) is a fiber-optic sensing technology that
transforms optical fiber telecommunication cables into arrays of thousands
of broadband strain meters. The emergence of DAS has spurred numerous
developments in a wide range of scientific domains, including geophysics and
seismology, hydrology, and engineering. Modern DAS systems allow spatial
resolutions of several meters, a range of several tens of kilometers, a sensitiv-
ity below 1 ne, and a sampling rate of up to several kHz. In seismology, these
performances enable high-resolution detection of seismic waves originating
from events such as earthquakes (both local and teleseismic) and local micro-
seismic vibrations induced by trains or vehicles.

DAS has been used in railway monitoring for tracking vehicles and
assessing rail conditions. Owing to its spatial and temporal density, DAS has
significant potential for monitoring and control in high-speed railway sys-
tems. In this work, we use methods borrowed from array seismology to visual-
ize seismic surface waves generated by trains and other vehicles passing close
to a trackside dark fiber in detail. The relatively simple methodologies used
here efficiently extract and characterize surface waves propagating along the
railway superstructure.

The DAS data collected in trackside fibers can provide a significant
amount of information about terrain features and railroad superstructure.
These results highlight the capabilities of DAS systems in monitoring seismic
surface waves and superstructure conditions in pre-installed fibers. The evolu-
tion of this information over time may provide significant insights for infra-
structure owners, particularly in critical scenarios such as high-speed railway
infrastructure. Moreover, the local dispersion relation for surface waves can
reveal additional features and details of the superstructure that could be rel-
evant for preventive maintenance.

POSTER 33
Comparison of DAS Recordings With a Calibrated
Underground Strain Meter Array

RIETBROCK, A., Karlsruhe Institute of Technology, Karlsruhe, Germany,
rietbrock@kit.edu

The power of distributed acoustic sensing (DAS) lies in its ability to sample
deformation signals along an optical fiber at hundreds of locations with one
interrogator only. While the interrogator is calibrated to record ‘fiber strain,
the properties of the cable and its coupling to the rock control the ‘strain trans-
fer rate’ and such how much of ‘rock strain’ is represented in the recorded
signal. We use DAS recordings in an underground installation (BFO obser-
vatory) colocated to an array of strainmeters in order to measure the ‘strain
transfer rate’ in situ. A tight-buffered cable and a standard loose-tube telecom-
munication cable are used, where a section of both cables covered by sand and
sandbags is compared to a section, where cables are just unreeled on the floor.

The ‘strain transfer rate’ is largely independent of frequency in the band from
0.05 Hz to 1 Hz and varies between 0.15 and 0.55 depending on cable and
installtion type. The sandbags show no obvious effect and the tight-buffered
cable generally provides a larger ‘strain transfer rate’ The noise background
for ‘rock strain’ in the investigated band is found at about an rms-amplitude of
0.1 nstrain in 1/6 decade for the tightbuffered cable. This allows a detection of
the marine microseisms at times of high microseism amplitude. We recently
cemented a “naked” optic fibre into the concrete floor of the observatory and
the collected data will be presenred, which should give new insight into the
cable coupling an sensitivity limits of the DAS recordings.

POSTER 34
Amplitude Calibration for Distributed Acoustic Sensing
STANCIU, C., Sandia National Laboratories, New Mexico, USA, astanci@
sandia.gov; PORRITT, R. Sandia National Laboratories, New Mexico,
USA, rwporri@sandia.gov; ABBOTT, R. E., Sandia National Laboratories,
New Mexico, USA, reabbot@sandia.gov; YOUNG, B. A., Sandia National
Laboratories, New Mexico, USA, byoung@sandia.gov; BODMER, M., Sandia
National Laboratories, New Mexico, USA, mabodme@sandia.gov

Distributed Acoustic Sensing data is increasingly used to characterize
near-source and far-field signatures of anthropogenic and natural sources.
However, conversion from strain rate to particle velocity can be challenging
in environments where near-field elastic properties and fiber coupling affect
the recorded DAS signal. Calibrated signal amplitudes are critical for wave-
field modeling efforts and quantitative interpretation of DAS data. We com-
pare amplitudes of controlled-source signals, ambient noise, explosions, and
earthquakes recorded on co-located fiber optic and nodal instrumentation
and discuss optimal approaches for converting strain rate to ground motion.
Variations in fiber geometry, emplacement, and signal frequency are analyzed
to derive transfer functions between fiber and geophone data for different
fiber arrays and source types. We show that while empirical relations for con-
verting strain rate to acceleration are useful as a first order approximation,
using a gradiometry-derived strain rate provides a more useful comparison.
These results will inform future applications where well-calibrated amplitudes
are required. SNL is managed and operated by NTESS under DOE NNSA
contract DE-NA0003525.

POSTER 35

The Potential of DAS to Detect Long-Period Signals

ZHANG, 8., California Institute of Technology, California, USA, sdz@
caltech.edu; LI, J., California Institute of Technology, California, USA, jxli@
caltech.edu; BIONDI, E., California Institute of Technology, California, USA,
ebiondi@caltech.edu; YARTSEV, V., Luna Innovations, California, USA,
victor.yartsev@lunainc.com; ZHAN, Z., California Institute of Technology,
California, USA, zwzhan@caltech.edu

Compared to conventional seismometers, the unique capability of DAS to
measure strain opens the door to observing long-period (> 100 s) signals,
such as fault movements, tsunamis, ocean internal waves, and tides. Detecting
signals is challenging at long periods because the self-noise of DAS increases
almost linearly with period. Therefore, the signal and noise levels of DAS at
long periods need to be evaluated for accurately detecting and analyzing long-
period signals. To evaluate the ability to record long-period signals, we analyze
DAS data at a variety of geological settings, from a volcanic region (Iceland)
to the ocean bottom (offshore central California) and ice sheet (South Pole),
where we observe both transient signals such as volcano eruptions and persis-
tent signals like tides. We also discuss the different sources and levels of noise
on DAS at these different settings and our efforts to reduce noise. Our results
show the potential of DAS to complement existing geodesy and early warning
(e.g., tsunamis and volcanic eruptions) instruments because it can leverage
existing telecommunication fibers and has high spatial resolution.

POSTER 36

Distributed Acoustic Sensing (DAS) Calibration in a
Laboratory Wellbore System

YUAN, Z., Tsinghua University, Beijing, China, karongsama@gmail.com;
GU, C,, Tsinghua University, Beijing, China, guchch@mit.edu; FEHLER, M.,
Massachusetts Institute of Technology, Massachusetts, USA, fehler@mit.edu;
ZHONG, Y., Tsinghua University, Beijing, China, zhongyc22@mails.tsinghua.
edu.cn; WU, P, Tsinghua University, Beijing, China, wup23@mails.tsinghua.
edu.cn; CHEN, Z., Tsinghua University, Beijing, China, zhuoyu-c21@mails.
tsinghua.edu.cn

Wellbore monitoring using Distributed Acoustic Sensing (DAS) is an emerg-
ing technique in the unconventional oil/gas industry and Carbon Capture
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Utilization and Storage (CCUS). Calibrating the DAS measurements to accu-
rately recover the wavefield during these processes, regardless of fiber geom-
etry and coupling issues, is critical for field interpretation and operation. To
explore the DAS calibration, ultrasonic waves were excited in a laboratory
dual wellbore systems using monopole and dipole sources in a one wellbore,
mimicking a production well. DAS data were collected using both armored
and unarmored optic fiber cables in the adjacent monitoring wellbore. For
comparison, we also deployed PZT sensor arrays in this system. Additionally,
finite difference simulations were conducted to calculate the full waveform
acoustic signals in this laboratory wellbore system. The DAS experimental
data are calibrated using both simulated wavefields and the acoustic signal
recorded by PZT sensors.

The use of both armored and unarmored optic fiber cables, along with
the comparison to PZT sensor arrays, provided a comprehensive understand-
ing of the DAS response. The findings highlight the potential of DAS for reli-
able wellbore monitoring in unconventional oil/gas and CCUS applications,
emphasizing the importance of proper calibration to mitigate fiber geometry
and coupling issues. This approach can significantly enhance field interpreta-
tion and operational decision-making in real-world scenarios.

Exploring the Frontier of Environmental Processes using
Fiber-optic Sensing [Poster]
Poster Session « Wednesday and Thursday

POSTER 1
What Does free-floating fiber in a River Record? Insights
from a DAS Deployment in Clear-Creek Colorado

BEZADA, M. ]., University of Minnesota, Minnesota, USA, mbezada@umn.
edu; ROTH, D. L., University of Colorado, Colorado, USA, droth@mines.edu;
TATE, B., University of Minnesota, , USA, tate0136@umn.edu

Fluvial seismology has the aim of using the seismic wavefield to infer param-
eters such as sediment transport and turbulence. A persistent challenge has
been trying to untangle the different sources of seismic energy to be able to
interpret the seismic data in terms of fluvial parameters. Using DAS to accom-
plish this goal introduces new opportunities and challenges, especially if the
cable is free-floating. A free-floating cable is in direct contact with the flowing
water and thus can be expected to be sensitive to the character of the flow. At
the same time, the movement of the cable in the water will be a large source
of the strain signal. Here, we describe the data recorded by a free-floating
DAS cable in Clear Creek, Colorado. We find that different segments of the
cable have distinct signatures in both the time and frequency domains. This
is evidenced in the time-domain correlation matrix whose “blocky” charac-
ter suggests distinct segments of the cable; with traces within each segment
being much more similar to each other than to those in the adjoining seg-
ments. Segment boundaries correspond to locations where cable movement
is restricted. In the frequency domain, a spatial spectrogram reveals distinct
regions, that partially correspond to those defined by the correlation matrix.
The most eye-catching feature of the spectrogram shows symmetrical spec-
tral gliding in a part of the data dominated by high-frequency impulsive sig-
nals. Time-domain analysis and simple modeling strongly suggest that this
is caused by the fiber hitting the bed with the resulting wave propagating
along the cable and reflecting from pinned cable locations that correspond
to segment boundaries. Sonorization of the data additionally reveals bubble-
like signals in some segments of the cable. These are characterized by being
high-frequency, nearly monochromatic signals recorded in individual chan-
nels. This study provides insights into what to expect in a free-floating DAS
deployment. Future studies under more controlled conditions can build on
these results to optimize data acquisition strategies.

POSTER 2
Using Co-Located DAS and Nodal Data to Interpret Flow
Hydraulics and Sediment Transport During Flume
Experiments

BILEK, S., New Mexico Institute of Mining and Technology, New Mexico,
USA, susan.bilek@nmt.edu; ROTH, D. L., University of Colorado Boulder,
Colorado, USA, droth@mines.edu; JOHNSON, J. P. L., University of Texas,
Austin, Texas, USA, joelj@jsg.utexas.edu; CADOL, D., New Mexico Institute
of Mining and Technology, New Mexico, USA, daniel.cadol@nmt.edu;
MCLAUGHLIN, J. M., New Mexico Institute of Mining and Technology, New
Mexico, USA, john.mclaughlin@student.nmt.edu; LUONG, L., New Mexico

Institute of Mining and Technology, New Mexico, USA, loc.luong@student.
nmt.edu

One focus of environmental seismology studies has been to instrument river
systems for the purpose of characterizing hydrological and sediment trans-
port processes. Seismic data recorded along rivers include a range of sig-
nals, including from water turbulence and bedload transport. Using seismic
records can be challenging because the various processes generate signals
across wide frequency ranges, and we often have limited datasets to iden-
tify the right frequency bands for each process in natural systems. As a pilot
project in spring 2024, we collected seismic and DAS data during controlled
flow experiments within an outdoor flume at UT-Austin to capture seismic
signals associated with hydraulic bore-style floods, turbulent water flow, and
bedload transport. For the DAS data, we installed 214 m of cable both within
and adjacent to the concrete flume and used an OptaSense ODH4+ interroga-
tor from the UT-Austin NHERI group to collect data sampled at 10 kHz with
a spatial sampling interval of 1.02 m and a 2-channel gauge length. We also
installed a set of eight high frequency (5 Hz corner, 2000 Hz sampling) three-
component nodal seismographs adjacent to the flume structure. DAS cable
installation methods (caulk, tape, burial) varied depending on location within
the flume, on concrete or in grass adjacent to the flume. We present data to
demonstrate frequency ranges that dominate for each flow process as well as
provide comparisons between the DAS recordings and data from the adjacent
buried nodes to highlight variations in deployment techniques.

