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

Fluids play a central role in the geomorphic modification of continental margins. However, how flow and discharge create seafloor geometries and sub-seafloor structures remains poorly understood. This is a question that can be addressed with novel controlled-source electromagnetic (CSEM) technologies, which are deployed from platforms that allow precise navigation in close proximity to the seafloor, irrespective of depth.

CSEM is 5-year project that aims to develop a CSEM system to assess the distribution and fluxes of fluid flow and discharge at fine spatial and temporal scales in a wide range of water depths. In the third year, efforts will focus on the processing, inversion, and interpretation of the CSEM datasets acquired from Monterey Bay and the Arctic. No resources are being requested for project 902402 in 2026.

By the end of the CSEM project, MBARI will have access to a versatile instrument that allows surveying of near-seafloor fluid-flow systems in a wide range of settings and in unprecedented detail, with potential direct application to mapping of benthic communities supported by these flows and the morphologies that they generate.


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: Fluid flow and discharge can significantly shape continental margins, giving rise to a range of seafloor morphologies (e.g., distinctive cold seep and pockmark morphologies), generate submarine slope failures, and undermine sub-seafloor structures (e.g., pipes). We lack a precise understanding of how fluid flow and discharge create these geometries and structures, which is partly a result of a paucity of field and process-based observations. Controlled-source electromagnetic (CSEM) systems are effective at imaging fluids in the sub-seafloor and water column. Conventional CSEM equipment is mainly tailored towards the exploration needs of the oil and gas industry, imaging the sub-seafloor down to several kilometers depth in the search for hydrocarbons. Examples of these instruments include a bottom-towed system with ocean bottom receivers, operated by EMGS (Norway), and a sub-surface towed system operated by Ocean Floor Geophysics (Canada). Such instruments are cumbersome to deploy and insensitive to the shallow structure of the seabed. In addition, surveying in shallow waters is often disturbed by sea motion (e.g. tides, waves, etc.) and the presence of an electromagnetic airwave, resulting in low signal-to-noise ratios. There are no off-the-shelf CSEM systems available, and only a few research groups globally have been able to develop their own systems. In Europe these include a seafloor-towed system operated by BGR and GEOMAR (Germany), and bottom-towed systems with ocean bottom receivers developed by NTNU (Norway) and NOC (UK). Elsewhere, OUC (China) has developed a bottom towed system with ocean bottom receivers, whereas Scripps Institution of Oceanography (USA) operates a surface towed system. These academic systems are capable of operating in shallower waters than commercial systems, but they are expensive and logistically complicated to deploy, and they are difficult to modify. Seafloor towed instruments, in particular, are slow, prone to damage, and cannot be deployed where there are benthic habitats, irregular seafloor, or infrastructure.

In general, available CSEM systems are limited by navigation and accuracy issues, and their data resolution is typically insufficient to investigate the association between fluid flow and geomorphic structures, and their evolution over time. These limitations can be effectively addressed with an ROV- or AUV-based CSEM system. In contrast to existing CSEM systems, a ROV- or AUV-based CSEM system offers significant advancements: (i) it can be deployed at a wide range of seafloor depths alongside other payloads, such as mapping instruments and chemical sensors; (ii) it achieves higher spatial resolution (<5 m), enabling precise characterization of both the shallow seafloor and the overlying water column; and (iii) it enhances navigational accuracy, facilitating the repeat surveying of targeted areas to monitor changes over time. A recent demonstration off the coast of Japan using an AUV-mounted system confirmed the feasibility of sub-seafloor electrical resistivity imaging and demonstrated minimal impact on standard payloads, navigation, and power consumption.

Research objectives: CSEM is 5-year project that aims to develop a CSEM system to assess the distribution and fluxes of fluid flow and discharge at fine spatial and temporal scales in a wide range of water depths. The objective for the third year is to process, invert and interpret the CSEM datasets acquired using the SWAN CSEM system from Monterey Bay and the Arctic.

Significance: 
· Importance: Fluids play a central role in the geomorphic modification of our planet. Fluid emissions are associated with specialized biota and untapped resources, may be linked to past and present climate change, and are relevant to hazard assessments. The technology developed by the end of this program will allow the surveying of near-seafloor fluid-flow systems in unprecedented detail, with potential direct application to mapping of the benthic communities supported by these flows (e.g., biogeophysics) and the morphologies that they generate. 
· Timeliness: There has been a recent surge of interest in the utilization and adaptation of CSEM technology to investigate and monitor sub-seafloor fluids, which has revealed a clear market gap in both academia and industry. 
· Uniqueness: To date there is only one publication involving an AUV-based CSEM system, and it involved a test that documented the system function but did not focus on fluid-flow systems or geomorphology.

Relevance to MBARI and Packard Foundation: The proposed program makes novel use of ROV/AUV capabilities at MBARI while pushing the engineering and operational expertise in new directions. It also builds on existing research projects by Paull and Caress. Monterey Bay provides an excellent test bed for CSEM technologies.

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. 

The program indirectly supports the Ocean Habitat and Communities Portfolio’s goal to protect ocean habitats.

Internal and external project links:
· Concurrent Seafloor Processes internal proposal (902312, Micallef)
· Concurrent Geo-Sense internal proposal (902401, Micallef)
· Concurrent Continental Margins internal proposal (901023, Paull)
· Concurrent internal proposal “2025 Arctic Expedition” (902505, Paull)
· Planned AUV and LASS mapping at Octopus Garden and Davidson Seamount (901101, Caress) 

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 investigated using a combination of repeat surveying and in-situ monitoring, supported by automated detection/classification and advanced numerical methods.

