[bookmark: _Hlk200617792]
	Project Number:
	[bookmark: Text1]  902401



	Project Start: Jan. 1,
	[bookmark: Text2]   2024  [footnoteRef:1] [1:  This date and number should remain the same for the duration of the project. If your project start date for 2024 is not January 1, please indicate the start date in the first cell of the milestone chart. Format for duration example: “Year 2 of 5”.] 

	Project Duration (in years):
	[bookmark: Text3]Year 3 of 31


	
Please indicate if proposal includes requests for any of the following (mark all that apply).

	
	X
	
	
	
	
	
	X
	
	
	
	
	
	
	

	Ship Time
	ROV
	AUV
	Wave Glider
	Mini ROV



Please indicate what type of project is being proposed (mark only one).

	
	
	
	
	X
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Feasibility/Scoping
[<100 days effort]
	Development[footnoteRef:2] [2:  Development and infrastructure projects must complete the risk matrix (see end of the proposal form).] 

	Research
	Infrastructure2
	Education
	Time Series
	Institute Initiative



[bookmark: Text4]Project Manager[footnoteRef:3]:		   Alana Sherman   [3:  Not all projects will require all four titles to be filled in. Please indicate individuals only for those titles that are appropriate for your project. ] 

Principal Investigator:		   Aaron Micallef   
Lead Scientist:			     
Lead Engineer:			Aaron Schnittger
	
[bookmark: Text5]	Project Title:		   Geo-Sense

Please indicate which category best describes the project theme (mark only one).

	
	
	
	
	
	
	
	
	
	
	X
	

	Ocean 
biogeochemistry
	Ecosystem dynamics
	Ocean visualization
	Exploration & discovery



Please indicate percentage of effort on this project anticipated for 2024 toward these three highest institutional goals from the Strategic Roadmap (percentage total should equal 100%). 

	Goal
	Innovate and Build
	Explore and Protect
	Inspire and Engage[footnoteRef:4] [4:  This category includes transfer of hardware, know-how, publications, presentations, etc. ] 


	Percentage
	30%
	60%
	10%


2025 Proposal Process – Internal-Only Projects
Submission Deadlines: Phase I – July 10th at 8:00 a.m., Phase II – September 16th  


Page 8 of 8
1) ABSTRACT (all projects)
Briefly provide a high-level summary of the project (ideally no more than 1/2 page).

Distributed Acoustic Sensing (DAS) technology can characterize fine-scale geomorphic processes over multi-kilometer distances, enable long-term continuous monitoring, and be deployed in logistically challenging areas. Although it has recently been shown to be a powerful tool for detecting seafloor hazards, DAS has rarely been deployed in the study of seafloor geomorphic processes.

[bookmark: _Hlk167370580]Geo-Sense is a 3-year development project that will address two key research questions: (1) How do we take the rapidly developing DAS technology and deploy it as an autonomous instrument? (2) Is DAS technology effective at monitoring seafloor processes? We have spent the first two years of this project designing and developing the instrument. We expect to complete three deployments, two in the Monterey Canyon and one terrestrial near a borehole test site, by the end of 2025. Engineering efforts will continue to optimize fiber construction and acoustic coupling, and to acquire and integrate components necessary for future deep-sea deployments.	Comment by Alana Sherman: I added this before I turned on track changes


In year 3, activities will focus on deploying DAS in two volcanic and hydrothermal environments in the South Aegean Volcanic Arc to assess its effectiveness in detecting seafloor fluid flow, venting, and magmatic unrest. In Paleochori Bay, Milos, a DAS interrogator and 700 m of fiber-optic cable will be deployed for five days to monitor shallow hydrothermal venting across a densely active seabed. In Kolumbo submarine volcano, a 3 km cable and the Geo-Sense DAS system with hydrophone will be deployed for one month to monitor volcanic tremor, fluid migration, and precursory seismic signals associated with dike intrusion. Simultaneously, DAS data will be acquired using existing telecom cables between Santorini and Ios, coordinated by Greek collaborators. 	Comment by Alana Sherman: @amicallef@mbari.org Are we actually deploying in a submarine volcano?

Additionally in year three, we also plan to conduct a one-day sea trial using the Sintela Nano DAS mounted on an LRAUV with a trailing fiber to evaluate its performance in mobile acoustic sensing. The goal of this is to assess the feasibility of using DAS on AUV in future years.

Engineering efforts will continue to optimize fiber construction and acoustic coupling, and to acquire and integrate components necessary for future deep-sea deployments.

If successful, Geo-Sense will transform our ability to monitor a wide range of seafloor processes at high temporal constraints and across major geographic gaps, thus leading to a step change in our understanding of the initiation and evolution of active seafloor processes.

2) PROPOSAL (all projects)

Background
Provide context for the project, being sure to address these questions: 
· What fundamental problem does this project address, and why is it important?
· What makes this work relevant to MBARI and the Packard Foundation? 
· Is this effort linked to other internal or externally funded projects or collaborative efforts?
· Where does this work fit into the ~5–10 year plan for your group, at MBARI, and in the field?

