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	Feasibility/Scoping
[Less than 100 days effort]
	Development[footnoteRef:1] [1:  Development and infrastructure projects must complete the risk matrix (see end of the proposal form).] 

	Research
	Infrastructure2
	Education
	Time Series
	Institute Initiative



Project Manager[footnoteRef:2]:		Gene Massion [2:  Not all projects will require all four titles to be filled in. Please indicate individuals only for those titles that are appropriate for your project. ] 

Principal Investigator:	Ken Johnson
Lead Scientist:			Ken Johnson
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	Project Title:		CPF Science Applications
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	Ocean 
biogeochemistry
	Ecosystem dynamics
	Ocean visualization
	Exploration & discovery






Please indicate percentage of effort on this project anticipated for 2021 toward these three highest institutional goals (percentage total should equal 100%). 

	Goal
	Developing/adapting innovative technologies
	Utilizing developments to explore and understand ocean systems
	Technology/knowledge transfer[footnoteRef:3] [3:  This category includes transfer of hardware, know-how, publications, presentations, etc. ] 


	Percentage
	20
	70
	10
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1) ABSTRACT (if submitted during abstract phase)

We expect to have completed the construction of three floats needed for a CPF science experiment by this fall and we should have demonstrated their successful operation in a series of test deployments. This was a milestone set for 2019/early2020, but was delayed due to availability of engineering resources and the COVID-19 impact. The next step is the science experiment, outlined in our previous proposal, of month-long deployments of the array in Monterey Bay to assess nutrient sources. Successful completion of that milestone marks the end of the core CPF development process. In this proposal, we will complete that milestone and then continue conducting science missions with our colleagues while expanding the range and volume of science missions the CPF can support. Potential science missions include studying export dynamics in Monterey Bay, internal wave impacts on the delivery of acidic corrosive waters onto nearshore ecosystems such as kelp forests, and quantifying primary productivity from diel cycles of O2 and pH in the euphotic zone.



2) PROPOSAL

a) All Projects

Statement of the challenge, why it is important

The continental shelves and slopes comprise only 5 to 10 % of the ocean area, but they contribute half of the global new primary production (Benway et al., 2015). Variability in this new primary production can be a major control on air-sea CO2 flux (Evans et al., 2015). The disproportionately high new primary production in coastal systems supports the vast majority of global fish production (Ryther, 1969), which may be significantly impacted by future climate change (Brander, 2007). Other than remote sensing of ocean color, there are no observing systems that provide a systematic view of ecosystem processes such as new or net primary production in coastal systems. As a result, the Coastal Carbon Synthesis (Benway et al., 2015) calls for greater use of autonomous platforms and sensors to assess carbon cycle processes, “All coastal regions of North America experience short-term events (e.g., winter storms, plankton blooms, hurricanes, upwelling and acidification events) that can strongly influence carbon delivery, processing, and fate, so there is a need to further develop our observational capacity (e.g., novel autonomous platforms) in all continental margin systems to be able to capture eventscale processes and quantify their impacts on coastal carbon budgets.” Coastal profiling floats also provide an efficient means to monitor regional signals of ocean acidification (Chan et al., 2017) in open, shelf waters. The CPF is designed specifically to provide a robust, highly capable, reasonable configurable array of observational platforms in support of coastal science research list that described above.

Relevance

How does it relate/contribute to MBARI’s mission and strategic plan?

The 3 overarching goals from the 2011 strategic plan can be summarized as “Develop or adapt innovative technologies … to explore and understand how natural ocean systems operate and how they respond to natural and anthropogenic change …[and] transfer the knowledge gained, solutions devised, and the technology developed to communities outside of MBARI”.  The CPF extends existing profiling float technology to allow a comprehensive suite of biogeochemical instruments to be deployed in the coastal zone and upper 500 meters of the world’s oceans in order to understand the effects of a warming climate, increased use of nitrogen fertilizers, acidification, loss of sea ice, decreasing oxygen concentrations and a variety of other natural and anthropogenically driven processes. The end goal for the CPF is to transfer the technology to a commercial partner making it available to entire oceanographic community.

