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This document has been developed to provide Principal Investigators (PIs), co-PIs, and research organizations with:
· A listing of the questions that will be asked in the new NSF project reporting format; 
· Assistance in planning for the submission of the report; and 
· A tool to help PIs collaborate with other contributors in answering these questions, if needed.  

The project reporting service on Research.gov and the associated help documentation provides more detailed instructions and contextual assistance.
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Note: NSF project reports are not cumulative and should always be prepared for the specific project reporting period only. 

PIs should NOT complete and upload this document to Research.gov in order to meet your reporting requirement. You are required to enter text in the text boxes available online.

Note: Please do not upload this document to Research.gov in order to meet your reporting requirement. You are required to enter text in the text boxes available online.
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You have the option of selecting “nothing to report” in this section.  

What are the major goals of the project? 

The goal of MARS Operations and Maintenance is to provide a facility that primarily hosts projects to develop technology for ocean science. Providing this facility for the scientific community makes it challenging to explain MARS O&M science impact. MARS O&M does not do science; we host scientists and technology developers in a very cost effective setting so that they can advance the frontiers of scientific understanding.
In addition to development MARS has and continues to host longer term study programs such as acoustic studies (Soundscape, NPS 3D Hydrophone, DIEMOS) along with seismic studies (MOBB) along with shorter term study projects. (Serenity- bioluminescence, Free Ocean Carbon Enrichment- ocean acidification, Eye in the Sea- bioluminescence)
What was accomplished under these goals (you must provide information for at least one of the 4 categories below)? 
Major Activities: 
In 2019/2020 MARS hosted a number of projects:
A continuing acoustic study renewed from 2016, Sanctuary Soundscape (formerly Passive Acoustic Sensing) Ryan MBARI/+external collaborators
A 3D Hydrophone, a collaboration between the Naval Post-Graduate School (NPS) Dr Kevin Smith and J. Ryan
The Quest Educational Platform; a multi-faceted system that incorporated an ROV, a pan and tilt camera system, a microscope and a hydrophone. The system was designed to give deep ocean access to high school programs and develop lesson plans for the enhancement of Science, Technology, Engineering and Mathematics (STEM) education programs. Planned for redeployment in spring 2021
Deep Echo-Integrating Marine Observatory System (DEIMOS) DEIMOS has become the center of a number of experiments and a testbed for the integration of acoustics with other tools.
Deep Sea Connect (DSC) DSC is an engineering effort to develop and test wireless power and data transfer in efforts to reduce the cost and simplify the connection process to an ocean observatory.
Sediment Event Sensor (SES) SES is typically an autonomous platform that measure sediment accumulation. Connection to MARS allows for testing and development of control algorithms.
Distributed Acoustic Sensing (DAS) MARS also hosted a DAS system in August 2020 and October 2020 for a total of six days to evaluate new equipment in preparation for a year deployment, starting in 2021 (OCE 2023301)
In addition to science and engineering objectives, the MARS team is making efforts towards upgrading the MARS subsea electronics and the associated control software. This is a multi-institution task with efforts from the University of Washington Applied Physics Lab and MBARI along with a series of vendors. 
Specific Objectives: 
Completion of the Mini-node is a primary objective for the MARS team. Maintaining the MARS system as a viable platform for scientific investigations and instrument developments along with engineering trials are the objectives for 2020 and beyond.
COVID19 has reduced physical access to the equipment resulting in reduced effort from a hands on perspective. Remote monitoring are on going. Trials and testing continue as allowed due to access restrictions.
Significant Results: 
Key outcomes or other achievements: 
What opportunities for training and professional development has the project provided? 
Nothing to report
How have the results been disseminated to communities of interest? 
MBARI maintains a public web site available to science and the public at large that allows access to much of the work conducted on MARS past and present. (http://www.mbari.org/at-sea/cabled-observatory/)