POSTER 3
Detection of an Artificial Meteoroid Via Distributed
Acoustic Sensing

DONAHUE, C. M., Los Alamos National Laboratory, New Mexico, USA,
cmd@lanl.gov; CARR, C. G., Los Alamos National Laboratory, New Mexico,
USA, cgcarr@lanl.gov; VIENS, L., Los Alamos National Laboratory, New
Mexico, USA, lviens@lanl.gov; MCGHEE, E. A., Colorado State University,
Colorado, USA, Elisa.McGhee@coloradostate.edu; BEARDSLEE, L. B, Los
Alamos National Laboratory, New Mexico, USA, luke.beardslee@silixa.com;
DANIELSON, L. R,, Los Alamos National Laboratory, New Mexico, USA,
ldanielson@lanl.gov

On September 24, 2023 the OSIRIS REx space capsule returned through the
earth’s atmosphere, crossed over California and Nevada, and landed in Utah.
Along its path, the capsule generated infrasonic signals. The entry provided
an excellent opportunity to develop and test a rapid deployment of fiber-
optic cables to be sensed with distributed acoustic sensing (DAS) interroga-
tors. We deployed 12 km of optical fiber at two locations in Eureka, Nevada,
chosen for its proximity to the predicted point of highest heating. At each
location, we deployed three co-located seismometers and infrasound sensors
to inform interpretation of DAS data. For nearly the entire fiber length, we
placed the fiber directly on the ground without any trenching or weights to
increase ground coupling. We used three different interrogators to sample
the fibers at the two locations: an AP Sensing sampled 4.5 km of fiber at the
Eureka Airport and a Silixa and an Optodas sampled 7.5 km of fiber in nearby
Newark Valley. Two different types of optical fiber composites were utilized,
one with an armored jacket, and one with a polyurethane jacket. We observed
a noticeable difference in the signal quality between the two locations and
between the two optical fiber composites. Furthermore, since the optical fiber
could not be feasibly buried, we have observed signatures of both acoustic and
ground-couple seismic signals generated from the space capsule. Signals from
the space capsule were successfully captured in both locations, and the DAS
data revealed phases that would otherwise be difficult to distinguish with tra-
ditional point sensors. These results will aid in developing rapid deployments
of DAS systems in remote environments for unique events.

POSTER 4
Forecasting Coastal Cliff Collapse Using Distributed
Sensing

JOHNSON, J. H., University of East Anglia, Norwich, United Kingdom,
jessica.johnson@uea.ac.uk; BIE, L., University of East Anglia, Norwich,
United Kingdom, L.bie@uea.ac.uk; SEAGER, D., University of East Anglia,
Norwich, United Kingdom, d.seager@uea.ac.uk; WHITELAM, H., University
of East Anglia, Norwich, United Kingdom, h.whitelam@uea.ac.uk

Coastal erosion is widespread and for cliff coasts, much existing protection
is expected to be abandoned (1). Cliff-top communities will have to live with
increased erosion risk, making it crucial to understand erosional processes,
including how and when they might threaten cliff-top buildings and other
infrastructure, to facilitate sustainable management of defences and other
resources. Local authorities are trying to address this challenge. However, it is

Photonic Seismology: Lighting the Way Forward Seismological Society of America 7-10 October 2024| Vancouver, BC | 29



currently difficult to forecast where and when hazardous collapses will occur,
rendering management and mitigation of the risk extremely challenging.

Traditional methods of subsurface monitoring are restricted in either
time or space. Distributed Sensing is a new technology that utilises optical
fibre. Our system includes a distributed acoustic sensor (DAS), distributed
strain sensor (DSS), and distributed temperature sensor (DTS). In Summer
of 2023, we deployed 2 km of fibre optic cable on the North Norfolk Coast to
monitor coastal processes with this suite of interrogators.

Using machine learning techniques, we are constructing a database of
nano-earthquakes associated with subsurface cracking with a view to develop
areal-time map to show regions that are more seismically active and therefore
more likely to see movement. Combining DAS signals with drone-based dif-
ferential photogrammetry, we are also creating a local magnitude scale for
rockfalls that reflects the volume of rock affected. This can be used to alert
local residents, landowners and managers of emerging hazards.

To elucidate mechanisms of cliff weakening and failure, we are using
strain and temperature profiles and ambient noise from the nearby crashing
waves to tomographically monitor the geomechanical properties of the sub-
surface as they evolve. We hypothesise that dessication cracking and ground-
water flow play significant roles in modulating cliff retreat.

(1) Committee on Climate Change, “Managing the coast in a changing
climate” (2018).

POSTER 5
Automatic Monitoring of Rock-Slope Failures Using
Distributed Acoustic Sensing and Semi-Supervised
Learning

KANG, J., Swiss Federal Institute for Forest, Snow and Landscape Research,
Ziirich, Switzerland, jiahui.kang@wsl.ch; WALTER, E, Swiss Federal Institute
for Forest, Snow and Landscape Research, Ziirich, Switzerland, fabian.
walter@wsl.ch; PAITZ, P, Swiss Federal Institute for Forest, Snow and
Landscape Research, Ziirich, Switzerland, patrick.paitz@wsl.ch; AICHELE, J.,
ETH Ziirich, Ziirich, Switzerland, aichelej@ethz.ch; EDME, P, ETH Ziirich,
Ziirich, Switzerland, pascal.edme@erdw.ethz.ch; MEIER, L., Geopraevent
AG, Ziirich, Ziirich, Switzerland, post@lorenzmeier.ch; FICHTNER, A., ETH
Ziirich, Zirich, Switzerland, andreas.fichtner@erdw.ethz.ch

Distributed Acoustic Sensing (DAS) represents a leap in seismic monitoring
capabilities. Compared to traditional single-seismometer stations, DAS mea-
sures seismic strain at meter to sub-meter intervals along fiber-optic cables
thus offering unprecedented temporal and spatial resolution. However, the
effective use of the wealth of information provided by DAS for natural hazard
and in particular mass movement monitoring remains a challenge.

We propose a semi-supervised neural network tailored to screen DAS
data related to a major rock collapse on 15 June 2023 and precursory failures
near Brienz, Eastern Switzerland. Besides DAS, our dataset from 16 May to
30 June 2023 includes Doppler radar data for ground-truth labeling. The pro-
posed algorithm is capable of distinguishing between rock-slope failures and
background noise, including road and train traffic, with a detection precision
of over 90%. It identifies hundreds of precursory failures and shows sustained
detection hours before and during the major collapse. Moreover, we have
identified key performance dependencies: event size and signal-to-noise ratio
(SNR). As a critical part of our algorithm operates in an unsupervised way
we suggest that it is suitable for general monitoring of gravitational hazards.

The major collapse is characterized by strong low-frequency signals
between 0.01 and 0.03 Hz across multiple channels of the cable’s trajectory-
parallel section. Most of this low-frequency energy arrives after the high-fre-
quency signal. Our initial hypothesis is that the low-frequency signal relates
to a bulk mass moving downslope. However, the Doppler radar does not fully
capture this movement, possibly due to radar insensitivity immediately fol-
lowing the collapse. Further investigation will focus on force-history inversion
to study the seismic source mechanisms during the major collapse.

POSTER 6

Characterizing Environmental Noise in Hypersonic Object
Detection: Insights from a Fiber Optic Cable Deployment
MCGHEE, E. A., Los Alamos National Laboratory, New Mexico, USA, elisa.
mcghee@colostate.edu; CARR, C. G., Los Alamos National Laboratory, New
Mexico, USA, cgcarr@lanl.gov; DONAHUE, C. M., Los Alamos National
Laboratory, New Mexico, USA, cmd@lanl.gov; VIENS, L., Los Alamos
National Laboratory, New Mexico, USA, lviens@lanl.gov; BEARDSLEE, L. B.,

Silixa, Montana, USA, Luke.beardslee@silixa.com; DANIELSON, L. R., Los
Alamos National Laboratory, New Mexico, USA, ldanielson@lanl.gov

Infrasonic and seismic signals generated by hypersonic objects transit-
ing Earth’s atmosphere provide critical information to classify the arriving
object as natural or anthropogenic. Historically, these sound waves have been
recorded by permanent arrays of widely separated seismometers and infa-
sound instruments. During the 24 September 2023 reentry of the OSIRIS-
REx space capsule, a total of 12 km of fiber optic cable was deployed at two
sites in Nevada, which each sampled the capsule’s acoustic wavefield with high
spatiotemporal resolution by utilizing Distributed Acoustic Sensing (DAS)
technology. A straight-line cable array and a T-shaped array were deployed
during the span of a few days directly onto the surface, exposing the cable
to environmental forcings which may have induced signal distortion. Three
separate Interrogator Units (IU’s) were used to capture DAS data, and mul-
tiple seismometers and infrasound sensors were co-located along the cable
to inform our interpretation of DAS data and environmental noise sources.
Here, we sample portions of the dataset recorded prior to the capsule arrival
to investigate environmental sources affecting signals in the 5-100 Hz range
which vary with the time of day, such as temperature, solar exposure, and
wind speed. We quantify the signal distortion frequency range, intensity, and
triggering factors to identify which noise sources may have impacted the spec-
tral signature of the capsule arrival data. Finally, we compare the variations
in noise captured by the three IU’s to determine which systems performed
best given the most significant noise sources. Our results have implications
for mitigating the impact of environmental noise sources in DAS datasets to
better constrain target signals. Characterization of these noise sources will
also aid in efforts to advance future design and operation of DAS in remote
and extreme environments where large temperature and wind variations affect
signal acquisition.

POSTER 7

Local Variations in Microseisms Recorded off the Coast of
Sicily

LE PAPE, E, Geo-Ocean, UMR6538 Univ Brest, CNRS, Ifremer, Plouzané,
France, florian.le.pape@ifremer.fr; KER, S., Geo-Ocean, UMR6538 Univ
Brest, CNRS, Ifremer, Plouzané, France, Stephan.Ker@ifremer.fr; MURPHY,
S., Geo-Ocean, UMR6538 Univ Brest, CNRS, Ifremer, Plouzané, France,
shane.murphy@ifremer.fr; RICCOBENE, G., Istituto Nazionale di Fisica
Nucleare, Laboratori Nazionali del Sud, Catania, Italy, riccobene@Ins.infn.
it; VIOLA, S., Istituto Nazionale di Fisica Nucleare, Laboratori Nazionali del
Sud, Catania, Italy, sviola@Ins.infn.it; AURNIA, S., Istituto Nazionale di Fisica
Nucleare, Laboratori Nazionali del Sud, Catania, Italy, aurnia@Ins.infn.it;
PULVIRENTI, S., Istituto Nazionale di Fisica Nucleare, Laboratori Nazionali
del Sud, Catania, Italy, spulvirenti@Ins.infn.it; GUTSCHER, M., Geo-Ocean,
UMRG6538 Univ Brest, CNRS, Ifremer, Plouzané, France, gutscher@univ-
brest.fr

Microseisms induced by ocean waves define a unique interaction between
the sea and solid Earth, with associated seismic surface waves dominating
global ambient seismic noise records. The use of fibre optic sensing provides
a new exciting way for detailed characterisation of microseism signals at an
unprecedented spatial resolution. For instance, an improved understanding of
microseism sources and signals, not only benefits seismic passive imaging and
monitoring of active processes in the marine environment, but can also help
track storm events. In November 2023, DAS (Distributed Acoustic Sensing)
data were recorded on two cables from the INFN-LNS submarine infrastruc-
ture located offshore Catania and Capo Passero in the Western Ionan Sea.
Long-term trends in the DAS data on specific channels along each cable show
continuous microseism noise but also the presence of short-term high fre-
quency (>1Hz) events which seem connected to the wind wave activity in the
area. Tremors from Etna observed during acquisition overlap those signals
and need to be taken into account for a better characterisation of microseism
sources. In addition, whereas the wind waves’ signature is limited to the shal-
lower sections of the cables, we observe that microseisms are present over
the whole length of each cable, with their energy fluctuating as a function of
water depth but also cable coupling with the seafloor. Taking advantage of the
dense spatial sampling of the DAS data, -k analysis applied for shorter time
windows enables both ocean waves and seismic wavefields decomposition
(e.g. landward vs seaward separation of signals) over different sections of the
cables. Despite the two cables being geographically close (~150km apart), the
microseism signals recorded offshore Catania show more complexity com-
pared to Capo Passero. This observation implies a change in the local micro-
seism sources but also highlights the influence of significant local site effects
(e.g. water depth, sub-seafloor velocity structure) on the recorded seismic sur-
face waves which vary over short regional distances.
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POSTER 8

Looking into a Disappearing Glacier: An Active Source DAS
Experiment on Langjokull Ice Cap

REID-MCLAUGHLIN, A. M., California Institute of Technology, California,
USA, areidmcl@caltech.edu; GUNNARSSON, T., Google, Iceland, Iceland,
teddi@gmail.com; STEINKRAUS, J., Jet Propulsion Laboratory, California,
USA, joel.m.steinkraus@jpl.nasa.gov; ZHAN, Z., California Institute of
Technology, California, USA, zwzhan@caltech.edu; LI, J., California Institute
of Technology, California, USA, jxli@caltech.edu; ZHANG, S., California
Institute of Technology, California, USA, sdz@caltech.edu

The rate at which glaciers lose ice mass is highly controlled by properties
within the ice and at the base, such as temperature, composition and mechan-
ical strength of material at the basal interface, and presence of meltwater
within the glacier. With the seemingly accelerating disappearance of glaciers
in response to climate change, insight into this process is necessary. However,
this information is buried under hundreds of meters of ice. Therefore, indirect
methods such as seismology give us a non-invasive way to probe the base of
glaciers. While traditional geophone arrays can help recover these properties,
the short wavelength heterogeneity expected in ice cannot be resolved and, in
harsh environments, deployments become increasingly difficult. Distributed
Acoustic Sensing (DAS) provides a logistically simpler deployment alternative
suited for glacial environments as well as high density coverage for meter-
scale resolution.

