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Top of Form
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 2017To that end MARS hosted three projects, an acoustic study renewed from 2016 Sanctuary Soundscape (Formerly Passive Acoustic Sensing) Ryan MBARI/,one short term project one long term project during this past year, the Monterey Ocean Bottom Broadband (MOBB) Seismometer and the Passive Acoustic Sensor Project. an engineering test/long term data effort of a new Geodetic Seismic Sensor Module (GSSM) Wilcox/Manalang UW, and Serenity Light on MARS a project utilizing photon detectors to analyze bioluminescence in the ocean, Haddock/Martini MBARI.
· The team also began efforts to recover the electronics with plans to upgrade and repair failed or aging components.Efforts to upgrade the MARS electronics components continue to be a priority to the project team, Assembly of a “Mini-node” to ocean test the upgraded electronic components is nearing completion, the critical path is the High Voltage Underwater Mate-able connector from Teledyne - Ocean Design Inc (ODI). This component is under pending investigation for possible design flaws by ODI.
What was accomplished under these goals (you must provide information for at least one of the 4 categories below)?
Major Activities
· The major activities of the MARS observatory were to operate and maintain the cabled observatory in safe and efficient manner. As in previous yearsOperationally,  MARS suffers from very few outageshas had very few data, most resulting from  and power interruptions with exception noted tdue too local utility failures, Internet Service Provider (ISP) outages and internal network hardware failures and configuration issues. The hardware failure caused a five-day outage of the system. This was identified as a power supply failure in one of the core routers in the system. These are schedule to be upgraded when the new node electronics upgrade is installed.  We also had a period of down time (4 days) for annual maintenance of the shore power system components. 
· The Monterey Ocean Bottom Broadband Seismometer (MOBB) experienced a fault in one of its interconnects and failed. The system was partially recovered with plans to retrieve the remaining cable in 2018. They are currently preparing to apply for funding to re-install the cable plant and connect up the seismometer. Schedule has yet to be determined.
The result is near continuous streaming data from the MOBB system and the Soundscape Research and Education Project
· Sanctuary Soundscape Research and Education Project (Ryan MBARI, Jeremy Goldbogen, Dave Cade Hopkins Marine Station, Independent researchers: Marjolaine Caillat, Mark Fischer, Alison Stimpert Moss Landing Marine Laboratories, John Joseph, Tetyana  Margolina Naval Postgraduate  School, Andrew DeVogelaere, Lisa Uttal NOAA/MBNMS, Simone Baumann‐Pickering, Anna Meyer Loebbecke, Jennifer Tricky Scripps, Brandon Southall UCSC) exchanged their equipment after a two year deployment and are expected to remain on the observatory for the foreseeable future. 
· Serenity-Light on MARS (Haddock/Martini MBARI) deployed photon detectors and environmental instruments (CTD, O2, ADCP) to study bioluminescence at the MARS site. This project is funded by the Haddock lab and is expected to continue as long as the equipment does.
· Geodetic Seismic Sensor Module (GSSM) (Wilcox/Manalang UW) was deployed in June of 2017, they expect to remain on the observatory for an indefinite period, hoping to collaborate with other users with similar interests. 
· From a maintenance perspective every effort where possible is made to keep hardware and software up to date and replace any items that show signs of fatigue. This rigorous program of maintenance is not possible with the subsea electronics. Planning to address issues in the Low Voltage (LV) electronics and with the prototype Medium Voltage Converter (MVC) was implemented in Spring of 2016.
· The MARS team provides continuous support to users and prospective users. This is accomplished through consults on design issues particularly on the mechanical side but also with electrical/electronic and networking configurations. Testing services prior to deployments are supported, ensuring the highest possibility of success.
· Outreach to potential users is ongoing, attending workshops (UNOLs/OOI Portland, ALOHA/MBARI Moss Landing) and presenting posters to inform about the capabilities of and the availability of MARS to the Science community and the public at large. Two new projects pending for MARS are a direct result of the outreach efforts. The first, a joint University of Washington Applied Physics Laboratory (UW APL)/Paroscientific effort to deploy a Geodetic and Seismic Sensor Module on the observatory in June of 2017.a project from the Quest Institute (http://thequestinstitute.com/) who specialize in Science Technology Engineering and Math (STEM) education at the high school level are planning to deploy a student works space on MARS that will initially have a Remotely Operated Vehicle connected (student inspired project). Quest is currently scheduled for a April deployment, this may be delayed due to lead times on hardware. The second is a joint venture between MBARI and the Naval Postgraduate School, who plan to connect a 3D hydrophone to MARS augmenting the existing Sanctuary Soundscape data. They are scheduled for an October deployment.project from University of California San Diego (Mark Zumberge) to install a long term geodetic observatory connected to MARS.
· A third new project slated for 2018 is the “Deep Sea Connect” wireless power and data interface. This is a MBARI funded project directed at reducing the cost of connection to the observatory for both science and public education efforts. This project is leveraging off the previous MARS effort of the same type and to learn from the lessons of that project.
· MARS is also represented at the annual MBARI Open House conducting public outreach, and informing the public about the capabilities and information coming from the deep ocean.
Specific Objectives:
		