Does it relate to the Technology Roadmap? If so, please describe how. (See http://mww.mbari.org/oed/TechnologyRoadmap.pdf.)

Yes. The CPF fits in 2 of the 3 initiatives identified in the Technical Roadmap, “Taking the laboratory into the ocean” and “Advancing a persistent presence” and the “Biogeochemical cycles” challenge also identified in the Technology Roadmap.

How does it relate/contribute to the Packard Foundation’s Ocean Grantmaking Program? (See https://www.packard.org/what-we-fund/ocean/ and documents therein.)

The David & Lucille Packard Foundation U.S. West Coast Strategic Plan identifies 4 desired outcomes for their activities in the next 10 years.  One of these is “Fisheries and protected area managers are equipped to implement ecosystem-based management and adapt to the impacts of climate change and ocean acidification”.  The CPF is targeted at providing precisely the kind of fundamental, economically sustainable, ecosystem wide data required by fisheries and protected area managers to make science driven, ecosystem-based policy decisions.  

Overall approach to the challenge: Over the complete term of the project, what is needed to address the challenge (e.g., sensors, platforms, marine operations, de novo R & D, etc.)

Research

We believe at the end of 2020 the CPF project will be ready to transition from a project focused on technology development to a project focused on using the CPF technology for a range of science applications.  In addition to the experiments we have defined relevant to our lab’s science goals, we will expand to support experiments outside our lab.  With respect to our lab’s science goals, we expect to have run the initial experiment focusing on the influence of lateral nutrient transport from upwelling plumes versus canyon upwelling on the development of high chlorophyll levels in the Monterey Bay (Graham et al., 1997; Ryan et al., 2010) by the end of 2020.  We will refine and repeat this experiment during the spring and fall of 2021.  With respect to supporting science experiments outside our lab, we are collaborating with the Fassbender lab to support their Mixing Rates from Autonomous Profiling Floats in the Coastal Oceans project proposal. The current plan for that project involves roughly 4 or 5 experiments of 1-3 days each during the month they have access to the Rockland MicroRider turbulent microstructure instrument, probably during the summer of 2021.

Other colleagues have indicated interest in using the CPF and we will work with them to plan how best to meet their needs. These include MBARI’s ESP project, MBARI’s Takeshita lab and Brigit Klein at the Federal Maritime and Hydrographic Agency (BSH) in Germany has expressed interest in using the CPF in the Arctic where conventional profiling floats do not have enough buoyancy change to make deep profiles. Successful completion of this year’s science mission should provide a basis to develop more external collaborations.

Engineering/Technology Development

We expect to have a fully operational CPF by the end of this year.  While the focus of the proposed work is on science applications, there are parts of the CPF technology we’d like to improve.  

Increasing mission life by reducing power consumption.  We believe we have all the functionality built into the current CPF electronics to minimize power consumption to a reasonable level but we are still learning and will continue learning how to use optimize this functionality for specific science missions. 

Development of an inertial current meter.  We have started development of a sensor based on a COTS inertial measurement unit capable of making current velocity profiles experienced by the CPF as it profiles vertically. Work on this task will continue. 

[bookmark: _GoBack]Refactoring the CPF code base to C/C++. The current C# development environment was exceptionally effective at getting us through the development process.  However, moving forward we think it makes sense to refactor the software to the more commonly accepted C/C++ embedded software environment. The good news is the current C# software architecture is highly object oriented and makes use of the standard “Gang of Four” state machine design pattern (Gamma, E., Helm, R., Johnson, R. E., & Vlissides, J. (1995). Design patterns: Elements of reusable object-oriented software).  There are several frameworks available for C/C++ that will simplify moving the CPF code to C/C++ and we have tested several while working at home in the spring of 2020. While we don’t believe this process is particularly risky, it is time consuming and we are requesting a modest amount of outside consulting time to help with this process. This is a task that can effectively be moved into 2020 if that makes sense from an overall MBARI budget perspective.