Background

Problem: Distributed Acoustic Sensing (DAS) – a technique that measures the phase change in Rayleigh scattered laser light from fiber-optic cables to calculate ground strain at fine spatial resolution (range bins <1 m) and long lengths (>100 km) – has recently been shown to be a powerful technology to detect seafloor hazards (e.g., earthquakes, ocean currents). DAS can carry out multiple measurements of strain along the path of a cable, capturing local topographic deformation. As a result, DAS has transformative potential in geomorphology, because it can characterize fine-scale processes (in terms of location, timing, transformation, erosion and velocities), enable long-term time-lapse monitoring, and be deployed in logistically challenging areas. DAS technology has rarely been deployed to investigate seafloor geomorphic processes thus far. Reasons include (i) limited availability of submarine cables and access to dark fibers and interrogators, and (ii) submarine cables tend to be located away from seafloor processes of interest. As a result, the sensitivity of cable configurations, interrogator units, and analytical approaches to monitor seafloor processes (e.g., sedimentary flows, slope failure, fluid flow, and escape) remains unknown. 

Research questions: This is a development study that will address the following two research questions: 

1. [bookmark: _Hlk167435285]How do we take the rapidly developing DAS technology and deploy it as an autonomous instrument?
2. Is DAS technology effective at monitoring seafloor processes?

Significance: 
· Importance: (1) A wide range of seafloor processes (e.g., creep, fluid flow, and seepage) frequently operate at small spatial scales, yet they tend to have an extensive impact on continental margin geomorphology. DAS technology holds great promise for detecting and understanding such seafloor processes in unprecedented detail, duration, and spatial coverage. (2) This program opens up the potential of using existing submarine cable networks (including MARS) to monitor seafloor processes such as sedimentary flows, which are a threat to infrastructure and play a role in the transport and burial of organic carbon, nutrients, and contaminants. 
· Timeliness: (1) A DAS interrogator has been installed on MARS since July 2022 and is expected to be operational for at least five years. This monitoring exercise, and the Geo-Sense program, overlap with the Seismosands experiment planned by Charlie Paull in November 2024–March 2025, which will monitor sedimentary flows in Monterey Canyon using Ocean Bottom Seismometers and moored sensors, providing a unique opportunity to calibrate DAS data. (2) The components for distributed sensing have started to become affordable enough to make a stand-alone system economically feasible. 
· Uniqueness: (1) This will be the first time that DAS technology has been used to monitor sedimentary flows on the seafloor. (2) I am aware of only one attempt to monitor seafloor seeps with DAS, and to develop a self-sustaining, portable DAS system (Shell, 2013, for pipeline surveillance, leak detection, and in-well monitoring).

Relevance to MBARI and Packard Foundation: MBARI is uniquely positioned to implement the proposed program: (i) The MARS cable, which MBARI operates and maintains, is already connected to a DAS interrogator (owned by University of California, Berkeley), with data collection planned from July 2022 for at least 5 years. It is located near Monterey Canyon, where multiple sedimentary flows occur every year. The geometry of the MARS cable provides the azimuthal coverage necessary for triangulation of events. (ii) This program uses MBARI engineering expertise to adapt instrumentation for deployment in deep-water settings. Our engineering group also has expertise in laser systems and seismometers that would apply to this project. (iii) It builds on existing links with the University of California, Berkeley, and Stanford University.
 
The program directly aligns with four strategic priorities: (i) Build scalable technologies to improve ocean health assessments, (ii) Map the deep seafloor at high resolution, (iii) Advance ocean-based artificial intelligence, and (iv) Study the impacts of climate change and other ocean threats.

Internal and external project links:
· Concurrent Seafloor Processes internal proposal (902312, Micallef)
· External projects	Comment by user: Evi, what projects are currently focusing on Kolumbo?

Alignment with ~5–10 year plan for my research group, MBARI and the field of seafloor geomorphology: The 10 year vision for the Seafloor Processes lab is to become a global leader in the characterization of a wide range of active seafloor processes at fine temporal scales. The lab will address the following key scientific questions: (i) What are the characteristics of seafloor processes? (ii) How do these processes interact with the seafloor? and (iii) What are the key drivers and controlling factors of the processes and associated landform evolution? These questions will be addressed using a combination of repeat surveying and in situ monitoring, supported by automated detection and classification, and advanced numerical methods.
 
By the end of the Geo-Sense project, MBARI will have an instrument that will be fundamental for monitoring and characterizing active processes (in terms of location, dimensions, timing, triggers and behavior) at fine spatial and temporal scales at targeted locations for months-long durations. Although the focus will initially be on sedimentary flows and fluid seepage, the instrument will be easily adapted to monitor a wide range of other seafloor processprocesses, for example volcanic instability and groundwater flow. In addition, the Geo-Sense project will help open new scientific applications for the MARS cable.	Comment by Alana Sherman: How?

