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1) ABSTRACT (all projects)

Fluids are thought to 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 first year, two objectives will be tackled: (1) To reconfigure and test a recently developed surface-towed CSEM system (called SWAN), 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 adapt the recently developed surface-towed CSEM system and utilize it in Monterey Bay from an MBARI vessel and prepare it for deployment in the Canadian Beaufort Sea in summer of 2025. 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
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. The few CSEM systems available globally are tailored towards the exploration needs of the hydrocarbon industry. They tend to be slow, logistically and financially expensive to deploy, hindered by navigation and accuracy issues, and difficult to modify. As a result, the use of most CSEM systems is restricted by depth, whereas the spatial resolution of the data they generate is inadequate to investigate the association between fluid flow and geomorphic structures, and their evolution over time. Most of these issues can potentially be addressed with an ROV- or AUV-based CSEM system. A recent test offshore Japan using an AUV-mounted system has shown that sub-seafloor electrical resistivity imaging is feasible, and that its operation has limited impact on standard payloads, navigation and power consumption.	Comment by Paul McGill: An image of a CSEM system would be really useful here, such as the one at https://images.squarespace-cdn.com/content/v1/56ddafd3e32140a3347c0825/1603862957017-6NMZ6FNCJH9W6LOK8MI6/Porpoise.jpg?format=1000w (from the page at https://ericattias.com/csem-1)

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 1:

Objective 1: To reconfigure and test a recently developed surface-towed CSEM system 

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. 

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)
· 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 exploration of feedbacks 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 
This program starts as a modest platform/sensor integration and scoping study in year 1, which morphs into a larger R&D effort in subsequent years. 

The activities in Year 1 (2024) include: (i) the adaptation of a recently developed surface-towed CSEM system (called SWAN) and its testing in Monterey Bay, and (ii) a scoping study to assess if/how a ROV- or AUV-based CSEM system can/should be built at MBARI.

Year 2 (2025) will entail deployment of the SWAN CSEM system in the Canadian Beaufort Sea. We also hope to develop a detailed design of an ROV- or AUV-based CSEM prototype system that can be used with other payloads (in particular, the multibeam echosounder and sub-bottom profiler). Initial testing is envisioned using some of the existing SWAN CSEM system components.

Year 3 (2026) and beyond will cover the procurement of prototype components, assembly, and testing for conducting CSEM surveys from an ROV or AUV.

Does this activity relate to one or more 2024 proposals your team is submitting?
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.

Hierarchy of priorities:
1. Seafloor Processes
2. Geo-Sense
3. CSEM

Anticipated Shared Resource Needs

Year 1:
The MBARI team comprises:
Science
· Aaron Micallef 
· Charlie Paull, Roberto Gwiazda – contribution to survey planning, CSEM data interpretation and synthetic modelling
Engineering
· Alana Sherman (200 hrs) - reconfiguration of SWAN CSEM system, scoping study
· Aaron Schnittger (320 hrs) – reconfiguration of SWAN CSEM system, scoping study
· Dave Caress (20 hrs) – scoping study (LASS), CSEM data interpretation
· Jon Erickson (160 hrs) – adaptation, testing and reconfiguration of SWAN CSEM system
· Paul McGill (80 hrs) – scoping study
DMO
· Erik Trauschke (40 hrs) – scoping study (AUV)
· Eric Fitzgerald (20 hrs) – winch adaptation and deployment; rigging and splicing
· Erich Rienecker (80 hrs) – winch adaptation and deployment
· Knute Brekke (80 hrs) – scoping study (ROV)

A vessel is requested to test the SWAN CSEM system for 4 days (12-hour operations). 
Shared resource needs are anticipated to increase in years 2–5 to design, build, and test the CSEM from an ROV or AUV.

Anticipated Expenses
Expenses for year 1:
· Deployment of SWAN CSEM system off MBARI vessels: $20,000
· Reconfiguration of SWAN CSEM system: $30,000 (maximum, if required)
· Travel and subsistence (in relation to scoping study): $6,100

Expenses are anticipated to be highest in year 3 due to procurement of system components. 