Langjokull is a quickly disappearing ice cap in Iceland, losing an esti-
mated 11% of its mass from 1997-2010. The ice cap is also known to host surge
events at its southern outlet glaciers where the terminus can advance by over
a kilometer in a season, making it a potential hazard to the surrounding com-
munities. Radar techniques have been unable to provide constraints on the
rock properties at the base making the origin of these surges unclear, though
the proximity to the volcanic zone could indicate porous rock which may be
conducive to sliding. In May 2024, we performed an active source survey on a
DAS array at Langjokull Glacier. Using a combined plow-deployment system,
we are able to deploy the cable without the need for manual trenching. The
active source data collected helps us to learn about the feasibility of a short-
term DAS glacial deployment, as well as the englacial and subglacial proper-
ties which help control glacial mass loss and surge behavior.

POSTER 9
DAS Observations of Ice-Wedge Cracking in Utqiagvik,
Alaska

ROCHA DOS SANTOS, G., Pennsylvania State University, Pennsylvania,
USA, grd5166@psu.edu; ZHU, T., Pennsylvania State University, Pennsylvania,
USA, tuz47@psu.edu

Ice wedge polygons are among the most distinctive landforms in permafrost
regions. Conceptually, they form when freezing ground undergoes thermal
contraction cracking during winter, followed by crack filling during the spring
snowmelt. However, there is a lack of field observations hindering the under-
standing of cracking dynamics. In this study, we report over two thousand
strong seismic signals throughout the winter months identified in the con-
tinuous recordings of yearly-deployed distributed acoustic sensing (DAS)
system. These signals are characterized as short-duration events, with center
frequencies ranging from 5 to 30 Hz. The events present body wave arriv-
als closely followed by surface waves, indicating a source near the installed
fiber. We found a strong correlation between the daily occurrence of these
events and periods of extremely low ground temperatures. Consequently, we
interpret these events as cryoseisms originating from the permafrost. During
periods of intense cold, thermal stress within the frozen ground can induce
tensional fracturing, resulting in the sudden release of stress in the form of
seismic waves, known as frost quakes. Through analysis of each event’s move-
out, we were able to distinguish the relative source locations. Our findings
reveal distinct seismicity patterns between wet tundra and dry tundra envi-
ronments. Finally, we modeled elastic wave propagation to examine the source
mechanisms and compared several potential mechanisms for generating local
seismicity within the permafrost with the observed waveforms. This research
presents an innovative method by using DAS for monitoring and analyzing
the dynamics of thermally fracturing frozen ground in the changing Arctic
environment.

POSTER 10

Correlation of DAS Strain Data and Oceanographic
Variables in the North-East Atlantic

SCHAPHORST, D., University of Lisbon, Lisbon, Portugal, dschlaphorst@
fc.ul.pt; MATIAS, L., University of Lisbon, Lisbon, Portugal, Imatias@
fcul.pt; LOUREIRO, A., Agéncia Regional para o Desenvolvimento da

Investigagdo, Tecnologia e Inovagdo, Funchal, Portugal, maloureiro@fc.ul.
pt; PAPAPOSTOLOU, A., Hellenic Centre for Marine Research, Anavyssos,
Greece, ath.papapostolou@hcmr.gr; CUSTODIO, S., University of Lisbon,
Lisbon, Portugal, sicustodio@ciencias.ulisboa.pt; CORELA, C., University
of Lisbon, Lisbon, Portugal, ccorela@ciencias.ulisboa.pt; GONCALVES, S,,
University of Lisbon, Lisbon, Portugal, sfgoncalves@fc.ul.pt; CALDEIRA,
R., Agéncia Regional para o Desenvolvimento da Investigagdo, Tecnologia e
Inovagio,, Funchal, Portugal, rui.caldeira@arditi.pt

DAS recordings close to the coast are influenced by pressure signals from
land- and seaward ocean surface gravity waves. The amplitude and period of
the signal can be interpreted as a proxy for the sea state. Measurements along
the cable at larger water depths show secondary microseisms related to the
sea state away from the shore. The significant wave height (SWH) and ocean
currents along the cable can be evaluated continuously during the experiment,
resembling a dense sampling array of closely spaced buoys. However, in order
to provide serviceable results, the measurements have to be calibrated with
existing buoy or wave model data.

In October 2023, the GeoLab dark fibre off Madeira Island in the
Atlantic was fitted with a DAS interrogator under a project by ARDITI and
the Oceanic Observatory of Madeira. As a pilot site, the experiment is linked
to the SUBMERSE project that is trying to establish continuous DAS monitor-
ing along fibre-optic cables at multiple locations around Europe.

We use a one-week recording in late 2023 to show changes in the DAS
data close to the shore where the water depth is small, and temporal varia-
tions of the secondary microseisms further along the cable. Spectrograms of
individual channels and f-k spectra of different time intervals show effects of
varying sea states, such as currents on the dispersion curves between land-
and seaward waves.

To calibrate the measurements, the data are compared with measure-
ments from a buoy located close to the coast and the DAS cable. In addi-
tion, we use model data from the Atlantic-Iberian Biscay Irish-Ocean Wave
Analysis and Forecast model (0.05 x 0.05 deg; Toledano et al., 2022), which
shows good correlation with the buoy data.

This work was funded by the Portuguese Fundagdo para a
Ciéncia e a Tecnologia (FCT) I.P/MCTES through national funds
(PIDDAC) - UIDB/50019/2020 (DOL  10.54499/UTDB/50019/2020),
UIDP/50019/2020 (DOI: 10.54499/UIDP/50019/2020) and LA/P/0068/2020
(DOI:  10.54499/LA/P/0068/2020), and by EC project SUBMERSE,
HORIZON-INFRA-2022-TECH-01-101095055.

POSTER 11
Distributed Acoustic Sensing of Debris Flow Dynamics at
lligraben, Switzerland

WETTER, C., Swiss Federal Institute for Forest, Snow and Landscape
Research, Birmensdorf, Switzerland, christoph.wetter@wsl.ch; WALTER, E,
Swiss Federal Institute for Forest, Snow and Landscape Research, Birmensdorf,
Switzerland, fabian.walter@wsl.ch; PAITZ, P., Swiss Federal Institute for
Forest, Snow and Landscape Research, Birmensdorf, Switzerland, patrick.
paitz@wsl.ch; MCARDELL, B., Swiss Federal Institute for Forest, Snow and
Landscape Research, Birmensdorf, Switzerland, brian.mcardell@wsl.ch;
FICHTNER, A., ETH Zurich, Zurich, Switzerland, andreas.fichtner@erdw.
ethz.ch; EDME, P, ETH Zurich, Zurich, Switzerland, pascal.edme@erdw.ethz.
ch; AARON, J., ETH Zurich, Zurich, Switzerland, jordan.aaron@erdw.ethz.ch

We explore the possibility of using distributed acoustic sensing (DAS) for
debris flow monitoring in the Swiss Alps. Data were obtained during the
summer months of 2022 at the Illgraben debris flow observatory maintained
by the Swiss Federal Institute of Forest, Snow and Landscape Research WSL
in the Rhone valley. We connected a Silixa iDAS interrogation unit (1000
Hertz sampling frequency, 2 meters channel spacing, 10 m gauge length) to
a pre-existing 450 m long dark fiber. This fiber belongs to a telecommunica-
tion network connecting households of Illgraben’s inhabited debris cone and
locating within a few tens of meters of the torrent. On September 8th 2022
we acquired, to the best of our knowledge, the first DAS record of a full-scale
debris flow.

The debris flow had an estimated total volume of about 9000 cubic
meters and a maximum discharge of about 20 cubic meters per second. We
were able to detect debris flow signals 4 kilometers away from the dark fiber
when the debris flow was mobilizing in Illgraben’s upper catchments. The seis-
mic record is characterized by high frequency (> 1 Hz) signals commonly
attributed to particle-ground impacts. In addition, we detect low frequency
(< 0.1 Hz) signals, which we interpret as the elastiostatic ground deforma-
tion resulting from the weight of the moving mass of the debris flow. Further,
we observe flow instabilities commonly termed “roll waves” in our DAS data.
Using low frequency (< 0.1 Hz) elastiostatic signals produced by roll waves, we
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can trace individual roll waves along the cable and determine their velocities
as a function of flow depth.

Our study benefits from various point measurements along the torrent,
including flow depth gauges, basal force plates and velocity sensors. The com-
bination with distributed measurements, in our case DAS data, demonstrates
that existing fiber-optic infrastructure can enhance monitoring and warning
capabilities, offering novel insights into the dynamics of debris flows difficult
to capture with conventional sensors.

POSTER 12

Fiber-optic Observations of Wind-induced Gravity Waves in
Lake Ontario

YANG, C., University of Michigan, Michigan, USA, chufan@umich.edu;
MIAO, Y., University of Michigan, Michigan, USA, yaolinm@umich.edu;
FUJISAKI-MANOME, A., University of Michigan, Michigan, USA, ayumif@
umich.edu; SPICA, Z., University of Michigan, Michigan, USA, zspica@
umich.edu

The Great Lakes region lacks in-situ observations during the winter season
due to surface instrument withdrawals (e.g., buoys) to avoid damaging them
from extreme weather. As a result, there is a critical observational gap during
a large period of the year. To circumvent that, we propose to use Distributed
Acoustic Sensing (DAS) measurements using telecommuting fiber-optic cable
at the bottom of the lake as it can help acquire year-round observations in the
lakes. Here, we installed a DAS interrogator along a telecom infrastructure
between Toronto and Lockport to measure strains in the first 50 km of the
underwater cable. The DAS array has nearly 5000 channels with 10-m spac-
ing measured between May 2023 and March 2024. The preliminary results
show that the DAS detected distinct signals from wind-induced gravity waves,
including microseisms and infragravity waves. Especially, amplitudes of the
microseisms between 0.2 and 2 Hz correlate to water level heights observed in
Toronto and Olcott. In addition, the high-resolution measurements from this
dense array also depict details of the wave motions, such as wave propagation,
dispersion, and wave-wave interactions in the lake, providing unique obser-
vations for understanding the dynamic processes of the wind-driven waves.
Such signals can further be utilized to monitor massive waves generated by
storm surges, seiches, meteotsunamis, among others.

POSTER 13
Long-Term Analysis of Cryoseismic Events and Earthquakes
at the South Pole Using Distributed Acoustic Sensing

ZHALI, Q., California Institute of Technology, California, USA, qzhai@caltech.
edu; ZHAN, Z., California Institute of Technology, California, USA, zwzhan@
caltech.edu; LI, J., California Institute of Technology, California, USA, jxli@
caltech.edu; YANG, Y., California Institute of Technology, California, USA,
yanyang@caltech.edu

Polar and glacial seismology plays a crucial role in exploring the dynamics
of the cryosphere and lithosphere, and in studying their impacts on, and
responses to, climate change. However, the understanding of Antarctic seis-
micity remains limited due to the lack of field observations from dense seismic
networks, as logistical challenges hinder the deployment and maintenance of
seismic stations in Antarctica’s remote and harsh environments. For instance,
the Quiet South Pole Antarctica (QSPA) station is the only permanent seismic
station within a 12-degree radius of the South Pole. In this study, we deployed
along-term distributed acoustic sensing (DAS) array along a pre-existing fiber
optic cable between the Amundsen-Scott South Pole Station and the QSPA
station. This 8-km optical fiber was converted into a dense array of thousands
of strain sensors, recording continuously since January 2023. Utilizing one
year of data from the South Pole DAS and the QSPA station, we built a seis-
mic activity catalog for the South Pole region. We identified local cryoseismic
events, including ice quakes and firn quakes. We documented swarms of firn
quakes that exhibited strong correlations with local weather. We also detected
regional tectonic earthquakes up to hundreds of kilometers away. By apply-
ing array processing techniques to the DAS data, we enhanced the charac-
terization of these earthquakes. Our findings highlight the potential of DAS
to advance the detection and understanding of seismic activity in polar and
glacial regions.