Nature and Scope of the Proposed Project 
Please provide a sense of the scale and scope of the proposed work. Is this a large de novo R&D effort, modest platform/sensor integration, targeted science investigation with minimal or no engineering needs, extension of current program, small-scale scoping exercise expected to lead to a larger effort, or other? If the project is intended to be multiple years, how will the anticipated level of effort likely change over time?

This project represents a medium-sized R&D effort combining targeted science investigations with modest sensor integration and engineering development. In year 3, the focus shifts toward field validation of DAS technology in geologically active marine settings, including volcanic and hydrothermal systems in the South Aegean Volcanic Arc. The work includes two deployments (5-day in Milos, 1-month in Kolumbo), and a one-day mobile DAS sea trial using an LRAUV. While science objectives are central, engineering efforts continue in parallel to optimize deep-sea deployment capabilities. 	Comment by Alana Sherman: I think one day is not sufficient to test the feasibility. Usually things don’t work that smoothly and it takes a couple days to work out the kinks so we can get that one day of useful data. Maybe we should ask for 3 days…

Does this activity relate to one or more 2026 proposals your team is submitting?
If so, provide a list of relevant projects by project/DQ # and provide a brief description of how they are related. Since resources are limited and cuts during Phase 1 are likely, please indicate where this project fits in the hierarchy of your priorities.  Does this proposal take precedent over other ongoing or planned activities?

Concurrently proposed internal projects:
· Seafloor Processes (Micallef): This is the core science project for the Seafloor Processes lab, which will focus on active seafloor processes at fine spatial and temporal scales.
· CSEM (Micallef): CSEM focuses on developing controlled-source electromagnetic instruments to detect fluid flow and seepage. 	Comment by Alana Sherman: If CSEM will be paused after Jan 2026 it would be good to note that here.
The Geo-Sense technology will be directly relevant to monitoring fluid seepage, both of which is a key theme of the two programs listed above. 

Hierarchy of priorities in 2026:	Comment by user: Aaron to do
1. Geo-Sense: Activity 1: Sensing sedimentary flows in Monterey Canyon
2. Seafloor Processes: Activity 2: Document and quantify fine-scale geomorphic change along the axis and flanks of Monterey Canyon
3. Seafloor Processes: Activity 1: Exploring the Cascading Effects of Climate Warming in the Southern Ocean Seafloor and Sub-seafloor
4. CSEM: Activity 1: CSEM deployment in the Canadian Beaufort Sea
5. Geo-Sense: Activity 3: Working towards a more optimal DAS design
6. CSEM: Activity 2: CSEM Scoping study
7. Seafloor Processes: Activity 6: Document and quantify the feedback between geomorphic and biological change at the fine scale using the LASS system
8. Geo-Sense: Activity 2: Cold seeps at Extrovert Cliff
9. Geo-Sense: Activity 4: Evaluate feasibility of deployments in 2026
10. Seafloor Processes: Activity 5: Document and quantify geomorphic changes across Monterey Canyon in the last 25 years
11. Seafloor Processes: Activity 3: Identifying methane seeps using an LRAUV
12. Seafloor Processes: Activity 4: International meetings

Anticipated Shared Resource Needs
What staffing is required to advance the work in 2024 (e.g., is this a multi-faceted engineering development or a targeted science investigation that does not require significant use of shared personnel)? Is in-house or contract manufacturing needed? What level of ship/ROV/AUV (DMO) support is likely? If this is intended to be a multi-year effort, please provide a rough indication of anticipated shared resource needs over the duration of the project (e.g., will stay flat, will significantly increase in Year X, will significantly decrease by Year Y).

Year 3:
The MBARI team comprises:
Science
· Aaron Micallef
· Seafloor processes research technician/specialist (to be engaged in October 2025)
Engineering
· The project team will still comprise of Aaron Schnittger, Denis Klimov, Rich Henthorn, Alana Sherman, and Bryan Touryan Schaefer (DMO). We anticipate the total request for these engineers to sum to around 1500 hours.
· Aaron Schnittger (x hrs) – final instrument assembly, deployment support, system refinement 	Comment by user: To update at the end	Comment by Alana Sherman: I think we should put a ballpark total here and not specific for each engineer. That was it is one less place to change numbers if we need to
· Alana Sherman (x hrs) - project management, system engineering, deployment support
· Denis Klimov (x hrs) – support with fiber optics terminations/connections, bench testing, deployment preparations
· Rich Henthorn (x hrs) – software support of the system
· Brett Hobson (x hrs) – LRAUV integration
DMO
· Bryan Touryan-Schaefer (x hrs) – marine operations advising
· Jared Figurski (8 hrs) – R/V Paragon operations
· Jared Figurski (~3days) -R/V Paragon operations

The R/V Paragon is requested for 1 3 (8 hr) day in March 2026 to deploy and recover LRAUV with DAS and cable. 

