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1) ABSTRACT (new projects only)
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? (See http://mww.mbari.org/oed/OED_Documents3.htm#Packard for documents.)
Approach to the problem
Publications (from other projects over the last 5 years)

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
The BEDs project was initiated in 2010 as a hybrid feasibility-development project to measure the nature of down-canyon sediment movement within the axis of Monterey Canyon during debris flow events. 
Early in 2010 the biggest challenge was identified as being the need to communicate with and retrieve data from an instrument buried within the sediment. Failure to recover data from a buried BED is the most significant risk for meeting the scientific goals of the project. At the end of 2010, the team conducted a concept design review that described the following goals for 2011:
	Quarter (2011)
	Milestone

	Q1
	Select best technology for through sediment communications

	Q2
	Select initial sensor package for BED

	Q3
	Design prototype with limited deployment time and functionality

	Q4 – December 2011
	Hold Preliminary Design Review


After conducting the acoustic modem tank tests outlined in the 2011 proposal, further communications testing was done with electromagnetic modems and radio frequency identification tags. It was determined that acoustic modems offered the best all around range, throughput, and value but further testing was needed along with the development of a data budget to determine if the acoustic modems would meet our requirements. Prior to determining a data budget, requirements needed to be firmed up. The latest draft of the functional requirements specification is listed in Appendix A. Based on these preliminary requirements, the team was able to create a rough power and data budget. It was determined that full deployment length data storage would require less than 4 Gb of space. Telemetered data for events throughout the deployment was estimated at around 2.5 Mb. Total transfer time at a nominal 600 bps throughput would require approximately 9 hours per year (1 deployment). Since the tank testing still showed significant signal degradation well below our target burial depth, further testing was needed to determine if acoustic telemetry would meet the requirements that had been written. Additionally, we wanted to pursue a solution that didn’t require large ships or ROVs if possible to allow for flexibility and higher frequency of data collection. 
Two tests were conducted to determine if the acoustic modems would meet our requirements. The first test (see Figure 1) transferred data between two modems buried in the wet sediment on the beach. The communications channel was sediment to sediment and the results proved to be much better than what was tested in the tank. Even at 91 meters apart, we could still achieve data rates greater than 10Kbps more than 50% of the time. This test demonstrated that sediment to sediment communication was a viable method for retrieving data from a buried BED. 
[image: image1.emf]
Figure 1.  Results from sediment to sediment acoustic communications test
In the second test (see Figure 2), divers buried an acoustic transducer facing downwards 0.76 m beneath the sediment off of the Santa Cruz wharf. An additional transducer was hung at varying depths beneath the surface of the water and data was transferred from the transducer in the sediment to the transducer in the water. 

[image: image2]
Figure 2.  Setup for sediment to water testing at the Santa Cruz wharf
Results from the modem burial test were positive and showed data throughput at twice our estimates at minimal power (1200 bps at -21dB). We expect even better results in the open ocean. 

The focus of the project then moved to sensor selection and a lab test set. This selection was driven largely by the science requirements of the project with consideration towards power and integration.  Based on its resolution, power consumption and ease of integration, the ADIS16405 (Figure 3) was chosen as the initial sensor for the prototype instrument. Interface design will emphasize flexibility to allow for sensor changes in the future once more in understood about these debris flow events. 
	
	ADIS16365
	ADIS16405
	MicroStrain 3DM-GX1
	Kistler 8330A
	Paine 211-37-520-XX
	Colibrys RS9003.A

	Gyroscope - triaxial
	
	
	
	
	
	

	Dynamic range
	
	
	
	
	
	

	±300°/sec
	0.05 °/sec/LSB
	0.05 °/sec/LSB
	±300 °/sec scale range
	
	
	

	±150°/sec
	0.025 °/sec/LSB
	0.025 °/sec/LSB
	
	
	
	

	±75°/sec
	0.0125 °/sec/LSB
	0.0125 °/sec/LSB
	
	
	
	

	
	
	
	
	
	
	

	Accelerometer
	Triaxial
	Triaxial
	
	Single axis
	
	Single axis

	Dynamic range
	±18 g
	±18 g
	±5 g full scale
	±3 g
	
	±3 g

	Initial sensitivity
	3.33 mg/LSB
	3.33 mg/LSB
	
	1200 mV/g [0.83 g/volt]
	
	

	Resolution
	
	
	
	1.3x10-6 g 1.3x10-5 m/s2
	
	

	Repeatability
	
	
	
	
	
	<800 g

	
	
	
	
	
	
	

	Magnetometer
	
	
	
	
	
	

	Dynamic range
	
	±3.5 gauss
	±1.2 gauss full scale
	
	
	

	Initial sensitivity
	
	0.5 mgauss/LSB
	
	
	
	

	
	
	
	
	
	
	