Filling the Data Gap: Ocean-bottom Sensing with Fiber-
optic Cables [Poster]
Poster Session « Wednesday and Thursday

POSTER 14
How Cable Architecture Influences Distributed Fiber Optic
Sensing Along a Submarine Cable Offshore Catania
CAPPELLI, G., IDIL Fibres Optiques, Perros-Guirec, France, giuseppe.
cappelli@idil.fr; KER, S., Institut Francais de Recherche pour I'Exploitation
de la Mer, Plouzané, France, stephan.ker@ifremer.fr; MURPHY, S., Institut
Frangais de Recherche pour I'Exploitation de la Mer, Plouzané, France,
shane.murphy@ifremer.fr; ARHANT, M., Institut Frangais de Recherche
pour 'Exploitation de la Mer, Plouzané, France, Mael. Arhant@ifremer.fr;
CASARI, P, Institut Universitaire de Technologie de Nantes, Nantes, France,
Pascal.Casari@univ-nantes.fr; QUETEL, L., IDIL Fibres Optiques, Lannion,
France, lionel.quetel@idil.fr; DAVIES, P, Institut Frangais de Recherche
pour I'Exploitation de la Mer, Plouzané, France, Peter.Davies@ifremer.
fr; TERZARIOL, M., Institut Francais de Recherche pour I'Exploitation de
la Mer, Plouzané, France, Marco.Terzariol@ifremer.fr; GUTSCHER, M.,
Laboratoire Géosciences Océan, Plouzané, France, gutscher@univ-brest.fr;
RICCOBENE, G, Istituto Nazionale di Fisica Nucleare, Laboratori Nazionali
del Sud, Catania, Italy, riccobene@Ins.infn.it; AURNIA, S., Istituto Nazionale
di Fisica Nucleare, Laboratori Nazionali del Sud, Catania, Italy, aurnia@lIns.
infn.it; VIOLA, S., Istituto Nazionale di Fisica Nucleare, Laboratori Nazionali
del Sud, Catania, Italy, sviola@Ins.infn.it; PULVIRENTI, S., Istituto Nazionale
di Fisica Nucleare, Laboratori Nazionali del Sud, Catania, Italy, spulvirenti@
Ins.infn.it

Seismological sensors are predominantly found on the 30% of the Earth’s sur-
face that is on-land. Distributed Fibre Optic Sensing (DFOS) using submarine
telecom cables offers a means to bridge this observational gap. Cables come
in different designs, where fibers sit in gel (loose fibers) or are layered with
an acrylate coating (tight fibers). The design can change the energy transfer
from the surface of the cable to the fibers, impacting the measurements. We
examine this effect using the 6 km-long FOCUS cable located 29 km offshore
Catania in 2 km water depth. This prototype cable contains three tight fibers
at its center and two loose fibers coiled around them. One loose and two tight
fibers are connected in series and loop in the cable allowing one interroga-
tor to sample the same location using the different fiber configurations. We
compare the performance of the loose and tight fibers as a strain rate sensor
using DAS data collected in November 2023. With a local ML 3.3 earthquake
we show that, on average, the energy transfer is greater on the tight fiber and
is frequency dependent: 25% more energy is transferred to the tight fiber com-
pared to the loose fiber in the 0.1-2.5 Hz range, but this decreases to 13%
in the 10-12.5 Hz range. This previously unreported result shows how cable
structure affects DAS records. We perform a similar analysis for static strain
using a BOTDR interrogator on the same cable, recording since October 2020.
We have observed one natural deformation (causing ~40 (te), bag drops on
the cable (~200 pe), and an abrupt pulling of the cable end (~400 pe). Strain
measured along the tight fibers was two to ten times larger than that mea-
sured on the loose fiber. Controlled loading experiments in a laboratory on
the FOCUS cable confirm these observations as the tight fiber consistently
deforms 200% more than the loose fiber. In tight fibers, amplitude loss is 0.26
db/km vs the 0.19 db/km in loose fibers, reducing the coverage of DFOS by
40 km. However, better energy transfer favors tight fibers over loose fibers for
sensing both strain and strain rate.

POSTER 15

Application of Distributed Acoustic Sensing for Fin Whale
Calls Detection and Localization

GOESTCHEL, Q., University of Washington, Washington, USA, ggoestch@
uw.edu; WILCOCK, W. S. D., University of Washington, Washington, USA,
wilcock@uw.edu; ABADI, S., University of Washington, Washington, USA,
abadi@uw.edu

Detecting and locating marine mammals such as fin whales is critical to
understanding their behavior and protecting their habitats. Traditional meth-
ods of monitoring using visual observations and tagging are limited in cover-
age and can be usefully complemented by acoustic methods. Fin whales are
well suited for acoustic monitoring because males produce a stereotypical,
1-second, 20-Hz, down-swept chirp that is incorporated into songs associ-
ated with breeding and observed in non-song vocalizations in migratory
groups. However, the deployment of dedicated hydrophone arrays is expen-
sive. Distributed Acoustic Sensing (DAS) is an emerging technology that
shows promise for passive acoustic monitoring of marine mammals in real
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time. DAS uses fiber optic cables as sensors by exploiting Rayleigh scatter-
ing, allowing continuous monitoring over distances of up to ~100 km with
an unprecedented resolution of tens of meters. For 4 days in November 2021,
a public domain DAS dataset was collected on the two submarine cables of
the Ocean Observatories Initiative Regional Cabled Array that extend off-
shore Pacific City, Oregon. This experiment took place during the fin whale
breeding season, and tens of thousands of 20 Hz calls are present in the data.
The dataset includes DAS measurements on three fibers extending 65-95 km
with 2 m channel spacing. In this study, we demonstrate a scalable example of
detection and localization. Different detection techniques have been explored,
from classical methods such as matched filtering and spectrogram cross cor-
relation, to image processing, exploiting the new possibilities of DAS time-
space representations. Due to the performance of spectrogram correlation,
the final detection combines Gabor filters on the recorded wave field envelope
and single channel matched filtering. This provides a set of detection times for
automated localization using the time difference of arrival method. Scaling
these techniques to the full dataset for tracking the whales and inferring their
behavior will also be discussed. [Work supported by ONR].

POSTER 16

SeaFOAM : A Permanent Offshore DAS Deployment in
Monterey Bay, California

GOU, Y., University of California, Berkeley, California, USA, yuancong_
gou@berkeley.edu; CHEN, L., University of California, Berkeley, California,
USA, liwei_chen@berkeley.edu; TAIRA, T., University of California, Berkeley,
California, USA, taira@berkeley.edu; ALLEN, R. M., University of California,
Berkeley, California, USA, rallen@berkeley.edu; ROMANOWICZ, B,
University of California, Berkeley, California, USA, barbarar@berkeley.
edu; ZHU, W, University of California, Berkeley, California, USA, zhuwq@
berkeley.edu; BREKKE, K., Monterey Bay Aquarium Research Institute,
California, USA, knute@mbari.orgs HENSON, 1., University of California,
Berkeley, California, USA, ihenson@berkeley.edu; KARRENBACH, M.,
Seismics Unusual, California, USA, martin.karrenbach@seismicsunusual.
com; MARTY, J., University of California, Berkeley, California, USA, jmarty@
berkeley.edu; NEUHAUSER, D. S., University of California, Berkeley,
California, USA, dougneuhauser@berkeley.edu; PARDINI, B., University of
California, Berkeley, California, USA, bpardini@berkeley.edu; THOMPSON,
S., University of California, Berkeley, California, USA, stephen.thompson@
berkeley.edu; YARTSEV, V., Luna OptaSense, California, USA, Victor.
Yartsev@optasense.com; ZHANG, J., University of California, Berkeley,
California, USA, junlizhang@berkeley.edu; ZUZLEWSKI, S., University of
California, Berkeley, California, USA, stephane@berkeley.edu

Seafloor Fiber-Optic Array in Monterey Bay (SeaFOAM) is a permanent off-
shore DAS deployment in Monterey Bay, California, with the purpose of seis-
mic monitoring and beyond. We apply DAS to a 52-km long submarine cable
maintained by Monterey Bay Aquarium Research Institute (MBARI), starting
from August 2022. We have explored the dataset for seismic and ocean waves,
subsurface structure, and relative instrument response.

We have recorded a large number of local and teleseismic events with
broadband observations. A workflow has been developed to detect and char-
acterize earthquakes in real-time for the purpose of earthquake early warn-
ing, including a machine learning-based phase picking model and an inte-
grated methodology that synergizes DAS with traditional seismic stations
onshore. We also observed scattering waves from offshore San Gregorio Fault
zones and resonance effects from underwater basins. We analyzed infragrav-
ity waves recorded during strong winter storms at different water depths. A
coherency analysis in frequency domain is applied to explore characterization
of frequency-dependent instrument responses of individual DAS channels.
We show that this unique submarine DAS array can enhance local earthquake
and fault monitoring as well as offer new insights into mechanisms of both
oceanic processes and ocean-solid earth interactions.

POSTER 17
Feasibility Study: Integrating Fiber Optic Sensing into the
NEPTUNE Cabled Observatory for Enhanced Ocean
Monitoring and Earthquake Early Warning

HEESEMANN, M., Ocean Networks Canada, Victoria, Canada, mheesema@
uvic.ca; DETTMER, J., University of Calgary, Calgary, Canada, jan.dettmer@
ucalgary.ca; HARTOG, R., University of Washington, Washington, USA,
jrhartog@uw.edu; HEMBROFE, D., Ocean Networks Canada, Victoria,
Canada, degnanh@oceannetworks.ca; HUTCHINSON, J., Ocean Networks
Canada, Victoria, Canada, hutchij@uvic.ca; KARRENBACH, M., Seismics
Unusual, California, USA, martin.karrenbach@seismicsunusual.com;
KRAUSS, Z., University of Washington, Washington, USA, zkrauss@uw.edu;
LIPOVSKY, B. P, University of Washington, Washington, USA, bpl7@

uw.edu; BABAIE MAHANI, A., Ocean Networks Canada, Victoria, Canada,
alirezab@uvic.ca; MIHALY, S., Ocean Networks Canada, Victoria, Canada,
smihaly@uvic.ca; MUZI, L., Ocean Networks Canada, Victoria, Canada,
muzi@uvic.ca; PIRENNE, B., Ocean Networks Canada, Victoria, Canada,
bpirenne@oceannetworks.ca; SCHERWATH, M., Ocean Networks Canada,
Victoria, Canada, mscherwa@uvic.ca; SUN, T., Geological Survey of Canada,
Vancouver, Canada, thzsun@uvic.ca; WILCOCK, W. S. D., University of
Washington, Washington, USA, wilcock@uw.edu; ZHANG, M., Dalhousie
University, Halifax, Canada, Miao.Zhang@dal.ca; GOSSELIN, J., Natural
Resources Canada, Sidney, Canada, jeremy.gosselin@nrcan-rncan.gc.ca

Ocean Networks Canada’s NEPTUNE Cabled Seafloor Observatory offers an
excellent opportunity to enhance ocean-bottom monitoring and Earthquake
Early Warning (EEW) through fiber optic sensing, including Distributed
Acoustic Sensing (DAS), Distributed Strain Sensing (DSS), and Distributed
Temperature Sensing (DTS). The observatory consists of an 800 km cable loop
off Vancouver Island, B.C., Canada. We will explore three strategies for inte-
grating fiber optic sensing with NEPTUNE: (1) utilizing the existing cable
loop, (2) deploying a dedicated sensing cable along the offshore subduction
zone, and (3) laying a dedicated sensing cable from the Port Alberni shore sta-
tion. The first strategy is limited by the shore station in Port Alberni being 70
km inland, reducing DAS effectiveness to the first repeater at approximately
100 km (30 km offshore). The second strategy involves a custom-designed
cable for comprehensive sensing (including pressure, temperature, and DAS)
positioned based on scientific needs. Despite high scientific potential, this
approach is costly and relies on emerging technology. The third strategy could
offer detailed tsunami warnings for Port Alberni, a region with a history of
destructive tsunamis.

Our primary goal is to investigate the technical feasibility, costs, and
funding opportunities for these options and to identify scientific use cases.
Integrating fiber optic sensing with NEPTUNE would complement existing
offshore seismometer networks, geodetic instruments, and oceanographic
capabilities, and would enhance EEW for Canada’s west coast. It would also
be strongly synergistic with parallel efforts to implement fiber optic sensing
on the Ocean Observatories Initiative Regional Cabled Array offshore central
Oregon.

We aim to facilitate discussions on feasibility, scientific benefits, and
future directions, leading to well-informed and competitive funding proposals.

POSTER 18

Potential and Challenges in Body Wave Travel Imaging
From an Offshore Telecommunication Fiber in Southern
Alaska

BEN MANSOUR, W., Washington University, St. Louis, Missouri, USA,
walid.benmansour@seismo.wustl.edu; VIENS, L., Los Alamos National
Laboratory, New Mexico, USA, lviens@lanl.gov; SPICA, Z., University of
Michigan, Michigan, USA, zspica@umich.edu

Strain data recorded along telecommunication fibers with Distributed
Acoustic Sensing (DAS) have been shown to capture the full extent of the
seismic wavefield. Seismic interferometry, which extracts the propagation sur-
face waves between seismic stations, has been used to provide high-resolution
images of the shear-wave velocity of the shallow subsurface below fiber-optic
cables. Nevertheless, additional constraints on the 3-D structure could be
obtained from P- and S-wave travel times from earthquakes. We probed 50
km of a telecommunication fiber deployed offshore Cordova, Alaska, and
recorded continuous data for four months in 2022. We pick direct P- and
S-wave arrival times from regional earthquakes recorded along the fiber with
a 10 m spacing. We combine the travel time measurements with ten years
of travel time picking from the Alaska regional network near the region of
interest. We invert the measurements by using the fast-marching tomography
(FMTOMO) approach to build a new 3-D velocity structure. We discuss our
preliminary results as well as the advantages and limitations of the proposed
inversion method to improve regional seismic velocity models using DAS.