	
	
	
	
	
	
	
	
	
	
	
	
	
	



	
	
	
	
	
	
	
	
	
		
	



	




	

	 


· The primary objective of 2017 was to develop a set of components and systems that would address the issues highlighted in 2016, 48 volt power, subsea connector issues, aging routers, remote access to subsea devices and the timing system. Component upgrades for the subsea node have been purchased and tested on shore and are awaiting a High Voltage Nautilus connector before final assembly into a reduced capability replacement for the The subsea LV electronics. Once the connector is in house the assembly will be completed and will be deployed pending a positive evaluation of the HV connector by the vendor. have some minor issues that need to be addressed and one significant issue. The minor issues include loss of 48 vdc on a single port, lack of sealing on the science port connectors, a lack of multiple path access to the various portions of the subsea electronics (Timing, Node Power Controller), failure of engineering sensors within the enclosures, and aging data transport equipment. These issues are not critical and have been circumvented through a number of approaches but should be addressed if the opportunity arises. The major issue with the LV system concerns timing. Users have reported unexplained jumps in the 1 Pulse Per Second (1PPS) signal that reduce the quality of observations. The MVC power can was also suspect based on details from the vendor during commissioning. With each shutdown and restart, the MVC takes longer to come back online, a possible indicator of an aging power supply.
· To address the above, the MARS team is building a "Mininode" that will serve as a test and verification tool for changes to be implemented in the LV and MVC electronics and an interim Science node to support existing and some future users while the primary node is being upgraded. An internal MBARI proposal was approved to supply engineering and technical resources to accomplish not only the build of the "Mininode" but recommissioning of the production MVC for a deployment in 2018 if required.

· During the "Lessons Learned" workshop held in Monterey in September of 2016 it was revealed that the underwater mate-able connectors used to connect observatories to their cable may have issues. Ocean Networks Canada had an outright failure on a brand new connector and a European deployment would not risk a mate/de-mate in fear of a failure. One of the MARS system vendors has advised "Not" cycling the High Voltage connector pair. The MARS team is currently working with the connector vendor on a solution to this issue and on long term maintenance and storage issues of these underwater mate-able connectors.


