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Project Title:

Development of a Coastal Profiling Float
1) ABSTRACT (new projects only)
A warming climate, increased use of nitrogen fertilizers, acidification, loss of sea ice, decreasing oxygen concentrations and a variety of other processes are expected to impact coastal waters.  Since much of the global ocean carbon cycling occurs in relatively shallow coastal waters where nutrients are upwelled to the surface, an observing system that can be distributed on a global scale is needed to provide assessments of the effects of these processes on fundamental biogeochemical processes such as net community production and carbon export.  We propose an effort to develop a profiling float optimized for use in coastal waters that can serve as the basis of an economically sustainable coastal observing system.  The goal is to provide the kind of “salient, credible and legitimate”1 knowledge that can strengthen the role of science in public policy and decision making.  Our approach is to extend the reach of the existing, successful global Argo array into the coastal zone by modifying existing Argo profiling float technology for operation in coastal waters.  Our unique contribution would be twofold.  First, development of a platform with a bottom “parking” mode optimized to increase the float residence times in the coastal zone.  Second, this platform will be optimized to ease integration of sensor suites specifically targeting coastal issues e.g., pH, nitrate, oxygen and bio-optical sensors.  

1 David & Lucille Packard Foundation Science Strategy: Linking Knowledge with Action
2) PROPOSAL
a) New Projects
Statement of the problem, why it is important
How does it relate/contribute to MBARI’s mission and strategic plan?
How does it relate/contribute to the Packard Foundation’s Ocean Visions Grantmaking policies? 
Approach to the problem
Publications (from other projects over the last 5 years)

b) Continuing Projects

Current status of project and results to date
Accomplishments to date include
1) We addressed the permitting issues with the Sanctuary last year and were able to start on the engineering development immediately in 2012

2) We have developed a set of requirements to guide the engineering development.

3) We completed a conceptual design of the proposed coastal profiling float (CPF) in order to better understand the overall design challenges and risks.

4) We have a bench top prototype of the buoyancy engine (BE) and a test fixture that allows us to run the buoyancy engine up to the full design pressure (500 meters).  The test fixture is instrumented and automated so we can run 100s of profile cycles and measure the performance and efficiency (electrical power in divided by mechanical power out) of the BE.  We have completed several long duration tests (~100 profile cycles) and are running more with various hydraulic “plumbing” configurations.
5) Based on the results from the benchtop BE tests, we have developed a detailed power budget for an entire CPF mission that allows us to evaluate the impact and tradeoffs of many mission parameters including maximum profile depth, number of profiles, anchoring scenarios, maximum buoyancy change, the effect of water column density profile and others.  The number of batteries in the CPF is a critical design driver and this MathCAD spread sheet allows us to better understand the tradeoffs associated with more or less batteries.

6) We have developed a dynamic model in Matlab/Simulink of our system including the BE control algorithm (currently a straight forward PID loop with derivative smoothing and integrator windup control).  The model gives us detailed insight into the behavior of the CPF under various mission scenarios and control strategies.  In particular, this model allows us to “run” the CPF under various control loop update rates and understand the impacts of longer update periods with lower energy requirements on profiling performance.
7) Based on the results of the BE testing and some design work on the electronics and software, we’ve moved the overall CPF conceptual design to something approaching a preliminary design and are currently building up a prototype of the CPF for use in the test tank.  This design is basically the guts of the preliminary design but without the cost and design effort of a 500 meter pressure housing.  
8) We have purchased and received the Webb APEX float.  We were able to “deploy” the float in our test tank with help from Dana Swift, our collaborator from Steve Riser’s lab at UW, while he was on site. 

9) We have the shore side server configured and running.  This server uploads data files from and downloads configuration files to deployed profilers.  We were able to validate this functionality during our tank test of the Webb float.

10)  Sergey Frolov completed the work required to allow us to use the JPL ROMS model to predict the path of deployed floats and potentially make use of advantageous currents to help keep deployed floats in the desired measurement volume.  Both Gene and Josh met with Sergey to transfer this technology to our lab.  
For the remainder of 2012 we expect to accomplish the following

1) Run the test tank CPF in order to a) refine power budget and control algorithms, b) develop surface and bottom detection algorithms
2) Start overall software design process

3) Finalize preliminary design and start fabrication of 500 meter design

4) Build the float charting application to track floats relative to sensitive areas

5) Deploy Webb APEX float in Monterey Bay

Significant changes from previous project proposal 

In the original proposal we moved from a benchtop prototype directly to the design and deployment of a prototype 500 meter CPF design.  Based on the detailed design work to date, the design effort and cost of the 500 meter pressure housing is significant and not something we wish to rush into.  However, we are satisfied the mechanical, electrical and software “guts” of the CPF are ready for rigorous testing.  We feel it is prudent to complete our tank testing with a more cost effective CPF using a simple inexpensive 10 meter housing before finalizing the 500 meter design.
We originally proposed buying 2 Webb APEX floats, one in 2012 and one in 2013.  At this point we think 1 Apex float is adequate for comparison to our new design.
Publications based on the results of this project only
a) New and Continuing Projects: Plans for 2013
Research Activities