MARS hydrophone (Sanctuary Soundscape) has revealed the patterns of noise from small explosives used in fishing operations, so called ‘seal bombs’ (Simonis et al., 2020).  The explosion noise is prevalent during part of the year, and model study reveals that this noise propagates far from the source (tens of kilometers), with implications for the protection of acoustically sensitive species.  Another noise study enabled by MARS concerns COVID impacts on low-frequency ocean noise, through slowing of ocean transportation activity.  Analysis of MARS sound recordings in this study (Ryan et al., in prep.) is supported by analysis of regional vessel traffic using Automatic Identification System (AIS) data, as well as coast-wide and basin-scale data from the US Department of Transportation (in collaboration with NOAA). 
While ongoing development of machine learning and signal processing methods occur at MBARI, we have been sharing the MARS hydrophone data.  Data sharing began by responding to requests from students and researchers throughout the U.S., however data access will soon grow exponentially.  We are in the process of sharing the entire recording archive, along with decimated data and analysis tools, through a new Open Data project hosted by Amazon Web Services.  The project will be launched (delayed) in winter 2021.
Education and outreach efforts resulted in production of a resident public exhibit for the NOAA Monterey Bay National Marine Sanctuary Exploration Center, in Santa Cruz, California.  This exhibit allows visitors to hear, see, and feel ocean sounds – including whales, dolphins, sea lions, rain, earthquakes, and shipping traffic.  Low frequency sounds from earthquakes, large whales, and ships are felt through use of a subwoofer speaker, creating a moving multisensory experience.  A second public exhibit, now being built by MBARI for the San Simeon Visitor Center, a collaboration between NOAA and California State Parks.  To enable global access to ocean sound recorded through MARS, MBARI developed three resources: (1) a listening library of identified and described sounds, (2) a live stream from MARS, and (3) an Alexa skill that provides access to both the library and live stream (https://www.mbari.org/soundscape-listening-room/).  The MARS soundscape project has also achieved outreach goals through documentary films produced by Google (https://www.youtube.com/watch?v=GyCv_S42Tak), and the BBC, shared with PBS (https://www.pbs.org/wnet/nature/whale-detective-preview-fbibbs/20496/).

Quest Institute Ocean Discovery Platform (Stephen Huber) Quest is an enabling institution that promotes Science, Technology, Engineering and Mathematics (STEM) in schools both locally and around the country. The overarching goal of the platform deployed on MARS is to provide young students with direct access to subsea technology and activities to foster excitement and interest in marine sciences and engineering.  Marine sciences and engineering has historically been left out of most K-12 curriculums due to high barriers to entry like cost and proximity to the ocean.  Students with interest in these fields typically have to wait until university, or even graduate school, to explore their interests in these fields.  With the Quest Ocean Discovery platform, we give students early hands-on access to advanced technology, scientific tools, and data to explore at the same level of the professionals and inspire the next generation of marine scientists and engineers. They are currently scheduled to be deployed in March of 2021.

Kevin Smith/John Joseph/Paul Leary (Naval Post Graduate School NPS) NPS_3D Hydrophone, The 3D hydrophone adds an additional dimension to the soundscape, direction. Tracking of blue and fin whale calls can illuminate behaviors and migration patterns of these large animals.  Rapid processing of such data could also help mitigate ship strike by communicating general locations to merchant vessels off the CA coast. 
Improving our understanding of the directional soundscape can support maritime operations that involve acoustics.  For example, recent directional measurements of wind-driven ambient noise suggests there may be a strong directional component.  Knowledge of the primary direction could promote changes in autonomous system utilization to minimize this impact. 
A manuscript “Long Time-Series Analysis of Potential COVID-19 Impact on the Monterey Bay Soundscape”, Kevin B. Smith, Paul Leary, Thomas Deal, Chris Miller, John Joseph, John Ryan, Craig Dawe” is currently in preparation for publication.
Negotiations are underway to add a second 3D device to the system enabling location possibilities.