Anticipated Expenses
What rough order of magnitude direct expense budget is anticipated annually over the course of the project? Is procurement of specialized capital equipment or outside contractors required? Will there be annual travel?

Expenses for year 3:
Update at the end.

Intellectual Property (IP) Considerations 
Do you anticipate a need for a cooperative research and development agreement or licensing arrangement with an external entity? Will the work potentially result in a patentable product or service? Will novel IP and/or custom-made equipment be created, and how might it be disseminated (e.g., license agreement and/or collaborations)? 

For additional guidance please review MBARI’s intellectual property internal web page: https://mww.mbari.org/itd/ip/.

No. 

Data 
What data will be generated? How will they be managed/stored? Are any special data visualization needs anticipated?

10 TB of raw and processed data, to be hosted on Thalassa.

Anticipated Impact 
Who are the consumers of the instruments, methods, technology, and data that will be generated within and beyond MBARI? Will the project create tangible connections with other organizations (e.g., academic, NGO, MBA, MBNMS, state or federal agency)?

Consumers of project outputs include: 
i. Scientists: The program has a strong potential to promote the widespread application of monitoring approaches for a wide range of seafloor processes at high temporal constraints and across major geographic gaps. This will lead to a step change in our understanding of the initiation and evolution of active seafloor processes while reducing monitoring costs.	Comment by Alana Sherman: Is this the right word - I would say high temporal resolution
ii. Industry: Transformation of industry’s ability to better situate seafloor infrastructure (e.g., cables, pipelines, blue-energy platforms) and monitor geohazard impacts on these assets, geological storage (e.g., sub-seafloor storage of carbon and hydrogen), and environmental change. 
iii. Society: Improvement of early warning systems for offshore natural hazards.

Connections with other organizations: 
· Zhongwen Zhan (Caltech)
· Paraskevi Nomikou (National and Kapodistrian University of Athens)
· Christos Evangelidis (National Observatory of Athens)
· David Hill (Sintela)

Anticipated Outreach Needs 
Thinking about the audiences/consumers you highlighted in the question above, do you anticipate needing to create outreach assets to help increase your impact? If so, please specify whether you anticipate needing to work with ITD and also specify what type of asset (story, graphic, animation, video, etc.) you might need.

When the project has accomplishments to share, we will request assistance communicating this work to the general public. 



Continuing Projects Only: Status Report
Briefly provide an update of the current project relative to what was proposed for 2025 by responding to the prompts below. If the project includes multiple subproject projects, please list each of these under a subheading as you deem appropriate.

Current status of project and results to date

Alana Sherman oversees the overall project management, ensuring project milestones are completed on time and the system design is appropriately reviewed and vetted. She coordinates the engineering efforts, ensuring that technical solutions are implemented effectively and align with the project's scientific requirements. Aaron Micallef guides the scientific direction of the project, ensuring that the research objectives align with MBARI’s goals and the scientific community’s needs. Sherman, Micallef, and the team of engineers meet weekly to review project progress and manage risks.	Comment by Alana Sherman: I think we can omit this paragraph. In my experience they don’t really how we achieve the ends just what ends were achieved.

The following tasks have been carried out in 2025:

Activities 1Activity 1: Completion of the Geo-Sense System and Initial Deployments

1.1 First deployment of Geo-Sense during Seismosands Field Program
(Here is an attempt to rewrite this more concisely	Comment by Alana Sherman: I would replace the top two paragraphs with this paragraph.
Despite many delays in receiving critical components and some last-minute failures, the Geo-Sense instrument was assembled and tested in mid-January 2025 in time to deploy during the ongoing Seismosands experiment. During this deployment, a failure on the Sintela board caused the system to stop recording early. Nevertheless, we collected 9 days of data during which seismic signals were detected. We learned a great deal about the safe deployment and recovery of the instrument, as well as improvements we can make to the process of laying the cable along the desired track. 

The DAS prototype and fiber-optic cable were deployed on 28 January 2025 on the southern flank of Monterey Canyon and recovered from the R/V Carson on 27 February 2025. The system was inspected by ROV Ventana shortly after deployment on the same day. During this inspection, a connection was successfully established and initial data were downloaded, confirming functionality. Deployment proceeded smoothly overall. The main issue was that only the first 350 meters of the cable lay straight along the seafloor, while the remainder formed loops. Coupling with the seafloor was good along the straight section, and the looping did not compromise the experiment. A follow-up inspection on 6 February 2025 was conducted to constrain the geometry and location of channels along the cable. Upon recovery of the system on 27 February, we discovered that only about one week of data had been recorded. This was due to a shutdown of the Sintela Nano DAS interrogator. This was not entirely surprising. The original deployment was scheduled for 25 January, but on the morning of that day, a circuit board in the DAS unit burned out. The team spent the weekend repairing it, with remote support from Sintela in the UK, which delayed deployment by three days.