Significant results:
· First of the five year environmental surveys required by the MBNMS was completed at the end of 2015 and the report is available at: http://sanctuarysimon.org/regional_docs/monitoring_projects/100391_report_2015.pdf . The publication is too large to attach.
· The Monterey Ocean Bottom Broadband (MOBB) seismometer continued to provide seismic data to the Northern California Seismic Network until Aug 2, 2016. In March of 2016 dual earth faults occurred on the MOBB system. Limited diagnostics and physical inspections were conducted to determine a cause but unsuccessful. After swapping science ports on the MARS node it was determined that the fault was in the cable or connector most likely near the MARS end. On August 2nd the fault overwhelmed the control circuitry and tripped the current overload breaker ending a five year connection.  Further diagnosis requires a recovery of the MOBB electronics module, current meter and cable. Funding for this effort and redeployment is currently being investigated. The project was originally funded under NSF/OCE grant OCE-0648302.The MOBB failure last year was determined to be a failed seal on an o ring surface in one of the dry mate connectors. Because nothing was physically wrong with the connector it is suspected that the sealing surfaces were not clean which eventually (five years+) lead to the failure. The other significant finding of this failure was the need to develop a process to recover “extension” cables from the seafloor. Two attempts were undertaken with negative results each time. This is currently being discussed internally at MBARI.
· In Junely 20175 the Passive Acoustic Sensing project now known asSanctuary Soundscape Research and Education (MBARI Internal Proj #901502 Dawe (MARS PI) as lead Engineer) was re-deployed/refreshed on the MARS observatory. This project is examining the soundscape of the Monterey Bay National Marine Sanctuary from a listening point near the MARS cabled observatory.  The project goal is to leverage infrastructure and capabilities toward understanding foraging ecology.  This knowledge is essential to effective management of living marine resources, and it is massively challenging.  This project is supported by a number of external collaborators who are advising the MBARI team and using MARS hydrophone data in their education missions: John Joseph and Tetyana Margolina (NPS); Jeremy Goldbogen and Dave Cade (Stanford/Hopkins); and Simone Baumann Pickering (UCSD/Scripps).  Recorded marine mammal vocalizations have been ported to a mobile playback system to be used in public outreach with staff of the NOAA Exploration Center in Santa Cruz (Lisa Uttal), and research efforts are being integrated with the MBNMS goals in exploring the “Sanctuary Soundscape” (Andrew DeVogelaere). The Soundscape team submitted a new proposal that has been funded by MBARI/David and Lucile Packard Foundation to continue the ir work on a five year program
· Efforts to develop the "Easy Swap" connector package continued in 2016 with a deployment and trial in June of 2016. Unfortunately these efforts were only partially successful. Power and data were transferred wirelessly to a depth of 620m with multiple connection/disconnection cycles conducted. At the 620m depth the potted matrix supporting the mechanicals of the electronics experienced a failure. As this effort had consumed significant resources from the project both in labor and expenses it was decided to defer the work until a complete understanding of the failures and a solution could be determined. We hope to continue this work in 2018 after the update of the MARS electronics is complete.Collaboration between the University of Washington Applied Physics Lab and MARS staff resulted in the successful testing and deployment (June) of the GSSM sensor package for long term engineering test and data collection.
· Severine Martini and the Haddock lab (MBARI) worked closely with MARS and MBARI staff to test and deploy (June) a pair of Photon detectors paired with re-tasked PhoBOS sensors (CTD,O2, ADCP) to study bioluminescence.
How have the results been disseminated to communities of interest?Bottom of Form
· 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/) 