Nathan Lindsey (Stanford/Berkeley Seismological Laboratory) Distributed Acoustic Sensing. Distributed fiber-optic sensing technology coupled to existing subsea cables (dark fiber) allows observation of ocean and solid earth phenomena. We used an optical fiber from the cable supporting the Monterey Accelerated Research System during a 4-day maintenance period with a distributed acoustic sensing (DAS) instrument operating onshore, creating a ~10,000-component, 20-kilometer-long seismic array. Recordings of a minor earthquake wave field identified multiple submarine fault zones. Ambient noise was dominated by shoaling ocean surface waves but also contained observations of in situ secondary microseism generation, post–low-tide bores, storm-induced sediment transport, infragravity waves, and breaking internal waves. DAS amplitudes in the microseism band tracked sea-state dynamics during a storm cycle in the Northern Pacific. These observations highlight this method’s potential for marine geophysics. 
Since 2018 Dr. Lindsey has deployed his DAS equipment on the MARS cable during the annual maintenance period when the system is dark. The most recent test (Aug 2020) was a trial of a new piece of equipment that would extend the array to the full length of the cable. Unfortunately, the equipment was damaged during shipping and provided no useful data. A retest conducted in October 2020, to validate the new equipment and make a determination as to which DAS sensor will be deployed under NSF OCE 2023301. The funded project will use a fiber that was part of the Out of Bands Communication (OBC). The OBC is still functional and delivers 1PPS timing to the node electronics and science ports timing along with other little used support functions.
Additional work based on the previous DAS deployments on the MARS cable include “Utilizing Distributed Acoustic Sensing and Ocean Bottom Fiber Optic Cables for Fault Zone Characterization”, Jonathan Ajo-Franklin, Feng Cheng, Yucheng Shang, Nathaniel Lindsey, Craig Dawe is pending publication. (preprint available: https://www.researchgate.net/publication/345648542_Utilizing_Distributed_Acoustic_Sensing_and_Ocean_Bottom_Fiber_Optic_Cables_for_Submarine_Structural_Characterization ).


DEIMOS, Kelly Benoit-Bird/Sam Urmy (MBARI). DEIMOS has been deployed on MARS in an earlier incantation by John Horne of the University of Washington. DEIMOS has become the center of a number of experiments and a testbed for the integration of acoustics with other tools including eDNA, passive acoustics, and video imaging. LRAUVs with video capability, using a wave glider as a navigational gateway to maintain position inside the beam of the echo sounder to test video capabilities within layers identified by the echo sounder. The project incorporates i2MAP (Dorado class AUV) and Ventana (ROV) to integrate acoustics on all three platforms and video imaging while an echo sounder on Wave glider Hansen was conducting a survey so that we can understand how to scale up the measurements from MARS to the rest of the midwater of Monterey Bay. The project also been supporting Ken Smith's sampling at MARS, exploring the relationship between vertical migration and export. 
DEIMOS was the site of a recent series of CANON experiments which brought together pretty much every asset we have along with NOAA Fisheries to understand the role of vertical migration in Monterey Bay's ecology. 

What do you plan to do during the next reporting period to accomplish the goals?
The primary goal of the next reporting period will be to upgrade the primary node, this will require:
1) System shutdown
2) Site visit with ROV
a. Disconnect existing research experiments (DEIMOS, Soundscape Hydrophone, NPS 3D Hydrophone, Quest Educational Platform)
b. Disconnect the primary node from the MARS trunk cable
c. Remove the node from the trawl resistant frame (TRF) and send to surface (It is its own elevator, 100lbs positive)
d. Install the mini-node in the TRF
i. Connect the trunk cable to the mini-node (power/data)
ii. Power up the system and verify operation
iii. Connect the research experiments to the mini-node and energize each in turn
iv. Verify operation of each research project
3) Testing of the Fluorinert in the MVC and LV housings (this product can disassociate into hazardous product if exposed to 200Deg C temps, Because there have been some electrical issues with the system it has been determined prudent to conduct these tests)
4) Install new data transport and MVC in the primary node
5) Ship LV housing and new MVC to UW for installation of the LV electronics
In addition to the node upgrade, continue providing service to existing users, court new users and support deployment efforts. Also, continue the operation and maintenance of the system (mini-node).
[bookmark: _GoBack]The Quest Educational Platform will be deployed in March 2021 COVID dependent. Support from the MARS team will see this platform through testing on the Wet Node Simulator (needs upgrading to match the new data transport scheme; most major components are in house and need assembly and integration). 
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You have the option of selecting “nothing to report” in this section.  There are no limitations to the number of entries you submit and you can also pull information directly from Thomson Search when using the online tool on Research.gov.
Within the Products section, you can list any products resulting from your project during the specified reporting period, such as: 
Journals: 
Books: 
Book Chapters: 
Thesis/Dissertations: 
Conference Papers and Presentations: 
Smith, K.B., Leary, P, and Deal, T.J., “Merchant vessel source level estimation from low-frequency vector sensor systems,” 178th Meeting of Acoustical Society of America, 2-6 December, 2019. [Invited talk.]