Intellectual Property (IP) Considerations 
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 
<1 TB of raw and processed CSEM data, to be hosted on Titan (year 1).

Anticipated Impact 
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: 
· University of Hawai’i at Manoa (Amir Haroon)
· Texas A&M University (Mark Everett)
· University of Malta (Anna Eliana Pastoressa)
· Scripps Institution of Oceanography (Steven Constable)
· Geological Survey of Canada (Mathieu Duchesne)
· Korea Polar Research Institute (Jong Kuk Hong)

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

All Projects: Specific Plans for 2024

Research Activities

Not applicable.

Engineering/technology development

Activities in relation to objective 1: To reconfigure and test a recently developed surface-towed CSEM system 

SWAN is a surface-towed, dipole-dipole CSEM system (Figure 1), which has been developed by the University of Malta, GEOMAR and Texas A&M in 2023 as part of a project that Aaron Micallef is leading. The CSEM system is designed to detect fluids within the upper 200 m of the sub-seafloor in water depths of up to 100 m. The system is inexpensive, small, modular, and allows easy data acquisition with low computational expense. The SWAN CSEM system was developed utilizing commercially available components, namely the ZTEM-30 transmitter from Zonge International and SelfPot Loggers from Magson GmbH. The system consists of a 100-m-long horizontal electrical transmitter antenna and an array of up to four 25-m-long autonomous receiver units, each carrying a 10-m-long horizontal electrical dipole. Each receiver is separated by approximately 125–250 m of line, resulting in a total system length of 500–1000 m. The receiver units are powered by rechargeable batteries and have a lifespan of 48 hrs for every charge cycle. The source signal is generated by a current transmitter onboard the research vessel. The transmitter and receiver geometries are continuously determined using GPS tracking on multiple buoys located at each transmitter electrode, above each receiver, and at the tail of the streamer. To mitigate potential damage from small boat traffic or low-salinity surface layers, the depth of the streamer can be adjusted prior to deployment between 2 and 10 m below the sea surface. The different segments comprising the system, from receivers to placement buoys, are connected to the tow-rope through soft shackles applied at each joint, making the system modular with few metallic components. The deployment and retrieval of the system from the deck to the sea surface involves winding and unwinding from drums, and requires approximately 1 hr. Data acquisition can take place at speeds of up to 2.5 knots. 

[image: ]

Figure 1: Schematic illustration of the SWAN CSEM system. Rx = receiver.

Aaron plans to bring this surface-towed system to MBARI in May 2024 and adapt it for use on MBARI vessels. There are three main benefits associated with this: (i) MBARI engineers can get acquainted with CSEM technology before a new CSEM is scoped and designed, (ii) testing of the new CSEM design can be carried out with the SWAN CSEM components, and (iii) scientific questions related to sub-seafloor fluids can still be addressed while the new CSEM system is being developed.

The tasks planned for 2024 include:
1.1 Run synthetic models to assess how the SWAN CSEM system should be configured for the Canadian Beaufort Sea during the R/V Araon expedition planned in 2025. Parameters for models will be derived from field data acquired by MBARI in the past and published literature.
1.2 Adapt MBARI winch for deployment of the SWAN CSEM system from MBARI vessels and the Korean icebreaker Araon. So far, the SWAN CSEM system has been deployed using winches provided by GEOMAR and on board the R/V Dallaporta. An alternative winch needs to be identified at MBARI (and possibly adapted) to carry out testing (task 1.4) and deploy the SWAN CSEM system in the Canadian Beaufort Sea. 
1.3 Adapt the SWAN CSEM system for deployment using the MBARI winch and during the Canadian Beaufort Sea expedition, if required. For the latter, options include: (i) enhancing dipole moment of the transmitter antenna by increasing its length and/or its amperage, (ii) reduce noise level of receivers by using a high-speed 24-bit Analog-to-Digital Converter. An alternative option includes towing the SWAN CSEM system close to the seafloor, but such an adaptation would entail significantly more resources and is not being considered. A material transfer agreement will be signed with the University of Malta if the SWAN CSEM system is modified. 
1.4 Execute joint test and science survey in Monterey Bay. 
1.5 Process and invert CSEM data, and integrate with available seafloor and sub-seafloor data from the test survey site. This task will be carried out by Anna-Eliana Pastoressa, a funded post-doc at the University of Malta.
The site selected for task 1.4 is the San Gregorio Fault, which is a >200 km long, active, right-lateral strike-slip fault intersecting the outer shelf and upper continental slope in Monterey Bay. The objective of this survey will be to test the SWAN CSEM system while mapping the spatial distribution of inferred active seeps along the fault in the outer shelf (at 36.8576°N and 122.1589°W; Figure 2) and the geometry of their flow pathways. This will involve acquiring CSEM data along a zig-zag pattern repeatedly intersecting the fault. The interpretation of the CSEM data, in conjunction with available geological data, will allow us to obtain insights into margin hydrogeology, the mechanics of the fault, and the potential occurrence of chemosynthetic communities. This survey is in ~100 m water depths but outside California State Waters.