· [bookmark: _GoBack]Currently the Soundscape and Research Education project publishes the data online along with information about the project. (http://www.mbari.org/technology/solving-challenges/persistent-presence/mars-hydrophone/) The project also disseminates data and information through its collaborators NPS, Stanford/Hopkins, UCSD/Scripps, NOAA Exploration Center, MBNMS. ).  Recorded marine mammal vocalizations have been ported to a mobile playback system used in public outreach, local schools, Monterey Bay Aquarium. The group also published and presented paper at the Oceans 2016 Conference in Monterey Ca. The Soundscape project is a featured article in the MBARI annual report a public document There have been four recent presentations on the Soundscape work this past January: Sanctuary Research Advisory Panel, Whalefest Monterey, Monterey Bay Aquarium, and an Environmental Lecture Series in Soquel. Publications are pending..
· GSSM has presented at AGU 2017 New Orleans, Ocean Sciences Meeting Portland Oregon and has been accepted for Oceans 2018 in Japan.
· Light on MARS participated in the MBARI Open house in 2017 educating the public about the project and its goals. They are preparing for two pending presentations in Spring 2018.
· External users of MARS are under no obligation to disseminate their data.
What do you plan to do during the next reporting period to accomplish the goals?
· Plans for 2017 slipped for three reasons, a delay from the connector vendor to supply the refurbished components, no evaluation of the suitability of the HV connector from the vendor and the shipyard for the RV Rachel Carson (Oct1-Jan 9) which pushed any deployment to 2018. The vendor still has not delivered the HV connector (Feb 2018). Recovery/Deployment dates are in the schedule.
· Assembly of the “Mini-node” will be completed once the HV connector is in house. Dependent on the results of the connector evaluation, the Mini-node will either be deployed (NSF/MBARI approval) and refurbishment of the primary node will begin or the Mini-node will wet tested and shelved until such time as dictated by need to replace the primary node. Efforts in the 2017 year will continue to focus on the MARS LV and MVC upgrades, focusing on the build of the Mininode which will test the upgrades and verify their reliability. Will continue to work with the vendor of the High Voltage connectors to develop a solution to the unreliability. Assuming success in the above two programs, the main MARS electronics will be recovered in the Fall of 2017 and replaced by the Mininode. Refurbishment will begin and planned redeployment is for first quarter 2018.
· In 2017 there are two planned new projects to be deployed on the Observatory, the Geodetic Seismic Sensor Module (GSSM) from the University of Washington Applied Physics Laboratory (June 13) and a Bioluminescent Sensor (MBARI internal S. Haddock/ S Martini PI) which incorporates the previously deployed PhoBOS sensor suite  (April  12). The Soundscape and Education Research project will turn around the existing sensor in June. MOBB will begin recovery of the deployed hardware to determine what/why the system faulted.  All the above efforts will be supported by the MARS team in the way of testing, design and evaluation.
· 
· Several Two external consultations: UCSD,Quest Institute, NPS/Geospectrum Technologies, UW) have been conducted to evaluate feasibility of a MARS deployment of projects and will continue in 2017.and have resulted in two submissions for connection to the MARS Observatory currently schedule for April and October of 2018. The MARS team will provide consultation on device construction and connection interface and then testing on the Wet Node Simulator prior to deployment. 
· Kang Ding of UMinn is still on the books to be deployed but his status is unknown. The MARS team has reached out to determine the status of this project to no avail. A date has been set aside for a deployment if requested.expected to deploy his PH sensor system in 2018 and support will be provided to that effort.
· 
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 What other organizations have been involved as partners? Nothing to report 
Your organizations from your last annual report have been added to this report. Please review each one for accuracy by clicking 'View details'.
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	Type of Partner
Organization
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	View Details
	Actions