Urmy, S.S., K.J. Benoit-Bird, J.P. Ryan, J.K. Horne. Predation, fear, 
and dynamic vertical structure in the mesopelagic. Association for the 
Sciences of Limnology and Oceanography Ocean Sciences Meeting, San Diego 
CA February 2020.

S. Martini, "La bioluminescence dans l’océan",  invited by L. Feuillassier à Océanopolis (Brest, France), 2020

Other Publications: 
Technologies or Techniques: 
Patents: 
Inventions: 
Licenses: 
Websites: 
https://www.mbari.org/technology/solving-challenges/persistent-presence/mars-hydrophone/ Human and natural sounds generated in the ocean, project description and goals
Light on MARS https://www.mbari.org/at-sea/cabled-observatory/mars-science-experiments/light-on-mars-serenity/
Describing the use of Photo-multipliers to investigate bioluminescence in the ocean
MARS A new Way of Doing Oceanography https://www.mbari.org/at-sea/cabled-observatory/
An overview of the MARS Observatory showing past and current connected projects along with details of the system and connection information for researchers. There are links for fisherman providing charts and local notice to mariners and a hot line for possible entangle issues.
https://www.researchgate.net/publication/345648542_Utilizing_Distributed_Acoustic_Sensing_and_Ocean_Bottom_Fiber_Optic_Cables_for_Submarine_Structural_Characterization Based on work done with DAS equipment connected to the MARS observatory in 2018, 2019 and 2020.

Other Products: 

NOTE: You may upload PDF files with images, tables, charts, or other graphics in support of the Products section. You may upload up to 4 PDF files with a maximum file size of 5 MB each.
Participants 

There are no limits on the number of participants you list for this section; however, you must list participants who have worked one person month or more for the project reporting period. You have the option of selecting “nothing to report” in this section.   For Research Experience for Undergraduates (REU) sites and supplements, specific questions will be listed in this section. The online service will also ask for additional information on participants such as: 
     
· What individuals have worked on the project?
· What organizations have been involved as partners?
· Have other collaborators or contacts been involved?



What individuals have worked on the project?  
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	Name 
	Most Senior Project Role 
	Nearest Person Month Worked

	Michael Kelly
	Principle Investigator
	1

	T Craig Dawe
	Principle Investigator/
Operations Mgr/Technician
	1/2/1

	Linda Khunz
	Researcher
	2

	Mandy Allen
	Permit Specialist
	1

	Duane Thompson
	Technician
	3

	David French
	Technician
	1

	Ford Thompson
	Machinist
	1




What other organizations have been involved as partners?
The online service will also ask you for additional information such as:      
· Type of Partner Organization: Other Nonprofits
· Name: The David and Lucile Packard Foundation 
· Location: Palo Alto, California 
· Partner’s contribution to the project: Financial support/Facilities/Collaborative Research. The David and Lucile Packard Foundation provide funding for Michael Kelly, Mandy Allen and partial funding for Craig Dawe as PI along with other support personnel through the Monterey Bay Aquarium Research Institute (MBARI).

