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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.

[bookmark: _Hlk167354619]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 second year, two objectives will be tackled: (1) To map submarine permafrost in the Canadian Beaufort Sea and spatially correlate it with evidence of seafloor morphological change, and (2) To assess if/how an ROV- or AUV-based CSEM system can/should be built at MBARI. To address the first objective, we will deploy a surface-towed CSEM system (SWAN) during a planned expedition in the Arctic Ocean. As for the second objective, a scoping study will be carried out along with input from external collaborators.

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. To reach this goal, two objectives are proposed for year 2:

Objective 1: To map submarine permafrost in the Canadian Beaufort Sea and spatially correlate it with evidence of seafloor morphological change.

Objective 2: To assess if/how an ROV- or AUV-based CSEM system can/should be built at MBARI to carry out repeat surveys of fluid flow systems at high spatial resolution and in a wide range of water depths.

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)
· Concurrent internal proposal “Finding and Identifying Water Column Methane Bubble Streams Using an LRAUV” (902507, Ussler)
· 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?

This program starts as a scoping study and evolves into a more extensive R&D effort focused on platform/sensor integration in the following years.

The activities in Year 2 (2025) include (i) deployment of the SWAN CSEM system in the Canadian Beaufort Sea, and (ii) a scoping study to assess if/how an ROV- or AUV-based CSEM system can/should be built at MBARI.

Year 3 (2026) and onwards may entail (i) development of a detailed design of an ROV- or AUV-based CSEM prototype system that can be used with other payloads, (ii) procurement of prototype components, their assembly, and testing.

Does this activity relate to one or more 2024 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 2025:
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 2:
The MBARI team comprises:
Science
· Aaron Micallef 
· Charlie Paull, Roberto Gwiazda – survey planning, CSEM data interpretation 
Engineering
· Alana Sherman (100 hrs) - scoping study
· Johann Voigtlander (150 hrs) –scoping study
· Paul McGill (80 hrs) – scoping study
· Dave Caress – scoping study
DMO
· Erik Trauschke (80 hrs) – scoping study (AUV)
· Knute Brekke (80 hrs) – scoping study (ROV)
 
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 2:
· Purchase of spare transmitter $20,000
· Consumables $5,000

Expenses are anticipated to be highest in years 3-4 due to procurement of system components. 

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/.

Unlikely. There might be the need for a cooperative research and development agreement with other organizations if they are involved in the conceptual design.

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

<1 TB of raw and processed CSEM data, to be hosted on Titan.

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)
· Scripps Institution of Oceanography (Steven Constable)
· 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 2023 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

The following tasks have been carried out:

1.1 Synthetic 1D models were run to determine the optimal configuration of the SWAN CSEM system for the Canadian Beaufort Sea during the R/V Araon expedition planned for 2025. The results indicated that to effectively map the permafrost layers on the outer continental shelf, transmitter-receiver offsets should range from 300 to 1000 m, the receiver depth below the sea should be 4-5 m, and the source frequency should be around 10 Hz (Figure 1). These parameters are attainable with the current setup of the SWAN CSEM system. The full report is available upon request.

[image: ]
Figure 1: Ex response estimated for a water depth of 120 m, sediment thickness of 10 m, sediment conductivity of 0.7 S/m, permafrost conductivity of 0.09 S/m, a frequency of 10 Hz and receiver depth of 2 m. The Ex isolines are distorted by the presence of the permafrost.
1.2 No suitable MBARI winch for deploying the SWAN CSEM system from the Korean icebreaker Araon was identified. Consequently, a new winch—the DBW-6 electric winch from AGO Environmental Electronics Ltd—was purchased by Paull in late 2023 (Figure 2).
[image: ]
Figure 2: The DBW-6 electric winch from AGO Environmental Electronics Ltd.
1.3 An agreement to borrow the SWAN CSEM system was signed with the University of Malta, extending through the end of 2025. The SWAN CSEM system does not need to be reconfigured for deployment from MBARI vessels or the R/V Araon based on the results of synthetic modeling. 

Johann Voigtlander participated in an oceanographic expedition aboard the R/V Alkor from April 22 to May 6 to become acquainted with the SWAN CSEM system and ensure its proper deployment and enhancement (in terms of cable splicing, updating logging software and replacing GPS data loggers) in the second half of 2024. Detailed documentation of the procedures was collected during the cruise.

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

Labour: 16%
Budget: 80% of 902402 (non-CIP) and 100% of 902402.01 (Reconfiguration costs). We will be repurposing $20k from 902402.01 to cover the cost overruns of Geo-Sense (902401). 


Will you complete the current year’s scheduled work?

The original plan for the remainder of the year included the following tasks: (1.4) conduct the joint test and science survey in Monterey Bay in the last quarter of 2024, and (1.5) process and invert CSEM data, integrating it with available seafloor and sub-seafloor data from the test surveys. Due to shipyard delays, the schedule to complete (1.4) on the R/V Fulmar is not yet known; however, it is likely that both tasks are expected to be completed by the end of the year.