By the end of the CSEM project, a new instrument will be available at MBARI that can be used to carry out fine-scale repeat surveying of fluids in the sub-seafloor and the water column. This will enable the exploration of feedback between hydrogeology, geomorphology, benthic biology, and geochemistry in a wide range of settings globally (e.g., continental margins, seamounts, transform faults, mid-ocean ridges). Fluid flow is also intimately linked to slope failure and benthic biology, which are the two other geomorphic drivers being investigated by the Seafloor Processes lab. 


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?

Year 3 (2026) will focus on the analysis of CSEM data acquired from Monterey Bay and the Arctic. Subject to the availability of external funding, Years 4 and 5 may then entail: (i) development of a detailed design for an ROV- or AUV-based CSEM prototype system that can be integrated with other payloads, and (ii) procurement, assembly, and testing of prototype components.

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 (902312, 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.
· [bookmark: _Hlk134791121]Geo-Sense (902401, Micallef): Geo-Sense will assess the feasibility of using Distributed Acoustic Sensing to monitor seafloor processes.
The technology being assessed and developed in the CSEM program will be directly relevant to monitoring fluid flow and escape, which contributes to both of the above programs.

[bookmark: _Hlk170026427]Hierarchy of priorities in 2026: Since no resources are being requested for project 902402, it is not included in the hierarchy of priorities.

Anticipated Shared Resource Needs
What staffing is required to advance the work in 2026 (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).

Not applicable.

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?

Not applicable.

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/.
 	
Not applicable.

Data 
What types of data will be generated? Please estimate generated data in gigabytes (GB) or terabytes (TB). How will they be managed/stored? Are any special data visualization needs anticipated?

Not applicable.

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: A high-resolution CSEM system, especially if combined with other payloads, provides a unique and versatile way to map seepage and flow, and associated seafloor/sub-seafloor changes over time, for a variety of fluids (freshwater, brines, methane, carbon dioxide, hydrogen, helium) at a wide range of depths. Such capabilities are useful to multiple marine scientific disciplines.
ii. Industry: Improved monitoring of leakages from pipelines and geological storage.
iii. Society: Enhanced monitoring of offshore natural hazards and management of resources.

Connections with other organizations: 
· Texas A&M University (Mark Everett)
· University of Malta (Anna Eliana Pastoressa, Marie Curie Postdoc)
· Geological Survey of Canada (Mathieu Duchesne)
· Korea Polar Research Institute (Jong Kuk Hong)

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.

Assistance communicating this work to the general public will be requested when the project has accomplishments to share (social media, infographics, press release).

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

Activity 1: CSEM deployment in the Canadian Beaufort Sea

Activity planned in August-September 2025.

Johann: Could you please include the dates of the surveys conducted in Monterey Bay in 2024 (Figure 1) and 2025, along with relevant details and any issues encountered? I will prepare a map. Additionally, could you provide an explanation of the upgrades made to the SWAN CSEM instrument and how its deployment has been refined, especially for the Arctic?

In 2024, our objective was to complete four CSEM transects in Monterey Bay. The system was successfully deployed twice in December 2024; however, mechanical failures aboard the R.V. Fulmar forced the cancellation of the remaining two deployments. To complete the planned survey, two additional CSEM deployments were successfully carried out in March 2025. A key improvement during the March operations was the exclusive use of the black winch for deployment, which enhanced both the safety and efficiency of the deployment. The blue winch remains integrated into the winch system and is available as a backup in the event of a black winch failure.
[image: ]
Figure 1: Deployment of the SWAN CSEM system from the R/V Fulmar in December 2024.


What percentage of labor and budget have been used through the 1st half of year?

We have spent 46% of our labor and 72% of our budget.

Will you complete the current year’s scheduled work?

Yes.

Significant changes from previous project proposal 

Not applicable.

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

· Lohrberg, A., Micallef A., Moosdorf, N., Krastel, S. (2024) Resistivity anomalies in tunnel valleys of the North Sea, 26th EM Induction Workshop, Beppu, Japan.

All Projects: Specific Plans for 2026

Research Activities

In 2026, research activities will center on the processing, inversion, and interpretation of CSEM data acquired in Monterey Bay and the Arctic. This work will be led by newly appointed Marie Skłodowska-Curie postdoctoral researcher Dr. Anna-Eliana Pastoressa, who joined the team in June 2025. The analysis will focus on resolving offshore groundwater dynamics in Monterey Bay and characterizing the extent and properties of submarine permafrost in the Canadian Beaufort Sea. These efforts will contribute to broader research led by colleagues at Stanford University and to project 902505, coordinated by Paull, and will inform future prototype development and numerical modeling.

Specific deliverables

D1: Internal report and publication (Monterey Bay)
D2: Internal report and publication (Arctic)

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

Not applicable.

Budget justification

Not applicable.

Project team

MBARI:
Science
· Aaron Micallef, Charlie Paull, Roberto Gwiazda 
Engineering
· Johann Voigtlander 
· Alana Sherman 
· Dave Caress 

Texas A&M University:
· Mark Everett
University of Malta:
· Anna Eliana Pastoressa
Geological Survey of Canada:
· Mathieu Duchesne
Korea Polar Research Institute
· Jong Kuk Hong

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.

Not applicable.

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.

Lab space if required for Dr Anna-Eliana Pastoressa between July 2025 and June 2026.

Risk matrix (development and infrastructure projects only)

	
	Technical Risk
	Organizational Risk
	Tech Transfer Risk
	Labor Estimate Risk

	High
	
	
	
	

	Medium
	
	
	
	

	Low
	
	
	
	



Compliance and Planning 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/uKJrxRuRaBHUL8vT8
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