A 4th CPF for engineering and as a spare for science operations. Given that we expect our current fleet of 3 CPFs to be mostly at sea running science missions, we are requesting funds to build a fourth CPF.  This CPF will serve as an engineering test bed and as a spare for science missions if required. In response to the MBARI 2021 budget uncertainty, we have broken this budget item into 2 parts a) $25K for the core CPF platform including the CTD and b) $60K for the other science sensors.  Ideally, we’d be able to start the core platform purchases Q1 2021.  The individual sensor purchase(s) can be scheduled as necessary to fit MBARI’s budget profile.  Of course, changes to our purchasing schedule can be made at any point during 2020 and basically any time before a PO is placed in 2021.

A high energy density battery pack.  This work has been delayed and we hope to start in earnest in 2021.


Technology transfer. It has always been our intent to transition the CPF technology to an external partner.  We believe that after the successful completion of the upwelling experiments planned for this year we will have established a reasonable basis for discussions with external partners

Marine Operations/Field Programs

We have been using the R/V Paragon quite successfully for our field work and expect to continue using the Paragon for the proposed work.  We have discussed with Mike Kelly and Jared Figurski the process of moving CPF deployment and recoveries to DMO.  The Engineering and Science team will still be responsible for prepping the CPF array for every mission but the deployment and recovery tasks will be done by Jared and his crew.  Gene Massion will participate in CPF deployments and recoveries until Jared and his crew are comfortable with the process.  Deploying and recovering the CPF isn’t a complicated process and we don’t expect this hand off to take very long. 

Data

What data products will be generated?

 The CPF measure all six of the BGC-Argo core variables: dissolved oxygen, nitrate (NO3), pH, Chl-a, suspended particles, and downwelling irradiance in addition to the standard CTD variables (Xiao-Gang XING, Hervé CLAUSTRE, Emmanuel BOSS & Fei CHAI (2018) Toward deeper development of Biogeochemical-Argo floats, Atmospheric and Oceanic Science Letters, 11:3, 287-290).  These variables are measured at user specified depths on each profile.  A set of files are generated for each profile.  The file set is transmitted to shore after each profile and stored in our project repository.  Examples of the products generated by our on shore processing scripts are provided here.

[image: ]

[image: ]

How will the data products be managed?

FloatViz ( https://www.mbari.org/science/upper-ocean-systems/chemical-sensor-group/floatviz/ )

Describe data availability outside of the project team.

FloatViz is openly available on the web.

Describe data storage requirements.

Less than 1 GB per year

Anticipated Impact

Who are the consumers of the instruments, methods, systems, and data that will be generated?

The CPF project targets development of a platform that can support a broad suite of biogeochemical instruments and can be operated economically over large coastal ocean regions and for years at a time.  We believe this technology is well suited to address the challenges described in more detail in the Statement of the Challenge section in this proposal including primary production, air-sea CO2 flux, ecosystem processes in coastal systems and ocean acidification in open, shelf waters.

The MBARI Fassbender and Takeshita labs are part of the science team planning, executing and consuming data from the proposed CPF science missions.  Both Andrea and Yui are coordinating wave glider and Spray glider deployments to acquire contextual data for the proposed science missions.

We are pleased to note that the CPF, even while still in the development process, has been used by MBARI researchers including the Chavez group as part of the CANON project, Tom O’Reilly and Ivan Masmitja as a platform of opportunity for jelly tracking work with the waveglider and by Eva Fritzsche as an O2, pH and C02 instrument testing platform1.

The CPF can support a broad suite of biogeochemical instruments and can be operated economically over large coastal ocean regions.  We believe this technology is well suited to address the challenges described in more detail in the Statement of the Challenge section in this proposal including primary production, air-sea CO2 flux, ecosystem processes in coastal systems and ocean acidification in open, shelf waters. In this new proposal, we will continue running missions to address science issues relevant to our group and will extend the scope of CPF missions by targeting science groups outside of our group.

Anticipated Outreach

What outreach assets might you need to better reach the audience/consumers you are targeting? Specify how you might like to reach your audience (published paper, seminar, conference, social media, etc.) and what type of assets (graphic, animation, video, etc.) you might need ITD to help generate.

Working with the ITD staff to develop graphics, animations, videos, etc. would be great and we’ll discuss this with them during the proposal process.

Intellectual Property (IP) Considerations 

Do you anticipate a need for a cooperative research and development agreement or licensing arrangement with an external entity?