[image: ]
Figure 2: Locations of seep sites in relation to Monterey Bay, San Gregorio fault and Smooth Ridge (Source: Stakes, D. S., et al. (1999). Marine Geology, 159(1-4), 93-109). Study site for task 1.4 is denoted by red rectangle.

Tasks 1.1–1.3 are 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. 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). Preliminary synthetic modelling suggests that the SWAN CSEM, in its current configuration, may be suitable for mapping the top of the submarine permafrost (Figure 4).
[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.

[image: ]
Figure 4: Preliminary synthetic modeling results for the deployment of the SWAN CSEM system for target seafloor depths of 120 m and sub-seafloor depth of 10 m. The following parameters are assumed: Tx dipole moment 200 Am, air conductivity of 5 × 10-6 S/m, sea conductivity of 3.2 S/m, permafrost conductivity of 0.09 S/m. The largest separation between the red (seafloor without permafrost) and green (seafloor with permafrost) curves occurs at an offset of 500 m and frequency of 10 Hz.

Activities in relation to 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

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

2.1 Identify the latest instrument designs used in CSEM exploration  
2.2 Develop conceptual designs for ROV- and AUV-based CSEM systems (Figure 5)
2.3 Carry out a SWOT (strengths, weaknesses, opportunities and threats) analysis for these designs
2.4 Identify new technologies required
2.5 Estimate resources required to develop the conceptual designs considered
2.6 If the result of the scoping study is positive, select a design that will be developed in year 2


[image: ]
Figure 5: 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)
Ship requirements:
4 days of 12-hour operations are requested on the R/V Rachel Carson (or R/V David Packard) to test the SWAN CSEM system (activity 1.4). The SWAN CSEM is deployed by towing behind the vessel at 2.5 knots. 
Timing: ideally September 2024.

Instrument requirements:
Winch to deploy SWAN CSEM system: Eric Fitzgerald and Erich Rienecker are currently looking for a suitable MBARI winch. Winch needs to be available from May 2024 through the end of 2025.

Risk management: In view of the fact that MBARI has no experience with obtaining permits for CSEM surveys, there is a risk that a permit is not granted in time for the Monterey Bay test survey. To mitigate this risk, discussions have already been initiated with Mandy Allen, the permitting authorities, and institutions that have carried out CSEM surveys offshore California in the past. In the case where the Monterey Bay test survey (task 1.4) cannot be carried out, alternative options include: (i) carrying out the test survey in waters outside of the jurisdiction of the California State Land Commission and the Monterey Bay National Marine Sanctuary (e.g., during a Northern Expedition), or (ii) not carrying out a test survey at all and going to the Canadian Arctic with the current set up, if synthetic models show that it is suitable.  