1.2 Preparations of Summer deployments
The project team is now working towards preparing the Geo-Sense for a terrestrial deployment at a borehole test site in Norway. The experiment will be conducted with a thinner, more flexible cable, and a rack-mount chassis has been built for the instrument. Lab and tank tests have been conducted to assure the modifications work as expected.The system will be deployed late July 2025 in Norway.

1.3 Simultaneous DAS data collection
Additionally, a Sintela Peta DAS interrogator has been installed on the MARS cable in November 2025 and was disconnected at the end of April 2025. This enabled us to increase the number of simultaneous measurements during the Seismosands experiment. 

[image: ]
Figure 1. Geo-Sense being lowered off the deck of the R/V Rachel Carson.

[image: ]
Figure 2. Geo-Sense on the seafloor during Seismosands experiment.

Activity 2: Data analysis of Geo-Sense and MARS DAS instruments

2. 1 The data from both the prototype DAS and the MARS DAS systems have been downloaded and are currently being processed and visualized. These datasets are being compared with available seismic, biological, and oceanographic records, as well as with field measurements from the SeismoSands experiment conducted in Monterey Canyon between November 2024 and April 2025. Initial results suggest that the prototype DAS performs well in detecting and locating earthquakes (see images below) and may also be capable of capturing tidal current signals within the canyon. No gravity flows were recorded during its deployment period. In contrast, the MARS DAS system appears less effective at detecting gravity flows, but performs well in recording earthquakes, surface waves, and potentially internal and infragravity waves.	Comment by Alana Sherman: What is the Mars system “less effective at detecting” than? GeoSense, or are you saying the seismometers?

[image: ]
Figure 3. DAS data from the MARS cable showing???

[image: ]
Figure 4. This plot is showing (Earthquake as recorded on Geo-Sense)????

1.4 An artist was commissioned to create illustrations and an animation depicting a gravity flow, along with explanatory visuals of the underlying physics of DAS and the prototype system. These products are now available and are intended for use in press releases, presentations, and public outreach. 



Activity 3: Further improvements to Geo-Sense system

3.1 Lessons learned from the initial deployment have been incorporated into future deployments. These include the use of a block with readout capabilities to improve deployment monitoring and ensure optimal cable placement., …	Comment by user: Alana, any others?
3.2 Replacement and spare parts were procured, including fiber-optic connectors, rubber-molded connectors, and batteries.	Comment by user: Alana to do

Should we mention that we will buying different things from what was proposed, e.g. cable, batteries, etc.

3.3 A SoundTrap ST600 underwater sound recorder is being integrated into the DAS prototype to detect acoustic waves in the water column and to capture signals in a higher-frequency range than those recorded by the fiber-optic cable. 

Activity 4: Outreach and dissemination

4.1 
4.1 An artist was commissioned to create illustrations and an animation depicting a gravity flow, along with explanatory visuals of the underlying physics of DAS and the prototype system. These products are now available and are intended for use in press releases, presentations, and public outreach. 
An assessment of potential field deployments for 2026 was conducted, and it was decided to deploy the DAS prototype and cable off Greece (see below).
[image: ]
What percentage of labor and budget have been used through the 1st half of year?

Labor: As of June 1, we have used 40100% of our labor budget. We are not concerned that we will exceed the amount of labor budgeted for the year.This overrun is primarily due to a large amount of technician time (and engineering labor) that was used in January, as the integration we expected to happen in fall 2024 did not occur until 2025. The only engineer who will significantly overrun their hours is Aaron Schnittger. Aaron has the opportunity to help deploy the system in Norway. This, combined with the remaining work over the course of the year, will probably bring Aaron over 200 hours. 	Comment by user: Alana

Budget: We have used x35% of our budget this year. 	Comment by user: Alana

Will you complete the current year’s scheduled work?

Largely, yes. See next section.

Significant changes from previous project proposal 

2.1	The original plan for Activity 2.1 was to deploy the DAS prototype at Extrovert Cliff for one week in October 2025 to quantify fluid seepage rates and their temporal evolution, and to image sub-seafloor structures using passive seismic data. However, following an ROV survey of Extrovert Cliff conducted by Giancarlo Troni and his team, it became evident that there is currently no active gas seepage at the site. It was therefore decided to revise the planned deployment: the R/V David Packard ship time in October 2025 will now be dedicated to deploying a DAS cable using an ROV on the southern flank of Monterey Canyon. This will allow for more complex deployment geometries than a straight-line layout and may enable the detection of gravity flows, which was not possible achieved during the initial deployment. The experiment will also provide critical insights into the cable's coupling properties and the resulting data quality.

3.4 Data collected from the initial deployment have not been analyzed using machine-learning algorithms, as Carlos Rueda and Danelle Cline have were not been assigned to the project due to labor limitations.

Over the past two years, what peer-reviewed publications, education and/or outreach activities have resulted directly from this project? Please be brief.