We will be pursuing technology transfer options that we hope will result in the need for a licensing agreement.

Will novel IP be created, and how might it be disseminated (e.g., open-source, royalty-free license, commercial license agreement)?

All 3 of the options are possible and we will be exploring them as part of our technology transfer work.

Will the work potentially result in a patentable product or service?

At first glance no, but we could use some guidance from the MT.

For additional guidance please review MBARI’s intellectual property internal web page: https://mww.mbari.org/itd/ip/.

b) Continuing Projects

If the proposed project includes multiple individual projects, please list each of these projects as a subheading in the proposal. For each subheading, please address the following:

Current status of project and results to date

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

Will you complete the current year’s scheduled work?

If you are at less than 50% resource usage, what is the plan to complete, or what work won’t be done this year?

Significant changes from previous project proposal 

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

To date has any novel intellectual property been developed and/or disseminated?


c) All Projects: Specific Plans for 2021

Research Activities and Engineering/technology development

The work breakdown structure for the proposed effort is shown here

	Task Name

	CPF Science Applications

	   Research

	      Chem Sensor Group

	         Refine Monterey Bay upwelling experiment

	         Run spring upwelling experiment

	         Run fall upwelling experiment

	         Plan offshore CPF experiment

	      Fassbender lab collaboration

	         Planning for Fassbender turbulence experiment

	         Turbulence experiment pilot experiment

	      Potential other collaborations

	         Brigit Klein arctic experiment

	         Takeshita lab experiment planning

	         ESP planning

	   Engineering/technology development

	      Reduce power consumption

	      Refactor code to C/C++

	      Inertial current meter development

	      Build 4th CPF

	      Technology transfer planning

	      High energy density battery pack, design and build





Will novel intellectual property be developed and/or disseminated?
Dissemination includes patenting, licensing, and collaboration agreements.

The complete 6 sensor BGC data set will be freely available on the internet.  We will be pursuing an external partner suitable for providing the CPF to the community under license. While we expect to support other groups using the CPF, collaborators agreement don’t’ seem necessary at this point.  It is possible that the CPF buoyancy engine may be a patentable technology and we will seek a more expert opinion on this possibility.

Field programs (detail ship requirements/deployments/diver requirements)

For 2021, we are planning two separate 30 day experiment similar to this year’s upwelling mission. For each mission, we are requesting 1 day for deployment of the array, one day for recovery and 3 days for array maintenance (re-positioning wayward floats for example).  This experiment is planned with a simultaneous wave glider deployment.  Ideally, the wave glider will be out for the entire 30 days of each mission. The Takeshita lab is considering deploying a glider for part of each of these 2 missions, up to 10 days per missions. Platform requests are summarized here.

Paragon: 10 days
Wave glider: 60 days
Spray Glider: 20 days.

In addition, We will be supporting the Fassbender lab’s turbulence scoping proposal and platform needs for the effort are being requested in that proposal.

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.  

Isotope Usage
Project teams must provide details regarding any planned isotope use on shore, on ships, in the Sanctuary, etc. Please review the guidance on isotope usage at http://www.mbari.org/at-sea/cruise-planning/hazardous-materials/ and policy at  http://mww.mbari.org/safety/SafetyManual/Isotope_Use_Policy.pdf, and then provide details on plans below.

None

Safety Disposal Needs
So the Safety office can plan and budget accordingly, please respond to the questions below regarding  any anticipated safety disposal needs for the coming year. Budget for cost of such removal will be captured by the safety office based on responses received.

Will this project generate more than 1 gallon (4 liters) of battery waste per year?

No

If yes, please indicate the type of batteries (alkaline, NiCad, NiMH, lithium ion or lithium metal) and the approximate amount of each to be generated.

NA

Will this project generate more than 15 gallons (60 liters) of hazardous liquid waste per year?

No

If yes, please indicate the composition of the waste(s) and the quantity of each to be generated.

NA

Specific deliverables

We expect to present the scientific results of the upwelling experiments either at a conference or as a journal article, potentially both.  We gave a presentation at Ocean Sciences 2020 and may submit an abstract to an engineering conference like Oceans 2021.