POSTER 19
Trans-dimensional Inversion of Multi-mode Dispersion
Curves From Ocean Bottom Distributed Acoustic Sensing
BEN MANSOUR, W., Washington University, St. Louis, Missouri, USA,
walid.benmansour@seismo.wustl.edu; DETTMER, J., University of Calgary,
Calgary, Canada, jan.dettmer@ucalgary.ca; VIENS, L., Los Alamos National
Laboratory, New Mexico, USA, lviens@lanl.gov; SPICA, Z., University of
Michigan,, Michigan, USA, zspica@umich.edu

The development of the Distributed Acoustic Sensing (DAS) technology
with the acquisition of high spatio-temporal seismic data along fiber-optic
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cables provides an opportunity to achieve high-spatial resolution imaging
of the subsurface. Generally, imaging the shallow crust and sediment layers
can be difficult using passive seismic approaches, especially offshore due to
the lack of station coverage. This study takes advantage of continuous strain
data recorded in 2022 along 50 km of a telecommunication fiber deployed
offshore Cordova, Alaska. We use two weeks of data to compute cross-corre-
lation functions along the cable and extract Scholte-wave dispersion data. We
quantify the shear-wave velocity profile of the sediment layers and shallow
crust to ~2 km below the seabed from the inversion of high frequency Scholte-
wave dispersion curves. From the data collected between May 04 and May
15, 2022, we extract the fundamental and higher modes phase velocities and
invert these jointly with a trans-dimension model. The approach quantifies
parameter uncertainties and data errors. The results provide new constraints
on the sediment characteristics and origins in this region. We will discuss the
implications in terms of sediment transport and mixing but also the potential
of underwater landslides associated with these sediments.

POSTER 20

Wavefield Reconstruction of Distributed Acoustic Sensing:
Compression, Wavefield Separation, and Edge Computing
NI, Y., University of Washington, Washington, USA, niyiyu@uw.edu;
DENOLLE, M., University of Washington, Washington, USA, mdenolle@
uw.edu; SHI, Q., University of Washington, Washington, USA, gibins@
uw.edu; LIPOVSKY, B. P, University of Washington, Washington, USA, bpl7@
uw.edu; PAN, S., University of Washington, Washington, USA, pans2@rpi.
edu; KUTZ, N., University of Washington, Washington, USA, nathankutz@
googlemail.com

Distributed Acoustic Sensing (DAS) is a new seismic observation method.
DAS dramatically expands the ability of dense seismic observation and has
been used for ocean observation, sub-surface imaging, volcano monitoring,
and earthquake characterization. While the high rate of data benefits research
analysis, they are problematic for data transmission and storage and limit the
real-time or large-scale application of DAS. Data compression algorithms
accelerate the transmission by transforming the raw data into smaller sizes,
however, at the cost of more computing time and data distortion.

In this study, we explore wavefield reconstruction using Deep Learning
(DL) methods for wavefield compression, reconstruction, and separation. We
test SHallow REcurrent Decoder (SHRED) that generalizes over space and
time for a single optical fiber with 20% decimated channels for the reconstruc-
tion. Despite good performance in reconstructing long-wavelength features,
our model does not reconstruct transient earthquake wavefields at shorter
wavelengths, limiting its usability for seismic data transmission. Nevertheless,
we leverage wavefield reconstruction of ocean waves to separate them from the
seismic wavefield and improve seismological use cases for earthquake detec-
tion and Earth imaging. At last, we evaluate the model accuracy, adaptivity,
computing expense and generalizability on the Cook Inlet DAS experiment.

POSTER 21
Denoising Offshore Distributed Acoustic Sensing Using
Masked Auto-encoders to Enhance Earthquake Detection
SHI, Q., University of Washington, Washington, USA, gibins@uw.edu;
DENOLLE, M., University of Washington, Washington, USA, mdenolle@
uw.edu; NI, Y., University of Washington, Washington, USA, niyiyu@uw.edu;
WILLIAMS, E. E, University of Washington, Washington, USA, efwillia@
uw.edu

Offshore Distributed Acoustic Sensing (DAS) has emerged as a powerful
technology for seismic monitoring, expanding the capacities of cable net-
works and coastal seismic networks to monitor offshore seismicity. However,
DAS data often combine signals unfamiliar to seismologists, including new
types of instrumental noise, fiber cable coupling issues, and ocean signals
that overprint those from tectonic sources, all of which hinder seismologi-
cal research. We develop a self-supervised deep learning algorithm, a Masked
Auto-Encoder (MAE), to denoise DAS data for seismological purposes.
The model is trained on randomly masked DAS channel recordings of local
earthquakes in the Cook Inlet, offshore Alaska. To demonstrate the benefits
of denoising for seismological research, we conduct the most fundamental
steps to any earthquake catalog building: seismic phase picking, signal-to-
noise ratio estimates, and event association. We leverage the generalizability of
ensemble deep learning models with cross-correlation to predict phase picks
with sufficient precision for post-processing (e.g., earthquake location). The
signal-to-noise ratio (SNR) of the denoised testing DAS data increased by 2.
The MAE denoised DAS data allows manyfold more S picks than the original
noisy data for smaller regional earthquakes. The results demonstrate that our

self-supervised MAE holds significant potential for enhancing seismic moni-
toring with rapid earthquake characterization.

POSTER 22
Mapping Ocean Surface Gravity Waves in the Coastal
Ocean with Distributed Acoustic Sensing from Seafloor
Fiber Optic Cables

SMITH, M. M., Woods Hole Oceanographic Institution, Massachusetts, USA,
madisonmsmith@whoi.edu; GLOVER, H., Oregon State University, Oregon,
USA, gloverha@oregonstate.edu; THOMSON, J., University of Washington,
Washington, USA, jthomson@apl.washington.edu; WENGROVE, M.,
Oregon State University, Oregon, USA, meagan.wengrove@oregonstate.edu;
DAVIS, J. R., University of Washington, Washington, USA, davisjr@uw.edu;
WU, W,, Woods Hole Oceanographic Institution, Massachusetts, USA, wenbo.
wu@whoi.edu; WILLIAMS, E. E, University of Washington, Washington,
USA, efwillia@uw.edu

Distributed Acoustic Sensing (DAS) provides a novel opportunity to turn
coastal seafloor fiber optic cables into high-resolution surface wave mea-
surement arrays. A DAS interrogator connected to the shoreward end of a
submarine cable records strain or strain-rate of the cable, which responds to
variations in seafloor pressure (as well as acoustic and other waveforms in the
water column). Strain can be measured on meter-scale spacing over 10s to
100s of kilometers, which enables the cable to act as a series of thousands of
seafloor pressure sensors. Studies so far use empirical methods for conversion
of DAS strain spectra to pressure spectra, which can then be used to calcu-
late surface wave parameters. Comparison between six DAS datasets ranging
from nearshore to continental shelf regions in Alaska, Hawaii, Massachusetts,
North Carolina, and Oregon provides insight into the fundamental controls
on submarine strain. The raw strain recorded in each experiment varied over 4
orders of magnitude. Variations between sites could not be explained by water
depth, wave conditions, or interrogator settings alone, and suggest that cable
characteristics and burial depth are the most important factors controlling
strain magnitude and measurement quality. The empirically-calculated cor-
rection factors varied over 10 orders of magnitude, yet the site-specific empiri-
cal calibrations provided accurate calculations of wave height and period.
With a simple calibration, DAS can provide a particularly appealing method
for observing spatial and temporal changes in wave conditions in regions
with high spatial gradients. We provide two examples of such high-gradient
environments: the seasonally ice-covered Arctic shelf, and a mid-latitude surf
zone. DAS can be used to produce maps of wave processes such as reflection
and attenuation that provide new insight into the physics of the coastal system.

POSTER 23
Near-coast Subsurface Imaging with Distributed Acoustic
Sensing and Double Beamforming

MIAO, Y., University of Michigan, Michigan, USA, yaolinm@umich.edu;
RABADE, S., University of Utah, Utah, USA, san.rabade@gmail.com; SPICA,
Z., University of Michigan, Michigan, USA, zspica@umich.edu

The high cost of active surveys and the scarcity of underwater passive instru-
ments hinder seismic imaging in oceanic environments Ocean-bottom
Distributed Acoustic Sensing (OBDAS) along telecom infrastructure is an
alternative and economical approach to illuminate the subsurface at unprec-
edented resolution and over distances of tens of kilometers. In this study,
we utilize OBDAS data along a 50-km cable perpendicular to the coast of
Oregon to image the continental shelf subsurface using ambient seismic field
(ASF). First, we extract surface waves propagating both landward and sea-
ward via ASF noise cross-correlation and coherent stacking. Then, we apply
a 1D double-beamforming (DBF) workflow to measure the phase velocities
of surface waves across different array subsections and to improve the quality
of the dispersion curves in the 0.2-3 Hz band. Afterwards, we use a Density-
Based Spatial Clustering method to extract multi-modal dispersion curves
from each beam. Finally, we adopt a perturbational-based inversion scheme
to reliably invert for S-wave velocities over the first 200 meters of the sediment
underlying the fiber-optic cable. Our results demonstrate the applicability of
the DBF method on the OBDAS dataset and illustrate the enhanced spatial
resolution of this approach.

POSTER 24
Event Detection Threshold on Submarine Fiber Optic in the
Arctic

STANCIU, C., Sandia National Laboratories, New Mexico, USA, astanci@
sandia.gov; AERTS, J., Sandia National Laboratories, New Mexico, USA,
jraerts@sandia.gov; BAKER, M. G., Sandia National Laboratories, New
Mexico, USA, mgbaker@sandia.gov; FREDERICK, J. M., Sandia National
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Laboratories, New Mexico, USA, jmfrede@sandia.gov; ABBOTT, R. E,
Sandia National Laboratories, New Mexico, USA, reabbot@sandia.gov

Distributed Acoustic Sensing (DAS) is increasingly leveraged for event detec-
tion at local, regional, and teleseismic scales for both earthquakes and anthro-
pogenic sources. Despite the abundance of telecom submarine fiber optic, a
very limited number are accessible to the event monitoring research com-
munity. In Alaska, we interrogate a segment of submarine dark fiber optic
cable, approximately 37 km, extending northward into the Beaufort Sea from
Oliktok Point. Since 2023, this cable has enabled us to continuously monitor
seismic events, capturing hundreds of events ranging from local to teleseis-
mic epicentral distances. Preliminary analyses indicate that this system can
reliably detect teleseismic events of magnitude 4 and higher and local events
down to magnitude 1 across a variety of back azimuths. Variations in cable
depth beneath the seafloor and the presence of ocean surface ice do not have
a significant impact on signal recovery. However, the cable’s geometry affects
the signal amplitude for specific back-azimuths, distances, and hypocen-
ters, particularly across the change in fiber orientation from N-S to NNW to
SSE approximately 5 km offshore. We observe significant signal attenuation
beyond 35 km distance along fiber, likely due to scattering and other non-
linear effects. Additionally, a one-way repeater at the end of interrogatable
section of fiber will not allow signal recovery from the backscattered light and
acts as a hard limit for detection along the fiber. This research demonstrates
that DAS data recorded on submarine fiber optic can be used to monitor both
natural and anthropogenic signals from local to teleseismic distances, demon-
strating the potential to bridge data gaps in regions currently lacking cover-
age from conventional arrays. SNL is managed and operated by NTESS under
DOE NNSA contract DE-NA0003525.