	The David and Lucile Packard Foundation
	Other Nonprofits
	Palo Alto, California
	Yes 
	View details 
	Edit details |  Delete 


What other collaborators or contacts have been involved? [image: more information about other collaborators or contacts]   
List any other people or organizations involved in the project that were not separately reported as participants or partner organizations.
MBARI
· Bird, Larry EENG-Mechanical Eng-Mfg
· Coenen, Paul EENG-Electrical Tech
· Marion , Thomas LENG-Electrical Tech
· McGill, Paul RENG-Electrical Engineer		
· 
· Montgomery, James NENG-Electrical Tech
· Scholfield, James TENG-Mechanical Tech
· Thompson, Ford RE Machinist			
· Jose Rosal Technician
· Thomas Marion Technician
· Douglas Pargett Eng Mechanical Engineer
· Richard Schramm Eng Software Engineer
Alcatel-Lucent Submarine Networks
· Antoine Lecroart/Garry Elrick
Teledyne Marine Systems
· John Flynn/Sean Brennan/Steven Gloor
What is the impact on the development of the principal discipline(s) of the project? 
Describe how findings, results, techniques that were developed or extended, or other products from the project made an impact or are likely to make an impact on the base of knowledge, theory, and research and/or pedagogical methods in the principal disciplinary field(s) of the project.
· Development of the easy swap contact-less power and data transfer technology will have a significant impact on the ability to interconnect devices and equipment subsea. This technology will reduce the costs of the current "contact" based connection systems as well as reduce the complexity and effort required to interconnect at the bottom of the ocean. It is hoped that this effort will be continued in 2018.Lessons from the Easy-Swap connector effort have resulted in an MBARI funded project to continue the work to develop a reduced cost method of wireless data and power connectivity, MBARI project # 901802 Dawe (MARS PI) project manager. 
· Serenity Light on MARS was deployed June 20th 2017, that same day the Sanctuary Soundscape developed issues with interference in their data collection. As a result of this the operational profile of the Serenity instruments was modified to allow for longer periods of less interference, satisfying the needs of both projects. 
· 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.  
Changes/ Problems
Changes in approach and reasons for change
· TThe pending evaluation of the Teledyne ODI High Voltage connector and the delivery delay of that connector and associated assemblies has had significant impact on the 2017 plans to recover and refurbish the MARS main electronics and power supply. It is hoped that evaluation and connector will be delivered early in 2018 and allow completion of the Mini-node. The evaluation of that same connector will determine the path forward for the refurbishment of the main node. Options include 1) Recover and refurbish (upgrade routers, timing, 48vdc, connector issues and aux communications) the main node with no changes to the power system, 2) as (1) above but replace the current power supply with a version better suited to the connector capabilities or 3) complete the Mini-node and wait till the main node fails or has too many issues to make it reliable then replace it with the completed Mini-node. his is not so much a change in approach but a maintenance item that could have significant impact on the operations of the MARS facility. When deployed, MARS incorporated a prototype MVC. The program intent was to replace this MVC with a production version if and when it was required or in the advent of a failure in the prototype. During commissioning (shore based) of the production  version it was indicated that signs of pending failure could be indicated by slow startup times during power up. This situation has been evident on the MARS node during the last few maintenance and inadvertent shut downs of the system.  A plan to recover the MARS electronics became a maintenance goal of the team. Along with the MVC several other systems were seen to having issues, loss 48vdc on a single port, several science ports not sealing after removal of a connector, aging/power hungry data distribution equipment and a poorly functioning timing system none of which have been serious enough to warrant recovery. The MVC issue presented an opportunity to address these other minor issues at the same time and in a preventative fashion. To accomplish this, the MARS team and associated resources at MBARI are in the process of building a Mininode that will replace the main electronics while it is being serviced and act as a test bed for the changes to be implemented in the refurbished node. 
Actual or Anticipated problems or delays and actions or plans to resolve them
· During the recent Ocean Observatories "Lessons Learned" work shop held in Sept of 2016 there was a presentation by Ocean Networks Canada (ONC)where they had to recover the node electronics and replace it with a spare. This act caused a High Voltage (HV) connector failure. As MARS uses the same connectors as ONC this presents cause for concern. If the connector fails during reconnect or during connection of the Mininode, the system will be shut down. The options for repair are to bring in a cable ship and replace the "faulty" connectors with a penetrator type solution as ONC did or abandon the system and seek funds to remove the node and cable from the MBNMS. We are currently working with the connector manufacturer to determine the exact cause of the ONC failure and what if any implications it has on a MARS node recovery/re-deployment.The MARS team continues to work with the connector vendor to determine the cause of the failure of the HV connector, the outcome of this testing will determine the path to upgrade or prepare for an outage and replace the current electronics with the Mini-node. 
Changes that have significant impact on expenditures
· Upgrading the node will have a significant impact on expenditures and personnel resources in 2017. Additional resources have been requested from the host institution (MBARI) to meet these needs and have been approved. Additional expenses will come in the form of connector refurbishment (Teledyne Marine Systems) for use on the Mininode and refurbishment of the deployed connectors on the main electronics module. Build of the Mininode housing and replacement of the timing system. The data transport system costs were expected and are incorporated into the award. It is expected that these additional cost will not exceed the current award unless the HV connector fails and we are required to bring in a cable ship to effect repairs or recover the system completely.If the path to Node refurbishment is to be completed with a new power scheme there will be some additional expenses to build a power supply however, they should fall within the current working budget of the project.
· If the Teledyne-ODI HV connector does not meet specifications and fails, this would necessitate a cableship repair.  The cableship repair to recover the entire node would be an expensive operation, but the system would be inoperable until such time as a repair was completed. 	Comment by Michael Kelly: Not sure if this is best in this section or the above section
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