· Social media posts.
· Animation and illustrations (activity 1.4).
· Micallef et al. (2024) Fiber optic sensing of submarine gravity flows, Fiber Optic Sensing in Geosciences – Galileo Conference, Catania, Italy (poster presentation).
· MBARI Behind the Scenes Story: https://www.mbari.org/news/mbari-researchers-deploy-innovative-new-tech-for-seafloor-monitoring/ 
· Micallef et al. (2025) Interactions between sedimentary flows and submarine canyon morphology at monthly timescales, INCISE, Barcelona, Spain (oral presentation).

[bookmark: _Hlk196461798]All Projects: Specific Plans for 2026

Research Activities


Activities in relation to objective 2: Is DAS technology effective at monitoring seafloor processes?

Activity 1: Aegean fluid circulation

The South Aegean Volcanic Arc hosts some of the most active and accessible volcanic and hydrothermal systems in Europe. In this context, DAS offers a novel opportunity to monitor subsurface processes at high spatial and temporal resolution using existing fiber-optic infrastructure. Two fieldwork campaigns are proposed, which will be combined into a single trip, planned for either May or September 2026.	Comment by user: Evi, can you provide more background information and justification for both studies?

1.1 Deployment of the DAS interrogator and fiber-optic cable in Paleochori Bay, Milos. 

The first fieldwork will test the effectiveness of DAS to detect and quantify hydrothermal venting in Paleochori Bay. Paleochori Bay sits within the South Aegean Active Volcanic Arc, a tectonically and volcanically active region shaped by the subduction of the African Plate beneath the Eurasian Plate. Milos itself is a Quaternary volcanic island characterized by widespread hydrothermal activity, high heat flow, and a complex subsurface structure dominated by fault-controlled fluid pathways. Paleochori Bay is one of the most accessible shallow marine hydrothermal fields in the Mediterranean, hosting a dense concentration of gas and fluid vents discharging from sandy and rocky substrates at depths less than 20 m. These vents emit CO₂-rich gases, hydrothermal fluids, and trace elements that play a significant role in element transport, sediment alteration, and the development of chemosynthetic microbial and invertebrate communities. 	Comment by Alana Sherman: I would mention other science work done at these sites

The deployment will span three full operational days, with an additional day allocated before and after for setup and recovery. The DAS interrogator, designed to fit into a portable travel case, will be hosted and powered by Sirocco, a restaurant located at Paleochori Bay. From there, the Linden fiber-optic cable will be extended and buried from the restaurant to the beach. Approximately 700 m of cable will then be deployed offshore, down to a maximum depth of 15 m) using a spool from a dive boat, with (non-MBARI) divers guiding the cable to intersect as many hydrothermal vents with variable seepage rates as possible, while maintaining a safe offset of 1 m to avoid thermal damage. Seepage rates will be estimated using diver-operated video footage. Cable positioning will be mapped via surface GPS while snorkeling, carried out by the diving company. Both the restaurant and the diving company have already been contacted, with arrangements facilitated by local collaborator Prof. Paraskevi Nomikou of the National and Kapodistrian University of Athens.


[image: ]
Figure x: xx (Source: Khimasia et al., 2021)



1.2 Deployment of the Geo-Sense instrument (with hydrophone) and fiber-optic cable in Kolumbo. 

The 2025 volcano-tectonic crisis in the Aegean Sea offered an unprecedented view into the coupled magmatic systems beneath Santorini and Kolumbo volcanoes. Beginning in July 2024, ground deformation and increased gas emissions signaled unrest beneath Santorini. On 27 January 2025, an intense seismic swarm began near Kolumbo, lasting over 30 days and evolving in distinct phases—from deep tremor to rapid, shallow earthquake migration towards Anhydros Island at ~1 km/h. Over 28,000 earthquakes were recorded, revealing a segmented, ascending dike intrusion. At least 12 seismic surges marked periods of accelerated dike growth, often associated with large earthquakes (MW > 5) at the dike tip. Moment tensor analysis indicates NW–SE extension consistent with normal faulting.

The second fieldwork will focus on Kolumbo submarine volcano, located approximately 7 km NE of Santorini, where we will deploy the Geo-Sense instrument with hydrophone and the fiber-optic cable to investigate volcanic tremor, subsurface fluid migration, hydrothermal venting and potential precursory signals. DAS offers a novel opportunity to image these processes in unprecedented spatial and temporal resolution.

Key elements of the fieldwork include:
· Deployment duration: One month
· Cable: 3 km long Linden fiber-optic cable
· Deployment method: Using the Max Rover ROV from the R/V Filia; both will be hired for this operation
· Water depth: 300–500 m
· Location: To be finalized 	Comment by user: Evi help would be appreciated.

I thought about placing the DAS cable from the southwestern caldera rim (−250 to −300 m) northeastward across the floor of Kolumbo, ending near the base of the central vent (~−500 m). This path intersects key structural features and fluid pathways, offering optimal sensitivity to volcanic tremor and deformation across a suitable depth range for deployment and recovery with Max Rover. What I am not sure about is the potential damage to cable from such a deployment.