POSTER 25
Advanced Monitoring Techniques for Mitigating Induced
Seismicity in Offshore Subsurface Energy Projects: A Case
Study from the CASTOR Gas Storage Site

UGALDE, A., Consejo Superior de Investigaciones Cientificas, Barcelona,
Spain, a.ugalde@icm.csic.es; VILLASENOR, A., Consejo Superior de
Investigaciones Cientificas, Barcelona, Spain, antonio.villasenor@csic.es;
VENTOSA, S., Consejo Superior de Investigaciones Cientificas, Barcelona,
Spain, sventosa@icm.csic.es; CUBAS, M., Consejo Superior de Investigaciones
Cientificas, Barcelona, Spain, melania@icm.csic.es; LATORRE, H., Consejo
Superior de Investigaciones Cientificas, Barcelona, Spain, hlatorre@icm.
csic.es; RODRIGUEZ, T., Consejo Superior de Investigaciones Cientificas,
Barcelona, Spain, tatiana.isabel@icm.csic.es; RANERO, C. R., Consejo
Superior de Investigaciones Cientificas, Barcelona, Spain, cranero@cmima.
csic.es

The scientific evidence of climate change has led to new energy policies
aiming for a carbon-neutral economy by mid-century. Renewable energies,
energy storage systems, and carbon footprint reduction are crucial for these
goals. Subsurface fluid injection is common in these projects, including green
hydrogen storage in salt caverns and CO, storage in porous rock formations.
Offshore geothermal energy production also involves deep underground
water injection. Induced seismicity is a global concern in fluid injection
projects, necessitating risk assessments for future operations. Fluid injection
changes crustal stress, generating earthquakes whose frequency and magni-
tude vary with the injection rate. Long-term monitoring plans are essential for
these multi-decadal, capital-intensive projects. Mitigating induced seismicity
involves addressing four major issues: studying natural seismicity to evalu-
ate fault activity, preventing injection-triggered faults, ensuring underground
storage integrity, and managing moderate induced seismicity to prevent social
alarm. Offshore storage sites, though challenging for seismic monitoring,
reduce risks by being far from populated areas.

Effective monitoring integrates optical fiber cables with Distributed
Acoustic Sensing (DAS) systems and Al algorithms for seismic detection,
analysis, and location. This technology provides high-density seismological
records, being an unparalleled tool to unravel the active tectonics of a tar-
get region. This approach was tested at the CASTOR offshore gas storage site,
where significant induced seismicity occurred in 2013 due to gas injection.
The facility, now in a phase of hibernation, was monitored for three months
in 2023 using DAS on a telecom fiber optic cable connecting the offshore plat-
form with the land facility. We recorded and located low-magnitude earth-
quakes under the platform, undetected by the national seismic network. This

successful implementation highlights the potential of advanced monitoring
technologies in ensuring the safety and viability of critical energy projects.

POSTER 26

Mining Ocean Bottom Distributed Acoustic Sensing data
with 2D Scattering Network

VIENS, L., Los Alamos National Laboratory, New Mexico, USA, lviens@
lanl.gov; SEYDOUX, L., Institut de physique du globe de Paris, Université
Paris Cité, Paris, France, seydoux@ipgp.fr; DELBRIDGE, B. G., Los Alamos
National Laboratory, New Mexico, USA, delbridge@lanl.gov

Distributed Acoustic Sensing (DAS) data provide unprecedented 2-D spatio-
temporal information about the seismic wavefield. While a large variety of
signals from both natural and anthropogenic sources has been identified in
DAS data in various environments, new signals and/or hidden patterns are
still likely to be discovered due to the vast amount of data generated by the
technology. Deep scattering networks, which are equivalent to convolutional
neural networks with convolutional filters restricted to wavelets, have been
shown to be a very powerful tool to discriminate complex seismic signals
recorded by seismometers (i.e., Seydoux et al., 2020). In this work, we extend
the 1-D scattering network approach to two dimensions to incorporate the
spatio-temporal information from DAS data. The 2-D scattering network
approach, which takes advantage of 2-D wavelets, is applied to time-distance
images of DAS data to accurately represent the variations of the signals propa-
gating across the array with different frequencies. Independent Component
Analysis (ICA) is then used to capture the most significant features provides
by the 2-D scattering representation of the data and hierarchical clustering
is applied to group similar signals in an unsupervised manner. We apply the
clustering technique to five months of continuous DAS data recorded offshore
Cordova, AK, and show that a large variety of transient signals (i.e., earth-
quakes) and slow water movements from the water column can be clustered.

POSTER 27
DeepDAS: Earthquake Phase Picker from Submarine
Distributed Acoustic Sensing Data

XIAO, H., GFZ Potsdam, Potsdam, Germany, xiaohan@gfz-potsdam.de;
TILMANN, E, GFZ Potsdam, Potsdam, Germany, tilmann@gfz-potsdam.de;
RIVET, D., Université Cote d’Azur, CNRS, Observatoire de la Cote d’Azur,
IRD, Géoazur, Valbonne, France, diane.rivet@geoazur.unice.fr; VAN DEN
ENDE, M., Université Cote dAzur, CNRS, Observatoire de la Cote d’Azur,
IRD, Géoazur, Valbonne, France, martijn.vandenende@oca.eu; LOUREIRO,
A., University of Lisbon, Lisbon, Portugal, maloureiro@fc.ul.pt; TSUJI, T.,
University of Tokyo, Tokyo, Japan, tsuji@sys.t.u-tokyo.ac.jp

The EU-INFRATECH funded SUBMERSE project will establish continuous
monitoring of several oceanic telecom cables for landing sites in Portugal,
Greece, and Svalbard. We develop tools for the automated analysis of these
upcoming data sets as well as other submarine DAS data. Employing DeepLab
v3, a cutting-edge deep neural network architecture renowned for its exem-
plary performance in semantic segmentation, this project aims to develop a
specialized machine learning model for the detection of earthquakes and the
identification of P and S waves using submarine DAS data. The inherently
two-dimensional nature of our input data mandates the adoption of DeepLab
v3.

Confronted with the distinctive challenges posed by submarine DAS
data, which encompass varied oceanic noise environments and a spectrum
of operational parameters including cable length, configuration, channel
spacing, deployment conditions, and geographic diversity, we have chosen to
implement a more expansive model to enhance detection capabilities. This
project exclusively utilizes submarine DAS seismic records, now encom-
passing nearly three million earthquake records from multiple international
locales. This approach ensures that our model is more effective to the unique
characteristics of the submarine environment.

Our findings corroborate the model’s good capacity to detect seismic
events and accurately categorize P and S waves using single-component multi-
channel DAS data—a notable feature considering the absence of the three
components typically essential for wave discrimination in conventional seis-
mology. The model proficiently differentiates between P and S waves, even in
scenarios where the order of these waves is reversed or their amplitudes are
markedly altered, indicating that the model discerns complex patterns and
features inherent in seismic data beyond mere amplitude analysis.
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POSTER 28

DAS Fiber Optics in Brazil, Why We Are Not Using It Yet
FRANCA, G., Universidade de Sao Paulo, Sao Paulo, Brazil, georgefranca@
gmail.com

This work presents an analysis of potential areas in Brazil for the application
of Distributed Acoustic Sensing (DAS) technology with optical fiber, high-
lighting the difficulties of support from foundations and the private sector,
thus proposing solutions to promote effective collaborations. In the last 10
years, Brazil has not yet explored the use of DAS with optical fiber. This study
aims to identify promising regions for implementation, characterize the main
difficulties encountered and suggest strategies to overcome these obstacles,
facilitating the advancement of technology in the country.

POSTER 29

Enabling Access to DAS Earthquake Data with FiberSense’s
DigitalSeismic Platform

MCNAB, A., FiberSense, California, USA, andy.mcnab@fibersense.com;
JONES, A., FiberSense, California, USA, albin.jones@fibersense.com;
HUBBARD, P, FiberSense, California, USA, peter.hubbard@fibersense.com;
KELLETT, R., GNS Science, Lower Hutt, Wellington, New Zealand, r.kellett@
gns.cri.nz; HENRYS, S., GNS Science, Lower Hutt, Wellington, New Zealand,
S.Henrys@gns.cri.nz; GRAHAM, K., GNS Science, Lower Hutt, Wellington,
New Zealand, k.graham@gns.cri.nz; STRATFORD, W., GNS Science, Lower
Hutt, Wellington, New Zealand, w.stratford@gns.crinz; BENSON, A,
GNS Science, Lower Hutt, Wellington, New Zealand, a.benson@gns.cri.nz;
LINDSEY, N. J., FiberSense, California, USA, nate.lindsey@fibersense.com

A screenshot of the global fiber telecom network map motivates the photonic
seismology community to scale up what is possible in earthquake seismology,
but the effort required to execute any single DAS experiment on this network
is extraordinary. Many potential photonic seismologists are frustrated by high
barriers to entry like fiber access, interrogator cost, interrogator configuration
and know-how, security, and terabyte-per-day data management. Scientific
understanding in this field (and many others!) would accelerate if only we
could make DAS data as accessible as satellite-based earth observation data.
FiberSense is addressing this problem through the development of a new data
collection, storage, processing, and retrieval platform. Earthquake waveform
data and metadata are collected from telecommunications fiber networks
using FIberSense DAS systems and streamed in real time to the cloud, where
they are stored and processed at scale, and from which they can be retrieved
on demand. Seismology data products such as peak ground acceleration
values, P- and S-wave arrival times and waveforms, waterfall diagrams, and
digital map overlays with local surface geology are generated at time of data
collection and stored for retrieval. We are currently working in several major
earthquake zones in the Western US and New Zealand supporting local geo-
physics groups.

POSTER 30
Lossless and Lossy Compression for Distributed Acoustic
Sensing Using Inter-channel Predictions

SEGUI, A., ETH Zurich, Zurich, Switzerland, asegui@student.ethz.
ch; UGALDE, A. Consejo Superior de Investigaciones Cientificas,
Barcelona, Spain, a.ugalde@icm.csic.es; VENTOSA, S., Consejo Superior
de Investigaciones Cientificas, Barcelona, Spain, sventosa@icm.csic.es;
MORROS, J. R., Universitat Politecnica de Catalunya, Barcelona, Spain,
ramon.morros@upc.edu

Distributed Acoustic Sensing (DAS) offer unique advantages to extensive
monitoring initiatives due to its long-distance, high-density arrays of real-
time acoustic sensors. However, high-resolution and long-term applications
generate a large amount of data, on the order of hundreds of terabytes per year,
presenting challenges for processing and storage. As a result, leveraging inno-
vative data compression techniques is essential for scaling up DAS monitor-
ing. DAS arrays are composed of multiple channels carrying highly correlated
and coherent signals. These redundancies allow to exploit inter-channel com-
pression, which use predictions from consecutive channel signals and achieve
a higher compression ratio compared to compressing each channel separately.

In this work, we propose a novel coding scheme for DAS data that
improves state-of-the-art compression. Encoding follows a pipeline composed
of intra-prediction, inter-prediction, transform and entropy coding. For lowly
correlated channels, intra-channel prediction is realized by means of Linear

Prediction Coding. For inter-channel prediction, we propose three different
methods: (1) prediction by warping and scaling the signal from the consec-
utive channel, (2) a linear predictor is learned over many channels and (3)
wavelet transforms are used to disentangle data signals of different frequency,
allowing fine-grained prediction. Entropy coding is done by a combination
of adaptive arithmetic coding and run-length coding. The implementation is
divided into an encoder and a decoder. The encoder uses bitrate optimiza-
tion for decisions on the prediction methods and parameter values and can
be tuned for either speed or high-compression modes. In addition, we explore
lossy quantization by adding tunable quantization of the transformed signal,
which we observe to achieve significantly higher compression at the expense
of quantization noise. The designed algorithms and the provided implementa-
tion facilitate the deployment of long-term DAS monitoring.

POSTER 31
Developing Standards and Building Capacity for Photonic
Seismology Data

TRABANT, C., EarthScope Consortium, District of Columbia, USA, chad.
trabant@earthscope.org; MENCIN, D., EarthScope Consortium, District of
Columbia, USA, david.mencin@earthscope.org; CARTER, J., EarthScope
Consortium, District of Columbia, USA, jerry.carter@earthscope.org;
BRIGGS, M., EarthScope Consortium, District of Columbia, USA, matt.
briggs@earthscope.org; BERGLUND, H., EarthScope Consortium, District of
Columbia, USA, henry.berglund@earthscope.org

Existing facilities for storing and distributing traditional geophysical data are a
logical repository option for DAS and related data. While there are many simi-
larities between these geophysical observation types, the differences represent
some significant challenges to managing and exchanging DAS data. First, and
most widely recognized, the volume of data produced by DAS observations
is often orders of magnitude larger than traditional geophysical data. Already
the volume of DAS experiment data over the last few years has surpassed the
total collected volume of geophysical data sets in facilities handling traditional
data over the last 40 years. Second, multiple DAS-specific metadata fields are
required. Third, the usage patterns of DAS data often require large volumes
that are more akin to dense array, nodal, or refraction processing. When con-
sidering these issues, EarthScope has concluded that traditional geophysical
data and metadata formats are insufficient to meet the needs of facilities and
researchers.

To address these challenges, EarthScope is working with international
peers to develop strategies and standards for DAS. An early conclusion is
that the adoption of object storage is important to support the large volumes
needed in a flexible and cost effective manner. A new metadata specification
based on the work of the DAS Research Coordination Network recommenda-
tions is being developed and will support the specialized needs of these exper-
iments and allow open exchange of metadata. The data container will be based
on TileDB and designed to work well in object storage environments while
supporting analysis-ready access at scale. One of the goals of this effort is to
submit specifications for DAS data and metadata formats to the International
Federation of Digital Seismograph Networks for adoption as a broadly recog-
nized standard. EarthScope is also developing systems that will allow users to
conduct their research computing near the stored data, removing the require-
ment to transmit such large volumes over the internet.