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

	2021 Project Start Date: 
[bookmark: Text9]MM/DD/2021
	Milestone 1
	Milestone 2
	Milestone 3
	Milestone 4
	Milestone 5
	Total Resources[footnoteRef:4] (in hours) for each resource category for all milestones listed here [4:  This number should be the same number you entered on the resource requests for this particular resource.] 


	Milestone Date
	April 2021
	June 2021 
	Oct 2021
	Sep 2021
	Nov 2021
	

	Milestone Description
	Upwelling Exp 1
	Turbulence
Exp
	Upwelling Exp 2
	CPF Design Refinements
	HED Battery pack
	

	Electrical Engineer
	
	
	
	440
	560
	1040

	Software Eng-Embedded
	
	
	
	
	
	

	Software Eng-Info Eng
	
	
	
	
	
	

	Mechanical Engineer
	
	
	
	
	
	

	Mechanical Eng-Division
	
	
	
	
	
	

	Mechanical Eng-Mfg
	
	
	
	
	
	

	Associate Engineer
	
	40
	
	200
	
	240

	120Electrical Tech
	
	
	
	640
	80
	720

	Software Tech
	
	
	
	
	
	

	Mechanical Tech
	
	
	
	120
	80
	200

	Machinist 
	
	
	
	360
	40
	400

	Divers
	
	
	
	
	
	



Budget justification

	Supplies - Computer (Software)
	software maintenance and support
	$4,220
	

	
	
	
	

	Supplies - Engineering Lab
	Misc supplies, hydraulic fittings, connectors, electronics, small spares, plastic and metal material
	$3,500
	

	
	VectorNav V200 IMU (or similar)
	$8,100
	

	
	Iridium air time
	$7,500
	

	
	Spare instrument,  motors, pump, bladders, etc.
	$2,500
	

	
	
	
	

	Travel - Domestic
	Present at 2021 Oceans meeting (or similar)
	$2,800
	

	Subtotal
	
	
	$28,620

	
	
	
	

	Capital Equipment
	Core CPF (w/CTD)
	$21,000
	$21,000

	
	pH sensor
	$2,500
	

	
	Nitrate Sensor
	$8,000
	

	
	OCR
	$7,500
	

	
	Optode
	$6,700
	

	
	FLBB
	$11,500
	

	
	CPF Sensor subtotal
	
	$36,200

	
	CPF SN004 subtotal
	
	$57,200

	
	VectorNav VN-100 IMU (or similar) for ICM
	
	

	
	
	
	

	Outside Services
	Software consulting
	$25,000
	

	
	
	
	




Project team

The CPF project team includes Eric Martin, Ed Mellinger, Mike Parker, Paul Coenen, Jose Rosal, Ray Thompson, Mark Tynes, Ken Johnson, Yui Takeshita, Andrea Fassbender and Gene Massion

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.

The workbench we’ve been using in the LRAUV lab by the test tank has proven incredibly useful in our testing process and we sincerely hope we can continue to use this space in addition to the Chemical Sensor Lab.  During the proposed science experiments, space in the dock house would be exceptionally useful for storage and battery charging of our 3 floats during each mission.  Probably space for one or two of our typical folding cargo boxes is all that would be needed.

R/V Paragon Requests
If the project team will be requesting time for the R/V Paragon, please specify the operators in the group and provide estimates of their availability to operate the vessel. DMO staff have extremely limited  availability to be operators and only with advanced budgeting and planning.

We described the plan for transitioning deployments and recoveries to DMO above.  Our experience has been that deploying or recovering 1 CPF takes about ½ a day.  2021 year’s missions will deploy/recover 3 CPFs so we’re requesting a full day for each operation. Gene Massion is also a Paragon operator.

Risk matrix (development and infrastructure projects only)

	
	Technical Risk
	Organizational Risk
	Tech Transfer Risk
	Labor Estimate Risk

	High
	
	
	
	

	Medium
	X
	
	X
	

	Low
	
	X
	
	X




d) Compliance Considerations

Export Regulation
Does the project team anticipate any foreign collaborations or international travel? If so, please identify collaborators by name, institution, and country.