· Active seismic source: Use of an air gun array or alternative active source is under consideration but may prove logistically and financially difficult. Without an active source, DAS can still image up to 1–2 km of shallow subsurface structures, including fault zones, sediment layering, hydrothermal conduits, and potential magma migration pathways, although not the magma chamber itself	Comment by user: Feasibility will be determined before submission.	Comment by Alana Sherman: I agree that we should figure out before submitting

· Simultaneous acquisition: DAS data will also be collected using existing telecommunication cables (e.g., COSMOTE) extending between Santorini and Ios, with an onshore interrogator coordinated by Dr. Christos Evangelidis	Comment by user: Christos, which model?
· Local collaborators: Prof. Paraskevi Nomikou (National and Kapodistrian University of Athens) and Dr. Christos Evangelidis (National Observatory of Athens)

Attach government support letter.
[image: ]	Comment by user: Aaron to update
Figure 5 Seafloor map of??


Engineering/technology development

Activities in relation to objective 1: How do we take the rapidly developing DAS technology and deploy it as an autonomous instrument?

Activity 1: Support of field programs:
The engineering team will address the technical and operational challenges necessary to meet the needs of the supported field programs. For each field program, the appropriate cable and instrument configuration will be selected and tested. Furthermore, we will work on developing safe and reliable operational plans for the deployment of the instrument and laying of the cable. 

Activity 2 2: LRAUV test

We propose a onethree-day sea trial to test the integration and performance of the Sintela Nano DAS system deployed from a LRAUV equipped with a 100 m trailing fiber-optic cable. This test will evaluate the viability of using mobile DAS platforms for spatiotemporal monitoring of seafloor and water column processes.

The objectives of the test are:
· Confirm the mechanical and electrical compatibility between the DAS interrogator, the LRAUV platform, and the trailing fiber system.
· Assess the acoustic noise introduced by the vehicle’s propulsion system, drag-induced vibrations on the cable, and environmental noise, to define signal-to-noise thresholds for future science missions.
· Test the acoustic coupling between the trailing fiber-optic cable and the surrounding water column, including sensitivity to ambient and controlled acoustic sources, vehicle maneuvers, and depth changes.	Comment by Alana Sherman: This might sound alarms so be very specific

We are considering three fiber types for DAS deployment, each based on SMF-28 fiber but differing in mechanical design and sensitivity characteristics.:Each of the three deployments will test a different design.

· SMF-28 with 375 µm outer diameter, co-extruded polyamide coating. This option offers good acoustic sensitivity and low noise, but the fiber is mechanically fragile. 	Comment by user: Alana, is it feasible to try all three or should we focus on one?	Comment by Alana Sherman: I think this is too much detail for this proposal. We can say we are trying several different types of cable however that is even more reason that we will need have multiple days. Getting the cable in and out of the instrument is going to be non-trivial
· SMF-28 with 670 µm outer diameter, braided UHMWPE reinforcement. This design provides improved mechanical robustness (tensile strength ~18 kg), making it more manageable for AUV deployment. However, the sensitivity may be reduced due to uncertain coupling between the braid and the fiber. The braided surface may also increase turbulence-induced noise.
· SMF-28 with 900 µm outer diameter, co-extruded PEEK jacket. This is expected to offer the best acoustic sensitivity and mechanical durability. However, the larger diameter and rigid structure may result in increased turbulence-induced noise during vehicle motion.

Components to buy:
· Housing 	Comment by Alana Sherman: This seems a waste to buy something for 3 deployments, I still hope we can borrow something
· Connectors

Activity 3: Working towards a more optimal DAS design	Comment by Alana Sherman: I think we can cut this, I am not sure we will change all that much- maybe we should discuss.

· Fiber connectors
· Black holes
· Wet cables
· Deep-sea connect housing
· Connection can

Activity 4: Wave power buoy integration	Comment by user: Alana, are we still considering a feasibility assessment for this, and did you talk to Andy?	Comment by Alana Sherman: I think it is too much to attempt with all the field work next year. 

Field programs (detail ship requirements/deployments/diver requirements)
In addition to describing anticipated field programs, please be sure to include requirements for specific platforms and equipment (Dorado AUVs, LRAUVs, Wave Glider, mini ROV, etc.) for each proposed field program so that expectations are clear. Requests must also be entered in the budget entry system. Note that AUV deployment numbers and diver requirement questions are also included in the Compliance and Planning Considerations Form described at the end of this proposal form.

Ship requirements:
1 3 (8 hr) days on the R/V Paragon in March 2026 to deploy and recover the LRAUV with DAS and fiber optic cable in Monterey Bay. 

We will collaborate with Mandy Allen to obtain a permit from the sanctuary.

Piloting/Watchkeeping
If you plan to use a platform that requires piloting/watchkeeping, please provide a high level staffing plan, including who will be responsible for these duties. 