Urban Seismology [Poster]
Poster Session « Wednesday and Thursday

POSTER 32

A Corpus of Signals From a 12-month DAS Experiment at
Southern Methodist University

ARROWSMITH, S., Southern Methodist University, Texas, USA,
sarrowsmith@gmail.com; SHARMA, J., Southern Methodist University, Texas,
USA, jyotis@smu.edu; HAYWARD, C., Southern Methodist University, Texas,
USA, hayward@smu.edu; DESHON, H., Southern Methodist University,
Texas, USA, hdeshon@smu.edu

Since August 2023, we have been continuously experimenting with DAS capa-
bilities on the Southern Methodist University (SMU) campus using 2-10 km
long commercial dark fiber with an OptaSense QuantX Strain Interrogator
Unit (IU). During this period, we have recorded a variety of seismoacous-
tic signals, including natural events (e.g., earthquakes, thunderstorms) and
anthropogenic signals (e.g., rotary subwoofer, vehicular movements, building
demolitions, football games). All these records are well recorded in a wide fre-
quency range of 0.01-250 Hz at a spatial spacing of 1-2 m with a gauge length
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of 4-16 m. The recorded signals are clearly visible in Frequency-Wavenumber
(F-K) transform plots that are utilized to calculate apparent velocities. For
several events, infrasound and conventional broadband measurements were
made alongside the DAS measurements, enabling us to explore coupling
effects. This presentation summarizes the variety of signals we have detected
and explores some applications of the signals for exploring source and path.

POSTER 33
Characterizing Near-surface Velocity Structure and Site
Responses at the MIT Campus Using Telecommunication
Dark Fibers with DAS

CHANG, H., Massachusetts Institute of Technology, Massachusetts, USA,
hilarych@mit.edu; NAKATA, N., Lawrence Berkeley National Laboratory,
California, USA, nnakata@Ibl.gov

Dark fibers in the telecommunication network can be useful tools for urban
site characterization with Distributed Acoustic Sensing (DAS). In 2022,
we collected 5 days of continuous strain-rate data from the dark fibers on
the Massachusetts Institute of Technology (MIT) campus in Cambridge,
Massachusetts. The cables are buried 2 - 5 feet below ground, lying hori-
zontally in an air-filled conduit. We performed a tap test with a hammer to
locate the channels along the cable. The fiber captured environmental signals
from human activities such as traffic, passing trains, and construction. We
use ambient noise surface waves to investigate the shallow shear-wave velocity
structure (Vs). To extract surface waves from ambient noise, we remove large
transient signals and calculate cross-coherence between channel pairs using
a 1-minute time window. We manage to extract coherent Rayleigh waves at
two segments on the cable (40% of the total available length) after stacking in
time and bin-stacking coherograms according to the inter-station distance.
We use the dispersion relation of Rayleigh waves to invert for Vs structure on
the top ~120 m. The resolution is constrained by (1) the length of the target
cable segment and (2) twice the gauge length, which place bounds on the lon-
gest and shortest wavelength we can reliably resolve, respectively. The veloc-
ity profiles show low Vs (0.1 - 0.3 km/s) materials overlying a hard bedrock
(1.5 - 1.8 km/s), which results in a strong impedance contrast at 75 m -95 m.
Our results agree with previous studies on nearby sites using well logs, active
and passive seismic surveys. The transfer functions simulated by the 1D Vs
profile show resonance peaks at 0.6 — 1 Hz, which is important to consider for
improving the seismic resistance of local buildings.

POSTER 34
Detection and Location of Operational Activity at the
Sanford Underground Research Facility

CUNNINGHAM, E., Oak Ridge National Laboratory, Tennessee, USA,
cunninghamee@ornl.gov; MARCILLO, O., Oak Ridge National Laboratory,
Tennessee, USA, marcillooe@ornl.gov; LORD, N., University of Wisconsin,
Madison, Wisconsin, USA, nlord@wisc.edu; FRATTA, D., University of
Wisconsin, Madison, Wisconsin, USA, Fratta@wisc.edui; WANG, H.,
University of Wisconsin, Madison, Wisconsin, USA, hfwang@wisc.edu

We use data collected with a 3D distributed acoustic sensing (DAS) array at
the Sanford Underground Research Facility to test the potential of using DAS
data and arrays to detect and locate facility operations (e.g., drilling, ventila-
tion fans, conveyor systems, and personnel and cart movements). Traditional
seismic detection and geolocation techniques are often designed for a single
energetic impulsive signal (e.g., blasts and earthquakes), in which the back-
ground noise is stationary. Contrarily, machine operations generate continu-
ous, low amplitude, and spectrally discrete seismic signals. We demonstrate
a technique that is effective in identifying changes in specific regions of the
power spectral density (PSD) to monitor anthropogenic activity using DAS
data. This PSD-based detector identifies events with distinct frequency sig-
natures, even in cases where signals overlap in time or exhibit dynamic fre-
quency content. We also evaluate amplitude attenuation with distance in the
fiber data to estimate the locations of underground sources. This method suc-
cessfully determines a source region in a cluttered environment for facility
monitoring, and it is ideal for the high spatial sampling and array geometry
of the 3D DAS array. Amplitude variations in DAS can result from cable cou-
pling, so we also assess the effect of fiber emplacement in the attenuation of
signals with distance.

POSTER 35
Urban Seismic Monitoring on Spatiotemporal Relative
Velocity Changes with Seismic Interferometry and
Distributed Acoustic Sensing

LI, Y., University of Michigan, Michigan, USA, yangyli@umich.edu;
PERTON, M., Universidad Nacional Auténoma de México, CDMX, Mexico,

mathieu.perton@gmail.com; SANCHEZ-SESMA, F. J., Universidad Nacional
Autéonoma de México, CDMX, Mexico, sesma@unam.mx; SPICA, Z.,
University of Michigan, Michigan, USA, zspica@umich.edu

Urban areas, particularly those with high seismic rates and unique geological
structures like Mexico City, face significant seismic risks. However, monitor-
ing seismic activity in such environments is a formidable task, often leading
to inadequate and imprecise quantification of seismic hazards. This challenge
is primarily due to the difficulties associated with installing and maintaining
traditional seismic instrumentation in populated and asphalted areas. In con-
trast, Distributed Acoustic Sensing (DAS) offers a unique solution. By har-
nessing existing telecommunication fiber optic cables as seismic arrays, DAS
provides an unparalleled spatiotemporal resolution, revolutionizing urban
seismic monitoring.

On May 6th, 2022, we conducted a DAS experiment using a telecom
fiber along a subway line in Mexico City. This setup covered a 29-kilometer
sublinear path between the south and the north of the city, offering the equiva-
lent of 2266 seismic channels and, therefore, the largest seismic experiment
ever conducted in the region. During our experiment, a Mw7.6 earthquake
struck Michoacdn on Sep 19th, 2022, approximately 450 km from the city. The
DAS system captured high-quality data from this event, enabling an investiga-
tion of site responses in city areas.

In this study, we applied seismic interferometry on the ambient noise
field of DAS data and the stretching method to monitor seismic velocity
changes in Mexico City. Our findings, which demonstrate the daily velocity
variations along the fiber, have significant implications. The analysis reveals
varying degrees of velocity reduction following the 2022 Mw7.6 earthquake,
providing crucial insights into the city’s seismic response. This work under-
scores the efficacy of DAS in spatiotemporal monitoring of velocity variations
in urban environments, thereby offering invaluable information for urban
hazard assessments and mitigation strategies.

POSTER 36

Spatiotemporal Models of Pedestrians and Vehicles Using
Machine Learning and Back-projection

LUCKIE, T., Sandia National Laboratories, New Mexico, USA, twlucki@
sandia.gov; PORRITT, R., Sandia National Laboratories, New Mexico, USA,
rwporri@sandia.gov; BAKER, M. G., Sandia National Laboratories, New
Mexico, USA, mgbaker@sandia.gov

The high spatial and temporal resolution of Distributed Acoustic Sensing
(DAS) allows for the recording and analysis of signals typically considered
a nuisance with unprecedented fidelity. Here, we focus on two such nuisance
signals: pedestrians and passing vehicles. Given the large volume of data gen-
erated by DAS, employing machine learning (ML) methods to such urban
seismology settings allows for the analysis of these signals, providing informa-
tion about the human community near the fiber. Many studies have used con-
volutional neural network (CNN) models with a binary classification (noise,
signal), generally focusing only on walking signals.

We leverage modern advancements in ML to characterize the wave-
forms and higher order data products to distinguish walking and vehicle sig-
nals from each other and from background noise. We find two approaches,
k-nearest neighbors and CNN, both perform significantly better than a simple
amplitude threshold detection method. We associate detections into events
using a Gaussian Mixture Model (GaMMA; Zhu et al., 2021) and locate mov-
ing sources through time with back-projection. Back-projection estimates can
locate the sources to within ground truth GPS accuracy when the source is
within ~20 meters of the fiber.

The detection threshold is dependent on several factors including: the
impact force, the local geologic attenuation of the soil, the sensitivity of the
sensor, and the incidence angle between the source and the fiber. We com-
pare a theoretical treatment of detectability from Tsai et al., (2012) and our
empirical observations of detection finding a close match between theory and
application. This suggests that transportability of this test will vary based on
local conditions and provide a potential method of characterizing local geo-
logic structure relevant to urban and environmental applications using readily
available, traditionally nuisance, sources.

SNL is managed and operated by NTESS under DOE NNSA contract
DE-NA0003525.

POSTER 37
Assessing Impact of Preprocessing Techniques for DAS
Ambient Noise Survey in Urban Environments

MAIER, N., Los Alamos National Laboratory, New Mexico, USA, nmaier@
lanl.gov; DONAHUE, C. M., Los Alamos National Laboratory, New Mexico,

Photonic Seismology: Lighting the Way Forward Seismological Society of America 7-10 October 2024| Vancouver, BC | 37



USA, cmd@lanl.gov; HARTER, A., Los Alamos National Laboratory, New
Mexico, USA, harter@lanl.gov

Distributed Acoustic Sensing along dark fiber has become a common place
way to increase sensor density in urban environments. A common challenge
for these surveys is noise characteristics. Fiber coupling along the conduit
hosting the fiber unknown and often results in varying sensor quality along
a fiber. Moreover, temporal changes in noises sources, either continuous or
impulsive, can hinder analysis where specific noise assumptions are needed.
Here, we present an initial analysis of different preprocessing techniques to
improve data quality for ambient noise DAS survey conducted along a dark
fiber located in New Mexico. Seven days of data was collected along a seven-
kilometer-long dark fiber adjacent to a heavily used truck route which has
distinct and temporally varying noise characteristics. We implement different
techniques to identify and improve signal quality for noisy gauges, account
for time-varying noise sources, and locate and remove impulsive events. We
show how each of these techniques improves the correlation of ambient noise
between gauges and improves our ability to detect transient velocity changes
between sensors. Even though the survey target is urban environments, since
most telecom fiber is installed adjacent to roads, we suggest our findings will
also be applicable rural areas as well.

POSTER 38

Characterizing Low-yield Mining Blasts Using Distributed
Acoustic Sensing (DAS)

MILLER, J. J., Pennsylvania State University, Pennsylvania, USA, jfm6286@
psu.edu; ZHU, T., Pennsylvania State University, Pennsylvania, USA, tuz47@
psu.edu; CZARNY, R., Institute of Mine Seismology, Kingston, Australia, rav.
czarny@gmail.com

Distributed Acoustic Sensing (DAS) has been shown to be a reliable method
in the detection of various seismic sources from megathrust earthquakes to
small-magnitude explosive sources. As Lior et al. (2023) showed, DAS can
be possibly used for real-time magnitude estimation and ground motion
prediction. Here we report the DAS recordings of mining blast events from
the Six Mile and Shawville mines approximately 25 kilometers northwest of
Philipsburg, Pennsylvania, and 50 kilometers northwest of the FORESEE DAS
array using telecommunication fiber-optic cables beneath the Pennsylvania
State University campus in the city of State College, Pennsylvania. Our DAS
array detected 325 of 808 recorded blasts, 234 of which lay outside our moni-
toring period between 2019-2021, for a 57% detection rate and observed
99 more events than The Pennsylvania State Seismic Network (PASEIS).
Observed explosive tonnage ranged from 6,156 to 57,7801bs (lowest to highest
yield source observed) at 19 and 70-foot hole depths respectively. Using pre-
detected events, we use template matching to search for hidden blast events.
Our final goal is to assign magnitude estimates to the observed blasts by using
the methods described in Yin et al. (2023). If this approach proves to estimate
earthquake magnitude of low-yield explosive sources reliably and rapidly, we
propose incorporating this method into geohazard early warning on the seis-
mically vulnerable east coast of the United States.