	Orientation
	
	
	360° all axes
	
	
	

	Resolution
	
	
	<0.1° 
	
	
	

	Accuracy
	
	
	±2.0°
	
	
	

	
	
	
	
	
	
	

	Pressure
	
	
	
	
	0-1500 psi (~900m)
	

	
	
	
	
	
	
	

	ADC bits
	12
	12
	16
	Analog out
	Analog output
	Analog output 0-5 v

	VCC nominal
	5
	5
	5.2-12
	±6 to ±15
	1 – 20 V (10 V nominal)
	5

	Low power mode
	24 mA
	45 mA
	
	
	
	

	Normal mode
	49 mA
	70 mA
	65 mA
	8.5 mA
	
	700 A

	Sleep
	500 A
	600 A
	
	
	
	

	Operating Range °C
	-40° to +85°
	-40° to +85°
	-40° to +70°
	-40°F to +255°F
	
	


Figure 3.  Candidate sensor comparison 
Work continues today on 3D shore side visualization of the data we collect. Initial prototype design discussions have also begun. Shore side visualization is currently using VRML in browsers compliant with the W3C HTML5 standard. This will potentially allows end users to recover and view data from a small boat using a mobile platform. 
One action item brought up at the concept design review suggested investigation of other potential collaborators or solutions for transmitting data through the sediment. Our team has been in touch with Vryhof Anchors, a company based in the Netherlands that produce large anchors and mooring equipment for the offshore energy industry. Vryhof employs the same Teledyne Benthos modems to transmit information about anchor orientation while being buried up to 3 m deep in the sediment. Data rates are 300 bps. Vryhof would like to achieve data transfer from a depth of 10 m beneath the sediment in the future. Based on meetings with Teledyne Benthos’ chief scientist, a new frequency hopping signal scheme available as a firmware update near the end of 2011 will give higher signal to noise ratios for the modems. This should provide better results that what we have previously tested using the frequency shift keying scheme. 
Significant changes from previous project proposal 

none
Publications based on the results of this project only
none
How does it relate/contribute to the Packard Foundation’s Ocean Visions Grantmaking policies? (See http://mww.mbari.org/oed/OED_Documents3.htm#Packard for documents.)
The BEDs project fits well within the Packard Foundation's Ocean Vision as it offers to provide critical measurements that will enable determining how large volumes of material move within Monterey Canyon and other submarine canyons. Most of the organic carbon supplied to the deep sea and many of the pollutants from the land pass through the canyons on their way to the ocean floor. Thus, this information is critical to achieving an ‘enhanced scientific understanding of the functioning of marine ecosystems', which is a highlighted goal of the Packard Foundation.
a) New and Continuing Projects: Plans for 2012
Research Activities
We now plan to develop up to two prototype instruments and deploy them at approximately 100 m depth in the upper canyon where events happen more regularly. Regular data acquisition will be achieved from a small craft and the information gathered will drive design changes presented at the CDR in quarter 4. This design will be implemented in 2013 prior to the field program. 
Engineering/technology development

Technology to measure a 6 degree-of-freedom body within a submarine debris flow will be developed along with a way to visualize the motion from different perspectives and within a frame of reference. 
Field programs (detail ship requirements/deployments/diver requirements)
Engineering tests are planned for 2012 using Moss Landing Marine Lab’s small boats as well as the John Martin. Additionally, our team will collaborate with the mini ROV program (901123) during their sea trials for recovery and/or repositioning of the BED instruments. A field program which will include utilizing BEDs is being planned nominally for the fall of 2013 (see Continental Margins 901023) in which multiple BEDs will be deployed. 
Specific deliverables
1.) Prototype BED
2.) Shore side data interpretation

3.) Functional BED (2)

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

	Milestone Date
	Q1
	Q2
	Q3
	Q4
	
	

	Milestone Description
	Deploy prototype in upper canyon
	Finish shore side data visualization
	Finish integration tests and data collection
	Critical Design Review
	
	

	EE
	180
	80
	160
	80
	
	

	SE
	200
	200
	160
	80
	
	

	ME
	200
	
	180
	80
	
	

	EE Tech
	120
	
	80
	
	
	

	SE Tech
	
	
	
	
	
	

	ME Tech
	160
	
	120
	
	
	

	Machine Shop
	160
	
	40
	
	
	

	Divers
	External subcontract
	
	
	
	
	