Specific deliverables

D1: Internal report on synthetic modelling results
D2: Internal report on the outcomes of the scoping study
D3: An operational surface-towed CSEM system that can be deployed from MBARI vessels and during the oceanographic expedition planned in the Canadian Beaufort Sea in 2025
D4: Raw and processed data, and scientific publication, on the hydrogeology of the San Gregorio Fault

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

	2024 Project Start Date: 
[bookmark: Text9]01/01/2024
	Milestone 1
	Milestone 2
	Milestone 3
	Milestone 4
	Milestone 5
	Total Resources[footnoteRef:5] (in hrs) 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
	January 2024
	June 2024
	August 2024
	September 2024
	December 2024
	

	Milestone Description
	Synthetic modelling completed
	Scoping study completed
	Adaptation of MBARI winch and SWAN CSEM system
	Monterey Bay survey
	CSEM data processing and inversion
	

	Electrical Engineer
	
	Sherman (150); McGill (80) 
	Sherman (50)
	
	
	280

	Software Eng-Embedded
	
	
	
	
	
	

	Software Eng-Info Eng
	
	
	
	
	
	

	Mechanical Engineer
	
	
	Erickson (80)
	Erickson (80)
	
	160

	Mechanical Eng-Division
	
	
	
	
	
	

	Mechanical Eng-Mfg
	
	
	
	
	
	

	Associate Engineer
	
	Schnittger (100)
	Schnittger (220)
	
	
	320

	Electrical Tech
	
	
	
	
	
	

	Software Tech
	
	
	
	
	
	

	Mechanical Tech
	
	
	
	
	
	

	Machinist 
	
	
	
	
	
	

	Divers
	
	
	
	
	
	

	Video Lab
	
	
	
	
	
	

	DMO
	
	Trauschke (80); Brekke (80); Fitzgerald (20)
	
	Rienecker (80)
	
	260

	Deckhand 
	
	
	
	
	
	



Budget justification (year 1)

Activities in relation to objective 1: 
· Deployment of SWAN CSEM system:
· Freight	 costs and customs related to bringing the SWAN CSEM system from Germany (where it will last be used in April 2024) to USA: $10,000
· Consumables associated to the deployment of the SWAN CSEM system and its adaptation to MBARI vessels (e.g., ropes, shackles, buoys, GPS receivers, synchronization board, housing): $5,000
· Permitting and contingency plan: $5,000
Total cost: $20,000
· Reconfiguration of SWAN CSEM system for deployment in the Canadian Beaufort Sea: 
· Options include purchasing a longer antenna ($5,000), a stronger transmitter ($25,000) or high-speed 24-bit Analog-to-Digital Converters ($8,000)
· Preliminary synthetic models suggest that the likelihood of this expense being incurred is low.
Total cost: $30,000 (maximum)

Activities in relation to objective 2:
· Travel and subsistence: A 2-day visit by three external experts is envisaged so that they can assist with the scoping study (as well as the adaptation of the SWAN CSEM system):
· Amir Haroon:
· Roundtrip flight from Honolulu: $400
· Land transport: $400
· 3 nights accommodation: $900
· Subsistence: $200
· Mark Everett:
· Roundtrip flight from College Station: $400
· Land transport: $400
· 3 nights accommodation: $900
· Subsistence: $200
· Anna-Eliana Pastoressa
· Roundtrip flight from Malta: $1000
· Land transport: $200
· 3 nights accommodation: $900
· Subsistence: $200
Total cost: $6,100

Total cost: $56100 (or $26,100 without reconfiguration of the SWAN CSEM system)

Project team

MBARI:
Science
· Aaron Micallef, Charlie Paull, Roberto Gwiazda 
Engineering
· Alana Sherman 
· Aaron Schnittger 
· Dave Caress 
· Jon Erickson 
· Paul McGill 
DMO
· Erik Trauschke 
· Eric Fitzgerald 
· Erich Rienecker 
· Knute Brekke 

University of Malta:
· Anna Eliana Pastoressa
University of Hawai’i at Manoa:
· Amir Haroon
Texas A&M University:
· Mark Everett

External consultants/contractors 
Not applicable

Project lab and office space requirements 
· 1 PI office (no need for change)
· Shared lab space (no need for change)
· Storage space for SWAN CSEM system and winch (<15 m3, new request)

Risk matrix (development and infrastructure projects only)

	
	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 Considerations form -OR- https://forms.gle/wVCb9VRRuYBU5yvF8

Form has been submitted online.
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