Between Micallef, Sherman, Schnittger Klimov and Figurski Henthorn will be onboard during deployment and recovery operations.we can select someone to cover three day long operations testing the LRAUV.	Comment by Alana Sherman: This is really referring to piloting the LRAUV during the test which depends on what you and Brett want to do.

Specific deliverables

D1: Raw and processed data, and scientific publication, on the effectiveness of DAS to monitor  hydrothermal venting in Paleochori Bay 
D2: Raw and processed data, and scientific publication, on volcanic tremors, subsurface fluid migration and hydrothermal venting at Kolumbo
D3: Raw and processed data, and scientific publication, on LRAUV test
D4: Revised prototype instrument	Comment by Alana Sherman: I am not sure how much revising we will do…do you mean the AUV-prototype

Milestones and required personnel (see personnel classification list for staff classifications)

	2026 Project Start Date: 
[bookmark: Text9]MM/DD/2024
	Milestone 1
	Milestone 2
	Milestone 3
	Milestone 4
	Total Resources[footnoteRef:5] (in hours) for each resource category for all milestones listed here [5:  This number should be the same number you entered on the web budget resource requests for this particular resource.] 


	Milestone Date
	March 2026
	March 2026
	May/September 2026
	May/September 2026
	

	Milestone Description
	Revised prototype instrument
	LRAUV test
	Paleochori Bay
deployment

	Kolumbo deployment
	

	Electrical Engineer
	
	
	
	
	500 A.S.
[bookmark: _GoBack]

	Software Eng-Embedded
	
	
	
	
	

	Software Eng-Info Eng
	
	
	
	
	

	Mechanical Engineer
	
	
	
	
	

	Mechanical Eng-Division
	
	
	
	
	

	Mechanical Eng-Mfg
	
	
	
	
	

	Associate Engineer
	
	
	
	
	

	Electrical Tech
	
	
	
	
	

	Software Tech
	
	
	
	
	

	Mechanical Tech
	
	
	
	
	

	Machinist 
	
	
	
	
	

	Divers
	
	
	
	
	

	Video Lab
	
	
	
	
	

	DMO
	
	
	
	
	



Budget justification

Activity 1.1: 
· Travel to Milos (×3): $6,000
· Accommodation in Milos (×3): $2,000
· Subsistence in Milos (×3):$1,000
· Shipping of cable to Milos and back: awaiting
· Sirocco restaurant costs: $100
· Diving company services: awaiting
· Sub-total: $9,100

Activity 1.2: 
· Internal travel to port (×3): $500	Comment by user: Alana, note that this would mean that participants stay in Greece for whole month, which will not be positively viewed. We can include another return trip SFO-Greece
· Accommodation in port (×3): $300
· Subsistence in port (×3):$300
· Batteries: $30,000	Comment by user: Unless we buy them this year
· 3 km Linden cable: $20,000	Comment by user: Unless we buy this year	Comment by user: Rough estimate
· Shipping of Geo-Sense instrument and cable: awaiting ($10,000)
· Research vessel hire (2 days): awaiting ($25,000)
· ROV hire (2 days): awaiting ($5,000)
· Mobilization (?)
Sub-total: $71,100

Activity 3: 
· Purchase of:
· Housing: $xx
· Connectors: $xx
· Anything else: $xx
Sub-total: $x,000


Total cost: $xx,000

Project team

MBARI:
Science
· Aaron Micallef
· Seafloor Processes Lab research technician/specialist 
Engineering
· Alana Sherman 
· Aaron Schnittger
· Denis Klimov 
· Rich Henthorn 
· Brett Hobson
DMO
· Bryan Touryan-Schaeffer
· Jared Figurski

External:
· Zhongwen Zhan (Caltech)
· Paraskevi Nomikou (National and Kapodistrian University of Athens)
· Christos Evangelidis (National Observatory of Athens)
· David Hill (Sintela)

External consultants/contractors 
If you propose to engage an external consultant/contractor, please attach a sufficiently detailed SOW and budget proposal from the vendor. If approved, a fully executed Independent Contractor Agreement must be in place before work can begin.

Xxx	Comment by user: Alana, do we need this to hire vessel and ROV?

Project lab and office space requirements 
In addition to any changes to current space usage, please also include anticipated office and lab needs for students, postdocs, collaborators, etc.

Not applicable.

Risk matrix (development and infrastructure projects only)	Comment by user: Fill in

	
	Technical Risk
	Organizational Risk
	Tech Transfer Risk
	Labor Estimate Risk

	High
	
	
	
	

	Medium
	
	
	
	

	Low
	
	
	
	



Compliance Considerations

All responses must be recorded in the Google form linked below. A form must be submitted for every project. 

Link to Google Compliance and Planning Considerations form  -OR- https://forms.gle/mRYKKEztAPYaiTz7A
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The Geo-Sense systemis a portable DAS system designed by MBARI
to monitor and detect geological processes on the seafloor.
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