Budget justification
	CATEGORY
	COST

	Sensors
	$1,500

	Interface boards and microcomputer interface
	$4,000

	Acoustic modem
	$10,000 

	Mechanical packaging
	$15,000

	Miscellaneous hardware and supplies
	$3,000

	Cables and connectors
	$3,000

	Small Vessels (MLML) and John Martin
	$5600

	Software Licensing for BSD ContactGeo
	$1400


Project team
We propose that the project team comprise Bill Ussler, Alana Sherman, Brian Kieft, Dale Graves, Bob Herlien, Mike McCann, and Charlie Paull. 
Bill Ussler’s time is crucial to the success of the project due to his expertise in submarine debris flow dynamics. His time will be spent on data analysis and ensuring that we are meeting the science and sensing requirements in order to adequately capture a submarine debris flow event. We propose 160 hours of his time be used in this capacity.
We also request Mike McCann’s time for the development of shore side data visualization of the instrument. In 2011 Mike provided the team with a minimal set of tools to begin working on VRML 3D visualization. Since both orientation and position are vital in understanding the dynamics of these debris flows, we feel that this approach is the most powerful in allowing stakeholders to understand what is happening beneath the surface.
Project lab space
We are currently using the West end of the center bench (including shelves, drawers, and bench top) in lab 244. This space or one of similar size is preferred. Most of the team resides in building A so a lab space in that building is preferred as well.  
Data availability outside project team, uniqueness

To our knowledge there are no devices that exist which can measure the movement of submarine sediments down submarine canyons. Development of the BED concept would enable other investigators worldwide to deploy comparable devices to monitor and measure sediment movement down submarine canyons. With a dataset more comprehensive that what can be obtained from Monterey Canyon, a more robust understanding of submarine canyon processes will be obtained. What we learn in Monterey Canyon can be extrapolated to other submarine canyon systems in the world for both the development of second generation monitoring systems and for interpreting observations and data from the canyon systems.

Risk matrix (development and infrastructure projects only)
The most significant risk for this project is accuracy of sensor requirements. Since the data we have on debris flow dynamics is very limited, we expect refinement of sensor requirements after an upper canyon prototype deployment. Requirements risk mitigation is achieved through designed flexibility to allow for easier integration of different sensor suites. Also, additional processing headroom will be designed to allow for the expansion of capabilities or sampling rates as needed. 
	
	Technical Risk
	Organizational Risk
	Tech Transfer Risk
	Labor Estimate Risk

	High
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	Low
	
	X
	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
	
	Open - TBD
	Frederic Py

	Jon Erickson
	Chad Kecy
	 Duane Edgington(2/3)
	Mike Parker
	Jim Montgomery
	
	 
	

	Dale Graves (2/3)
	Denis Klimov
	 Kevin Gomes (2/3)
	Jim Schofield
	Jose Rosal
	
	 
	 

	Andy Hamilton (2/3)
	Paul McGill
	 Kent Headley (2/3)
	
	
	
	 
	 

	Brett Hobson
	Ed Mellinger
	Rich Henthorn 
	
	 
	 
	 
	 

	Bill Kirkwood
	Craig Okuda
	Bob Herlien
	
	 
	 
	 
	 

	Gene Massion
	Alana Sherman
	 Brian Kieft
	
	 
	 
	 
	 

	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
	
	
	
	
	


Appendix A: Draft Functional Requirements Specification

Functional Requirements Specification
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Benthic Event Detection System
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1. Scope
1.1. Acronyms and Abbreviations

AUV– Autonomous Underwater Vehicle 
BED – Benthic Event Detector

ROV – Remotely Operated Vehicle

1.2. Abstract

We propose developing a Benthic Event Detector (BED) to measure the downcanyon movement of the sediments within Monterey Canyon during mass transport events. This project will be structured as a hybrid feasibility-development project whose goal is to determine the feasibility of constructing a self-contained sensor system (the BED) that detects seafloor sediment motion, and to build a prototype unit ideally in the latter half of 2011, if feasibility is adequately demonstrated. The BED will be equipped with a yet-to-be-determined suite of motion sensors (most likely tilt and/or acceleration) and a pressure transducer, and will be buried just below the sediment surface. This unique sensor will aid in evaluating the new hypothesis that sedimentary fill within submarine canyon floors may move downslope as large masses, not primarily in suspension in the water column above the seafloor or as bedload moving over the surface of the seafloor. If it is conclusively demonstrated that substantial subseafloor movements are occurring, this promises to overturn existing paradigms that explain how sediment moves down submarine canyons.