Significant changes from previous project proposal 

$20,000 were transferred from this project to project 902401 (Geo-Sense) to cover the purchase of a submarine cable that ended up being more expensive than anticipated. These funds were redirected from the allocation for reconfiguring the SWAN CSEM system, which is not necessary to the extent we initially expected.

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

None.

All Projects: Specific Plans for 2025

Research Activities

Activity 1: CSEM deployment in the Canadian Beaufort Sea

This activity is driven by the scientific targets of an oceanographic expedition that Charlie Paull and his colleagues are planning in the Canadian Beaufort Sea on the R/V Araon in the summer of 2025 (proposal 902505). Repeat mapping efforts by MBARI in the last 12 years have shown that changes in seafloor morphology along the shelf edge and upper slope are taking place at rapid rates, and these have been attributed to decomposition and formation of submarine permafrost. A pending question relates to the extent, depth and continuity of the submarine permafrost (Figure 3). This question will be addressed with the deployment of the SWAN CSEM system. The processing and inversion of CSEM data will be carried out by Anna-Eliana Pastoressa, a funded post-doc at the University of Malta. More information on these activities are provided in proposal 902505.

The SWAN CSEM system components, currently housed at MBARI following shipment from Germany, require temporary relocation to South Korea for mobilization on the R/V Araon and deployment in Canadian waters. It will be critical to confirm that MBARI can transfer these components without facing export-control restrictions. 


[image: ]
Figure 3: The diffuse reflector, observed in sub-bottom profiles acquired with AUV in 2022 from the Canadian Beaufort shelf and slope, has been tentatively interpreted as the top of submarine permafrost, the formation and decomposition of which have been associated to rapid changes in seafloor morphology. Massive ice was observed on an ROV dive and sampled in a gravity core at ST11-GC (Paull et al., submitted).

Engineering/technology development

Activity 2: Scoping study

Activities in objective 2 comprise the first steps required to move away from a towed CSEM system. A scoping study will be carried out to assess if/how an ROV- or AUV-based CSEM system can/should be built at MBARI. 
 
The main tasks will include:

2.1 Conduct a detailed risk analysis to identify potential technical and operational challenges (e.g. feasibility of integrating CSEM technology with ROV/AUV platforms; system reliability in varied seafloor conditions; data accuracy and resolution constraints).
2.2 Develop conceptual designs for ROV- and AUV-based CSEM systems (Figure 4).
2.3 Carry out a SWOT (strengths, weaknesses, opportunities and threats) analysis for these designs.
2.4 Estimate resources required to develop the conceptual designs considered.
2.5 If the result of the scoping study is positive, select a design that will be developed in year 3.

We plan to consult with external experts in CSEM technologies. Their insights will help us refine our approaches and technologies, and ensure that potential risks are addressed proactively.
[image: ]
Figure 4: Schematic illustrations of different designs for AUV- and ROV-based CSEM systems. The AUV-based system may consist of a receiver deployed via AUV, and a transmitter that is towed, mounted on a second AUV or an ocean-bottom instrument. The ROV-based CSEM options comprise both the transmitter and receiver mounted on a ROV, or having the transmitter deployed via an ocean-bottom instrument. At present, the most feasible designs appear to be the towed transmitter and AUV-mounted receiver, or the option with both transmitter and receiver on the ROV. 

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.

For activity 1, see proposal 902505.

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. 

Watchkeeping of the SWAN CSEM system during activity 1 will be performed by Voigtlander and Micallef.

Specific deliverables

D1: Internal report on the outcomes of the scoping study
D2: Raw and processed CSEM data

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


	2025 Project Start Date: 
[bookmark: Text9]MM/DD/2024
	Milestone 1
	Milestone 2
	Milestone 3
	Milestone 4
	Milestone 5
	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
	June 2025
	September 2025
	December 2025
	
	
	

	Milestone Description
	Scoping study completed
	CSEM data acquisition during Arctic expedition 
	Preliminary CSEM data processing and inversion
	
	
	

	Electrical Engineer
	Sherman (100); Voigtlander (150); McGill (80)
	
	
	
	
	330

	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
	Trauschke (80); Brekke (80)
	
	
	
	
	160



Budget justification

Activities in relation to objective 1: 
· Spare transmitter ($20,000) 
· Consumables ($5,000)
Total cost: $25,000 

Costs related to labor, travel, accommodation and shipping are covered in proposal 902505.

Activities in relation to objective 2: 
· No costs

Project team

MBARI:
Science
· Aaron Micallef, Charlie Paull, Roberto Gwiazda 
Engineering
· Alana Sherman 
· Johann Voigtlander 
· Paul McGill 
· Dave Caress 
DMO
· Erik Trauschke 
· Knute Brekke 

Texas A&M University:
· Mark Everett
Scripps Institution of Oceanography:
· Steven Constable
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.

We will store the SWAN CSEM system in the ESB between deployments. Space to work on the system will be available in the Seafloor Processes lab.

Risk matrix (development and infrastructure projects only)

	
	Technical Risk
	Organizational Risk
	Tech Transfer Risk
	Labor Estimate Risk

	High
	
	
	
	

	Medium
	X
	
	X
	

	Low
	
	X
	
	X



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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