No

Does the project team plan or anticipate export-controlled purchases, shipments, or transfers of items (e.g., research instruments, proprietary data, hand-carried tools or samples) outside the U.S. temporarily or permanently? If yes, please identify country or countries and indicate whether these items will remain under MBARI control while abroad or controlled by others. Will the items be exported to more than one country? Please include foreign collaborator information as described above.

No

Monterey Bay National Marine Sanctuary (MBNMS)

General Permit
Projects teams need to indicate if any work will be performed that is either: (1) currently authorized under our general permit; or (2) will require that we obtain authorization. The current permit can be viewed at https://mww.mbari.org/pco/permits/mbnms-2020-006_exp28feb2025.pdf. Please see Mandy Allen for questions.

Is a permit with MBNMS required for your work? 

 Yes, to the best of our understanding, the proposed work is covered under our current permit.

SESAs (General map)
Projects will need to indicate whether or not work will be conducted within one of the Monterey Bay National Marine Sanctuary's Ecologically Significant Areas (SESAs). If your work will be conducted in one of these areas, please indicate which area by number or name.

None of the proposed experiments will be conducted in any of the MBNMS SESAs.  However, it is possible that a wayward float could drift over or touch down in  SESA #6 or #8 before we can recover it, e.g. in bad weather.

Anchors
For activities conducted under MBARI's permit for the Monterey Bay National Marine Sanctuary, Paragraph 16, we are required to recover anchors weighing less than 500 pounds. Project proposals, which involve anchors weighing less than 500 pounds, shall specifically indicate cruise time allocated to anchor recovery. Lack of cruise time is not an acceptable reason for deeming an anchor less than 500 pounds “unrecoverable” under Paragraph 17 of MBNMS permit. Also under Paragraph 17, ALL anchors not recovered during the year must be reported detailing location, description of anchor, and reason not recovered. (Mandy Allen will collect this information from project teams to submit as part of the annual report to the Sanctuary.) Each ship will be tracking anchors deployed, duration of attempted anchor recovery, and anchors abandoned on the seafloor with the intent that they be recovered in the future as per MBNMS permit requirements.

Will you be deploying equipment that will require anchoring? If so, please indicate approximate weight of anchors to be used and recovery plans.

Anchoring on the bottom is a fundamental capability of the CPF. The anchoring force is about 2 kg and the CPF is of course, self-recovering in typical operations.

California Department of Fish & Wildlife
A Scientific Collecting Permit will be required for biological and geological sample collections offshore California (even in Federal waters and beyond), and for many activities in State Marine Protected Areas (MPAs). Please see Mandy Allen for questions.

Will you be collecting samples that require a permit?

No

Will you be working in a State Marine Protected Area?(See link above for Statewide MPAs or this link for Central California MPAs.)

Yes, the Soquel Canyon State Marine Conservation Area

United States Coast Guard
If your project will deploy or maintain moorings, the project team must ensure proper compliance and notification of these activities to the US Coast Guard. DMO does not automatically do these notifications on behalf of projects. Two common types of permits and notifications that may apply to your project are Private Aid to Navigation (PATON) authorizations (required for buoys deployed for six (6) months or longer) and Notice to Mariners, which must be submitted for temporary PATONs (less than 6-month deployments). Other science operations may submit a request for a Local Notice to Mariners and are useful for missions or deployments with risk of 3rd Party Liability such as the Wave Glider.

Will your project require a PATON? 

No

If yes, have you obtained a PATON? (Please provide a copy to Mandy Allen.)

NA

Will your project require submission of a Local Notice to Mariners?

No

If yes, please indicate who will be submitting request and provide a copy of the submission to Mandy Allen.

NA

Authorizations/Permits from other Agencies or Organizations
Is the project team aware of any other permits or authorizations that will be necessary to perform the proposed work? If so, please list below along with status of authorizations (obtained, pending, need to apply, etc.). Please see Mandy Allen if you have questions.

No

Active Acoustics
We are keeping an inventory of acoustic instrumentation. The current list is posted here: https://mww.mbari.org/resources/2021_Proposal_Process/mbari_acoustic_instruments_updated_may_13_2020_ver_13.xlsx. If you have or plan to use equipment that is not already on this list, please be sure to include that information here.

Nothing that isn’t already on the list.
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