1.3. Summary of Problem

Multibeam mapping of Monterey Canyon has revealed the existence of crescentshaped bedforms in the axial channel extending from the canyon head (~11 m) down to ~1900 m water depth. AUV multibeam mapping surveys of other submarine canyons along the California continental margin show that these features are characteristic of active submarine canyons. The occurrence of these bedforms has captured the attention of the marine geologic community and the origin of these features is already controversial. Our recent efforts to determine the origin of these bedforms have included monitoring the movement of buried homer beacons, repeated AUV-multibeam mapping surveys, and ROV vibracoring in upper Monterey Canyon. Results obtained so far have clearly demonstrated that the bedforms are generated during brief, energetic sediment transport events that occur a few times each year which are capable of moving boulder-sized objects hundreds of meters down-canyon. What actually happens in these sediment transport events is less clear. The initial assumption, which logically extended from the existing paradigm, was that the wave-like bedforms are produced by suspension and redeposition of sediments during high-energy turbidity events. In contrast, our data suggest that large sections of the canyon floor appear to move in a slump-like fashion during these events, somewhat analogous to movement of ice within a glacier. This new model challenges the turbidity current model and forces us to re-interpret old data and assumptions. At issue is whether the sediment transport events are turbidity currents that exhume material from the canyon floor and carry it either suspended in the water column, as bedload over the seafloor before it is redeposited further down canyon, or as down-canyon translations of large coherent segments of the seafloor. The depth to which the bottom movements penetrate is unknown, but sustained translation of the seafloor down-canyon is a potential mechanism for carving the canyon into its host rock. An instrument buried in the seafloor designed to record motion during the down-canyon sediment movement would aid in discriminating between the turbidity current, bedload, or coherent-slab transport models.
2. Requirements
2.1. Functional Requirements Specification

BEDS-0005: The system shall contain a sensor package which can adequately resolve the motion of the BED. 

BEDS-0010: The system shall operate in a water depth up to 500 meters.

BEDS-0015: The system shall store collected data onboard.

BEDS-0020: The system shall timestamp data from a source synced to an absolute time base shared by other assets in Monterey Bay, such as STEDs, McStar, MARS, MBARI buoys, and/or NOAA buoys.

BEDS-0025: The system shall limit clock drift to less than 1 second per year.

BEDS-0026: The system shall operate over a temperature range of -3 to 50 degrees Celsius. [-3°C Arctic water; 50 °C deck temperature)].

BEDS-0028: The system shall be “ruggedized” to withstand shocks associated with transport of TBD g. (currently working with engineering department from avalanche transceiver manufacturer to determine if their specs would be reasonable) 

BEDS-0029: The system shall be “ruggedized” to withstand vibration of TBD g at TBD Hz. to TBD Hz. (currently working with engineering department from avalanche transceiver manufacturer to determine if their specs would be reasonable)
BEDS-0030: The system shall be functional for at least 12 months. (This meets the limitations of ship time. Previous data also suggests that at least one ‘large’ event occurs every 12 months.)

BEDS-0035: The system shall be packaged to have a default density comparable to the top 3m of sediment. (This will keep package from sinking below the depth where data can be retrieved remotely).
BEDS-0037: The system shall be packaged such that its density could be increased to 3 times the default package density so that self-burial can occur (i.e., it can be made more dense). 
BEDS-0038: The system shall be packaged with a physical interface allowing it to be deployed stand alone or attached to a larger deployment apparatus. 

BEDS-0039: The system shall be designed as small as possible to approximate the natural motion of sediment within the canyon floor.
BEDS-0040: The system shall offload its data without excavation or tethered communications device. (Excavation is logistically challenging and any tether would alter dynamics of BED.)

BEDS-0045: The system shall be deployable from an MBARI ROV. 

BEDS-0054: The system shall record orientation with resolution of at least 0.1 degree and at a maximum frequency of 10 Hz.

BEDS-0055: The system shall record acceleration (3 axes) with resolution of at least 0.01 m/s/s and at a maximum frequency of 10 Hz.

BEDS-0057: The system shall record pressure with resolution of at least 0.1 dbar (10 cm) and at a maximum frequency of 10 Hz.
BEDS-0060: The system shall record in-situ temperature with resolution 0.1 degree at a maximum frequency of 10 Hz. [for temperature compensation of sensors].

BEDS-0065: The system shall allow end user to select specific data subsets for offloading.

BEDS-0070: The system shall communicate at any package orientation.

BEDS-0072: The system shall measure and record data at any package orientation.

BEDS-0075: The system shall timestamp data collected during a sediment transport event and store it for offloading at a later date.
BEDS-0080: The system shall include data up to 5 minutes prior to the start of and at least 1 minute after a sediment transport event in the offloadable data set.

BEDS-0085: The system shall detect a sediment transport event using a combination of one or more of the following parameters, their static values, and their rate of change.

· Translation

· Depth

· Orientation

Triggering thresholds, rate of change criteria, and weighting parameters are TBD.

BEDS-0090: The system shall allow parameter values associated with sediment transport event detection to be varied over the deployed communications link.

BEDS-0092: The system shall re-evaluate existing data upon change of a sediment transport event detection parameter.

BEDS-0095: The system shall allow the data sampling rate to be varied over the deployed communications link.

2.2. Design Constraints

2.2.1. Deployment

2.2.2. Cost
3. Interfaces
3.1. Interface X

3.2. Acoustic Interface 

10 m water depth





0.76 m burial depth





Acoustic transducers





Deck boxes








� 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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