POSTER 39
On the Spatial Subsurface Localization of Seismic Velocity
Changes in Mexico City Using DAS

RAMOS-AVILA, V., Universidad Nacional Auténoma de México, Mexico
City, Mexico, valente.rav@gmail.com; PERTON, M., Universidad Nacional
Auténoma de México, Mexico City, Mexico, MPerton@iingen.unam.mx;
SPICA, Z., University of Michigan, Michigan, USA, zspica@umich.edu;
SANCHEZ-SESMA, FE J., Universidad Nacional Auténoma de México,
Mexico City, Mexico, sesma@unam.mx

This study examines the impact of subsoil velocity changes in dispersion
curves from DAS records in Mexico City. In recent years, Distributed Acoustic
Sensing (DAS) technology has become a popular tool for investigating subsur-
face properties in urban environments. DAS records have been successfully
used to extract dispersion curves and perform tomographies. From May 2022
to July 2023, we conducted a DAS experiment in Mexico City, well-known
for its complex geology and underground water reservoirs that result in low
elastic velocities under most of the city. A preliminary study has success-
fully measured dv/v velocity changes by stretching the coda of the correla-
tion (Urban Seismic Monitoring on Spatiotemporal Relative Velocity Changes
with Seismic Interferometry and Distributed Acoustic Sensing, also presented
in this conference). They show that the highest velocity changes are restricted
to a narrow time-frequency band and are present in a limited area along the
fiber. They also show the main waves contributing to the dv/v, however, it is
not clear which depth is inducing these changes. Some theoretical sensitiv-

ity kernels have been proposed in the literature to investigate the horizontal
regions of influence on dv/v changes, but determining the depth of contribu-
tion is still challenging. Attempts to see velocity changes in the tomographic
procedures usually involve high velocity media. We show that the low velocity
media of Mexico City enhance the sensitivity to seismic velocity changes and
we aim to reveal the depth of the dv/v changes through a 4D tomographic
inversion.

POSTER 40
Imaging the Urban Subsurface Using Thunderquakes

ROTH, N., Pennsylvania State University, Pennsylvania, USA, njr5569@psu.
edu; ZHU, T., Pennsylvania State University, Pennsylvania, USA, tuz47@psu.
edu

Thunderstorms generate abundant acoustic disturbances that interact with the
ground, creating rich sources of seismic energy in urban environments where
large-scale seismic surveys can be especially challenging. We recorded and
analyzed thunderstorm-induced seismic events, “thunderquakes,” and their
potential for urban seismic studies using a distributed acoustic sensing (DAS)
array. The array is repurposed from a dark telecommunications fiber beneath
urban State College, PA, as part of the Fiber-Optic for Environmental Sensing
(FORESEE) project. Thunderquakes seen by the DAS array have already
been used to locate their lightning-strike sources, and a novel DAS-specific
amplitude analysis technique showed that thunderquakes contain significant
Rayleigh wave energy. This allows us to use classical Rayleigh wave dispersion
analysis on over one hundred high-quality thunderquake signals. The disper-
sions are fed through a Monte Carlo inversion algorithm to derive shear wave
velocity profiles for the State College area, which we compared with profiles
obtained from hammer-strike geophone studies at collocated sites. The results
from these two methods align, revealing local geology and demonstrating a
novel approach for urban near-surface seismic velocity characterization.

POSTER 41
Addressing Challenges of Accurately Measuring
Earthquake Ground Motions Using Commercial Dark Fiber
in an Urban Environment

SHARMA, J., Southern Methodist University, Texas, USA, jyotis@smu.
edu; ARROWSMITH, ., Southern Methodist University, Texas, USA,
sarrowsmith@smu.edu; HAYWARD, C., Southern Methodist University,
Texas, USA, hayward@isem.smu.edu; DESHON, H., Southern Methodist
University, Texas, USA, hdeshon@smu.edu; CHAVARRIA, A., Luna
OptaSense, California, USA, andres.chavarria@optasense.com

Seismic monitoring using conventional broadband seismometers can be chal-
lenging in urban environments due to limitations of land access. To evalu-
ate the use of fiber optic sensing in urban environments, we interrogate ~95
km-long pre-existing dark fiber in an area with heavy traffic in Dallas, Texas,
using a strain Interrogator Unit. To compare with traditional seismometers,
we deployed 10 three-component broadband seismometers at different loca-
tions along the fiber cable and tested the Distributed Acoustic Sensing (DAS)
on different configurations. We observed some known and unknown chal-
lenges with using the commercial dark fiber to retrieve reliable estimates of
ground motion. These include the presence of aerial fiber sections, slack fiber
in handholes, and varying fiber cable coupling with the ground. We have
provided a computational-based solution for the identification of sections of
fiber that cannot be used to retrieve reliable ground motions. In addition, we
provided a criterion for using the Frequency-Wavenumber (F-K) transform
technique to convert the DAS strain to ground velocities with different ground
coupling conditions. Using a modified F-K transform technique, we have reli-
ably matched the earthquake ground velocity records of DAS with seismom-
eter recordings.

POSTER 42

Innovative Applications of Distributed Acoustic Sensing in

Railway Monitoring

URMANTSEVA, L., AP Sensing GmbH, Boeblingen, Germany, lena.
urmantseva@apsensing.com; WILMA, K., AP Sensing GmbH, Boeblingen,
Germany, Kevin.Wilma@apsensing.com

Distributed Acoustic Sensing (DAS) is increasingly being used in various
applications, gaining particular importance in rail and train monitoring.
When integrated with existing optical fiber infrastructure, DAS offers a reli-
able, continuous and cost-effective monitoring solution. This technology
can complement or even replace conventional rail monitoring techniques.
Additionally, DAS is a powerful tool for understanding underground geologi-
cal processes and managing geologic hazards.
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This technical presentation aims to demonstrate how standard telecom-
munication fibers along the railtrack, known as “dark fibers,” can be employed
for a variety of applications, including monitoring of railtrack condition, vari-
ous human activities and potentially hazardous natural phenomena.

By integrating DAS technology with optical fiber cable infrastructure
along railways, we achieve a scalable solution for continuous monitoring.
Beyond monitoring track and rail conditions, DAS-equipped railway net-
works have potential applications in earthquake monitoring and near-surface
characterization, enabling real-time geological process monitoring. Several
case studies illustrate the deployment of DAS along different railway tracks,
capturing seismic wave arrivals with high spatial and temporal resolution.
Additionally, the presentation will focus on utilizing trains as seismic sources.
Real-life examples will demonstrate the efficiency of fiber optic DAS technol-
ogy for near-surface monitoring beneath railways, providing high resolution
and reliability. This innovative approach enhances railway infrastructure resil-
ience, facilitates preventive maintenance, and helps prevent safety hazards.

POSTER 43

Deep Learning Models Applied to Localization of Mexico
City Microseismicity Recorded with DAS

VARGAS, K. A., Universidad Nacional Auténoma de México, Mexico
City, Mexico, seismo.ai.kevvargas@gmail.com; PERTON, M., Universidad
Nacional Auténoma de México, Mexico City, Mexico, mathieu.perton@
gmail.com; SPICA, Z., University of Michigan, , USA, zspica@umich.edu;
ORTIZ-AVILA, A., Universidad Nacional Auténoma de México, Mexico
City, Mexico, alfonsoortizavila@gmail.com; RAMOS-AVILA, V., Universidad
Nacional Auténoma de México, Mexico City, Mexico, valente.rav@gmail.
com; LI, Y., University of Michigan, , USA, yangyli@umich.edu; LEGRAND,
D., Universidad Nacional Auténoma de México, Mexico City, Mexico,
denis@geofisica.unam.mx; SANCHEZ-SESMA, E. J., Universidad Nacional
Auténoma de México, Mexico City, Mexico, sesma@unam.mx

Localizing earthquakes is not always easy. In particular, we show that most of
the localizations of local earthquakes in Mexico City can be seriously ques-
tioned. Although the seismic network has been densified for the 20 past years,
the highly heterogeneous media in the city and the rapidly evolving ratios
Vp/Vs through depth (about a factor of 100 in the first 80m of depth and
then about 1.7 at 1km depth) make obsolete the general tools for localization.
Worst, the first observed shear arrival does not always follow a direct path,
and phase identification with a scattered seismic network in such a geological
context is uncertain.Then, the high spatial and temporal resolution measure-
ments in Mexico City, such as the ones associated with Distributed Acoustic
Sensing (DAS) technology, are of significant interest. We experimented from
2022 to 2023 and detected a hundredth of local earthquakes. We show that it
is easy to follow several phases through a large number of channels. However,
DAS measurements conducted with dark fibers in urban environments don’t
allow for observation of compressional wave.

We will also show that localizations can be improved by considering
more than the direct P and S arrivals. However, identifying each phase is out of
the question. Instead, we would apply convolutional neural networks (CNN),
which are well-suited for this task due to their ability to capture spatial and
local patterns within the data. The CNN architecture was designed to include
multiple convolutional layers with appropriate kernel sizes to extract features
from data, followed by fully connected layers to map these features to the 3D
coordinates. Data preprocessing involved denoising, normalization, and seg-
mentation of DAS signals to focus on relevant temporal windows associated
with microseismic events. The model was trained using a supervised learn-
ing approach, where the known positions of microseismic events served as
ground truth. A comprehensive evaluation using a separate validation set was
conducted to assess the model’s performance and generalization capability.

POSTER 44
Detecting Potential Sinkholes Using Distributed Acoustic
Sensing Array

WANG, Z. Pennsylvania State University, Pennsylvania, USA,
zhinongwang0814@outlook.com; ZHU, T., Pennsylvania State University,
Pennsylvania, USA, tuz47@psu.edu

Sinkholes are most common in karst landscapes and can cause serious geo-
hazard if they occur in densely populated areas. In urban region, Distributing
Acoustic Sensing (DAS) with pre-existing telecom fiber-optic cables can
record high-fidelity seismic wavefields with great spatiotemporal resolu-
tions. This gives an invaluable tool to develop cost-effective seismic meth-
ods to characterize underground space. In this study, we demonstrate to use
spatially-dense DAS recordings from the Fiber Optic foR Environmental
SEnsEing (FORESEE) array in State College PA to detect potential sinkholes.
We used ambient noise interferometry method for traffic signal recorded by
DAS array to obtain Noise Cross-correlation Functions (NCFs). From the
dispersion spectrums of NCFs, we discovered the unique inverse dispersion
phenomenon of surface waves (i.e., phase velocities increase with increas-
ing frequencies), which is typically caused by the low-velocity half space.
Theoretically, the low-velocity half-space model will produce leaky surface
waves corresponding to the complex roots of dispersion function. We dem-
onstrated to practically use the leaky surface-wave dispersion curve inversion
for detecting low-velocity half spaces by searching the complex roots in the
complex-velocity plane. Using all NCFs along the FORESEE array, we recon-
structed the 2D underground shear-wave velocity map and found obvious
low-velocity anomaly regions. These anomalies imply the fractured dolomite
and limestone formations with karst features (cavities and sinkholes) due to
the groundwater dissolution and erosion of limestone/dolomite. This study
demonstrates the important role and potential use of DAS for urban geohaz-
ard prevention.

POSTER 45

Physics-Informed Deep Learning for Bridge Displacement
Estimation Using DAS Data

ZHONG, Y., Tsinghua University, Beijing, China, zhongyc22@mails.tsinghua.
edu.cn; GU, C,, Tsinghua University, Beijing, China, guchch@mit.edu; WU,
P, Tsinghua University, Beijing, China, WUP23@MAILS. TSINGHUA.EDU.
CN; ZHIL, Y., Tsinghua University, Beijing, China, karongsama@gmail.com;
CHEN, Z., Tsinghua University, Beijing, China, zhuoyu-c21@mails.tsinghua.
edu.cn

Bridges are vital components of urban infrastructure, crucial for human
livelihoods and economic prosperity in city centers. Monitoring bridge dis-
placement is essential for assessing the structural health of bridges. However,
achieving long-range, continuous, and high-precision monitoring of struc-
tural displacements still remains a significant challenge. In this study, we
developed a distributed acoustic sensing (DAS) system and millimeter-wave
radar on a highway bridge for collecting dynamic responses of structure. We
trained a Physics-Informed Neural Network (PINN) to convert DAS data
into bridge displacements based on governing equations for bridge dynamics,
using radar data as the ground truth for displacement. A mode shape guided
method was adopted to adjust the overall response of the whole bridge, result-
ing in high-precision displacement data for the entire bridge. Additionally,
we analyzed the sensitivity of unarmored and armored fiber optic cables for
structural dynamic acquisition. It has been discovered that armored fiber optic
cables can reduce the signal-to-noise ratio by 6-9dB in the primary observa-
tion frequency band, with this influence diminishing as frequency increases. It
provides insights for the industrial application of DAS. The study confirms the
strong potential of DAS for monitoring critical urban infrastructure.
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