 
· Type of Partner Organization: Educational Institution
· Name: University of Washington Applied Physics Laboratory
· Location: Seattle Washington
· Partner’s contribution to the project: Preliminary design work for new electronics and software for the MARS upgrade (2021/2022)

Have other collaborators or contacts been involved?   Yes
· Bird, Larry EENG-Mechanical Eng-Mfg
· McGill, Paul RENG-Electrical Engineer
· Richard Schramm Eng Software Engineer
· Gene Massion Eng Mechanical Engineer
· Teledyne Marine Systems: Sean Brennan/Steven Gloor

Impacts 

You have the option of selecting “nothing to report” in this section.  
What is the impact on the development of the principal discipline(s) of the project? 
MARS continues to provide a cost effective platform for testing of instruments destined for the OOI Cabled Array. Versatile schedules, year round access to the node with transit/deployment/recovery capable of being completed in a single day provides increased confidence of a deployment on the larger array.
New users including the NPS, Quest Institute, MBA and UW APL have turned in to long term residents on the system. 
To maintain availability to platforms for testing it may require creating a breakout port to accommodate lower power and lower data bandwidth experiments similar to the Deepsea Connect project where one port has three physical connections.
What is the impact on other disciplines? 


What is the impact on the development of human resources? 


What is the impact on physical resources that form infrastructure? 


What is the impact on institutional resources that form infrastructure? 
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What is the impact on information resources that form infrastructure? 


What is the impact on technology transfer? 


What is the impact on society beyond science and technology?
MARS/MBARI and project outreach inform the general population about the ocean, by providing a view into the goings on beneath the waves through demonstration, presentation and education to the local communities. A knowledgeable society is better able to make decisions about how to manage the oceans well into the future.

Changes / Problems

If not previously reported in writing to the agency through other mechanisms, provide the following additional information or state, "Nothing to Report", if applicable. 

Changes in approach and reason for change: 
Due to testing results from the vendor (Teledyne ODI) of the high power connectors a plan was developed to retool the MARS node and update/refurbish as much as was possible:
· New data transport hardware has been purchased/tested locally 
· New 1PPS/timing hardware has been purchased and tested locally
· New power supplies (Schaefer 1800-2300VDC/375 VDC) have been purchased and a new controller for the surface supply (Schaefer 208-3ph/1800-2300 VDC) has been built.
· A new housing for the MVC is under construction.
· The original housing is three times larger than what is needed, and would need extensive modification to accommodate the new power supplies. Pre-building the MVC makes good sense and reduces complexity.
· The connectors on the original will be harvested and re-used.
· New underwater mate-able connectors for the science port have been either procured or are on order. This includes a major upgrade to one of the science ports to fiber and power (Hybrid 375VDC, 4 SM fiber). The decision to replace rather than refurbish the node wet mate connectors goes to reliability, several items were returned to the vendor after minimal deployment time (MOOS system wet-mates) with a response of “Beyond Economical Repair” (BER) making refurbishment less likely if not impossible. This would be a critical path item.
· University of Washington, the original vendor of the Low Voltage (LV) electronics was contacted to supply replacement boards for the existing system. The response was not positive as many components are obsolete and would require a redesign. An offer was made by UW APL to supply new electronics based on the equipment currently deployed in the array off Washington/Oregon and supply new software base on that current in the array to control the LV package. The software upgrade was almost as important as the hardware upgrade but was originally delayed due to complexity and time constraints.



Actual or Anticipated problems or delays and actions or plans to resolve them:
The main High Voltage connector remains the major weak point in the plan to date. If it fails during the deployment of the Mini-node or redeployment of the primary node, the system will go down for an undetermined amount of time. To rectify the situation, either a new deployment method/connection would have to be devised, procured and implemented or the power supply portion of the MARS cable would have to be permanently connected to the node and just the LV and data transport equipment be recoverable for refurbishment/upgrade. Either scenario requires the use and expense of a cable ship to bring the cable and the trawl resistant frame to the surface for rework.

Changes that have a significant impact on expenditures: 
The above issue would have a major impact on expenditures, new connectors/penetrators, labor, cable ship costs. Exact details of this are to be determined.

Significant changes in use or care of human subjects: 


Significant changes in use or care of vertebrate animals: 


Significant changes in use or care of biohazards: 
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This report section is only available when Special Requirements are specifically noted in the solicitation and approved by the Office of Management and Budget. 

NOTE: You may upload PDF files in support of the Special Requirements section. You may upload PDF files with a maximum file size of 10 MB each. There is no limit to the number of files uploaded. 
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