Engineering/technology development

1) Build and deploy 500 meter CPF in Monterey Bay with minimum instrument suite.
2) Deploy Webb APEX float and compare performance vs new CPF design

3) Incorporate JPL ROMS model in deployments and evaluate its effectiveness

4) Deploy the CPF with full instrument suite

5) Investigate the use of CPF in other applications e.g., time series data collection, sample collection and return, imaging
Field programs (detail ship requirements/deployments/diver requirements)
We are requesting 2 Ventana days to observe the action of the CPF during its anchoring phase.  Both of these dives can be done in relatively shallow water and we should be done in about half a day.  We’d be happy to share these days with other users in whatever way makes sense.
We expect to do the majority of the CPF and Webb APEX deployments with MLML small boats.  However, we are requesting 3 days of John Martin time in case we need to do a rapid recovery in poor weather if a float approaches a sensitive area.

Specific deliverables
1) A 500 meter CPF with full instrument suite

2) ROMS predictive model application

3) Multiple float tracking application.

Milestones (see last page for personnel classification list)
	
	Milestone 1
	Milestone 2
	Milestone 3
	Milestone 4
	Milestone 5
	Total Resources
 for each resource category for all milestones listed here

	Milestone Date
	April 2013
	September 2013
	December 2013
	Q1 2014
	
	

	Milestone Description
	1st Mont Bay Engr. deployments
	Full up Mont Bay CPF deployments
	Test and Refine CPF
	Science Deployments Mont Bay
	
	

	EE
	
	
	
	
	
	

	SE
	250
	450
	200
	
	
	

	ME
	
	
	
	
	
	

	EE Tech
	
	
	
	
	
	

	SE Tech
	
	
	
	
	
	

	ME Tech
	80
	120
	40
	
	
	

	Machine Shop
	80
	120
	
	
	
	

	Divers
	
	
	
	
	
	


Budget justification
We are requesting funds to build and deploy (for engineering tests) one complete new 500 meter CPF with a full instrument suite and appropriate spares.  In addition, we are including funds to incorporate design modification based on lessons learned from the first deployments into the 500 meter CPF, the test tank CPF and the benchtop buoyancy engine simulator.
Project team
Gene Massion, Ken Johnson, Wayne Radochonski, Luke Coletti, Mike Parker
Project lab space
We don’t see the need for additional space outside the current Chem Sensor lab.
Data availability outside project team, uniqueness

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
Risk matrix (development and infrastructure projects only)
	
	Technical Risk
	Organizational Risk
	Tech Transfer Risk
	Labor Estimate Risk

	High
	
	
	
	

	Medium
	X
	X
	
	X

	Low
	
	
	X
	


Personnel Classifications

	Engineer - 

Mechanical Engineer
	Engineer - 

Electrical Engineer
	Engineer - 

Software Engineer 
	Engineer - 

Mechanical  Tech
	Engineer - 

Electrical Tech
	Engineer - 

Software Tech 
	Observ Support Technician 
	Science – 

Software Engineer

	(Reg)
	(Reg)
	(Reg)
	(Reg)
	(Reg)
	(Reg)
	(Reg)
	(Reg)

	Jim Birch (2/3)
	Mark Chaffey
	 Dave Caress 
	John Ferreira
	Paul Coenen 
	Karen S
	Mike Kelley
	Mike Godin

	Larry Bird
	Scott Jensen
	 Danelle Cline
	Frank Flores
	Tom Marion
	
	Jared Figurski
	Frederic Py

	Francois Cazenave 
	Chad Kecy
	 Duane Edgington(2/3)
	Mike Parker
	Jim Montgomery
	
	
	

	Jon Erickson
	Denis Klimov
	 Kevin Gomes (2/3)
	Jim Schofield
	Jose Rosal
	
	 
	

	Dale Graves (2/3)
	Paul McGill
	 Kent Headley (2/3)
	
	
	
	 
	 

	Andy Hamilton (2/3)
	Ed Mellinger
	Rich Henthorn 
	
	
	
	 
	Science – 

Mechanical Engineer

	Brett Hobson
	Craig Okuda
	Bob Herlien
	
	 
	 
	 
	(Reg)

	Bill Kirkwood
	Alana Sherman
	 Brian Kieft
	
	 
	 
	 
	Gene Massion 

	Doug Pargett
	
	Thom Maughan 
	
	 
	 
	 
	 

	Farley Shane
	
	Mike McCann
	
	 
	 
	 
	 

	
	
	Rob McEwen
	
	 
	 
	 
	 

	
	
	Tom O’Reilly
	
	
	
	
	

	
	
	Wayne Radochonski
	
	 
	 
	 
	 

	
	
	Mike Risi
	
	 
	 
	 
	 

	
	
	Brent Roman
	
	
	
	
	

	
	
	Carlos Rueda-Velasquez
	
	
	
	
	

	
	
	Brian Schlining
	
	
	
	
	

	
	
	Rich Schramm
	
	
	
	
	

	
	
	
	
	
	
	
	


� Development and infrastructure projects must complete the risk matrix (see item #5 at the end of the proposal form).


� 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. 


� This number should be the same number you entered on the resource requests for this particular resource.
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