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1) ABSTRACT (new projects only)
2) PROPOSAL
a) Continuing Projects
Current status of project and results to date

Status of Project


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 mass transport events. 
Early in 2010 the biggest challenge was identified as being the need to communicate with and retrieve data from an instrument buried in sediment. Failure to recover data from a buried BED is the most significant risk for meeting the scientific goals of the project. 

Two potential solutions using modems to communicate with an instrumented BED (i.e., with some combination of a tiltmeter, accelerometer, magnetic compass, and pressure transducer) emerged as high potential design solutions. The decision was made to test modem communication through sand before proceeding with the BED concept design.

A test plan was developed to evaluate communication through sand using either an acoustic modem, or an electromagnetic (EM) modem that operates at megahertz frequencies. The preliminary tests are encouraging.

Plans for the remainder of 2010 involve completion of acoustic modem testing and further testing of an EM modem. If either is identified as the most feasible solution for communications with a buried BED, a concept design will be formulated. In the event that the modems are not deemed viable, other options will be considered.


Accomplishments to Date

Early in 2010 a series of scoping meetings involving most of the named engineers in the 2010 proposal, and other interested parties, were held to identify the key scientific questions to be addressed by a BED and to develop a set of functional requirements and project milestones. The functional requirement and project milestones are included as Appendices A and B.

Four possible approaches to meeting the scientific requirements of the BEDs project were initially identified, as summarized in Table 1.

Table 1: Advantages and disadvantages of potential through-sediment communications or location technologies.

	Technology


	Advantages


	Disadvantages


	Test Procedure



	Acoustic modem
	Commercial off-the-shelf
	Short transmission distance; low bit rate; relatively high power requirement
	Test effect of sand thickness and distance between modem pair in test tank and in the Moss Landing harbor

	EM modem
	Potentially higher bit rate through sediment than an acoustic modem
	Not robust; hoop antennas too large in diameter; repacking possible; not off-the-shelf for this application
	In principle the same as for the acoustic modem; but larger sandbox is needed

	Dispersed miniature pingers
	Many pingers; low cost ($425 each
); risk reduction through multiple units; receivers are in a safe location on the canyon walls
	Compliance with MBNMS removal requirements; provides only position information;
	Simulate deployment with a pinger array scattered on a parking lot

	Pop-up data pod
	
	Physical mechanism to escape from sediments problematic

Also need some mechanism to recover data once pop is the surface.

 
	In-situ only



While the modem options were viewed as conceptually most interesting, the performance of modems in sand was entirely unknown. Modem vendors had no experience with communication through sand. To evaluate the communications options, we made the decision to acquire and test and acoustic modem pair (Benthos ATM-887). The tests were conducted in the MBARI test tank by Sherman and Ussler in June. The tests show some promise for communicating through sand (Figure 1). 
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Figure 1: (A) 50-gallon plastic barrel partially filled with wet sand is shown being lowered into the test tank using the gantry crane. Sand is layered inside the barrel and one element of the acoustic modem pair (B) is placed on the surface of the sand. The transducer is covered entirely with water and is positioned below the test tank water surface to ensure adequate acoustic coupling. The other half of the acoustic pair is suspended below the barrel in a lead-weighted syntactic foam collar on 4 adjustable ropes. This foam collar helps to eliminate stray acoustic ray paths. A small ASCII file (simple ‘abc’, 2.4-kbyte, or 80-kbyte) is transferred through the modem pair to determine the error-free transmission rates as a function of sand thickness and the distance between the acoustic modem pair. A spatial survey of the test tank showed that the quietest part of the test tank (lowest multipath) is within 1 meter of an inner corner.

Error-free transmission rates as a function of sand thickness and the distance between the acoustic modem pair have been determined for no sand, and thicknesses of 1 and 2 feet of sand (Table 2). Error-free is defined as passing a CRC (cyclic redundancy check) that is computed by the Benthos modem software. If one bit is in error, then the CRC test fails. This is a stringent criterion. Further testing of the 2-foot thick layer of sand and a 3-foot thick layer will be completed in the near future. Based on estimated burial depths of concrete monuments deployed in Monterey Canyon (Paull et al., in press), a BED may become buried a meter below the sediment surface over a 1 year period. There are no plans to test sand layers thicker than 1-meter at the present time. Because the MBARI test tank has poor acoustic characteristics and a large number of multipaths are generated during a test, we also plan to test in 2010 the same acoustic modem/sand barrel configuration in the harbor off the MBARI dock using the davit crane. It is likely that there will be less multipath and that this experiment will provide a better determination of the reliability of using an acoustic modem for communicating through sand. The maximum transfer rates obtained for the test tank are probably very conservative estimates of what will be obtained in the field because of the effects of multipath on transmission errors.

Table 2: Preliminary results of the acoustic transmission through sediment experiments

	Sand thickness
	Maximum rate
	File size
	Distance between modem pairs

	0 ft.
	1200 bits/sec
	2.4-kbyte and 80-kbyte
	2 ft.

	1 ft.
	600 bits/sec
	2.4-kbyte
	10 ft.

	1 ft.
	600-800 bits/sec
	2.4-kbyte
	20 ft.

	2 ft.
	300 bits/sec
	simple ‘abc’ test
	10 ft.


A parallel effort to identify a viable communication through sand solution has been lead by Brett Hobson. Electromagnetic (EM) modems are a relatively new technology (e.g., Goh et al., 2009; Al-Shamma’a et al., 2004) and are now commercially available. Brett was able to obtain a modem on loan for testing (WFS Defense Seatooth). When the EM modem was evaluated in the test tank, it was shown that it could transmit through the concrete walls of the tank into the Test Tank conference room. The large diameter of the loop antennas (24” diameter hoops), their fragile construction, and sensitivity to orientation are serious limitations for their use as an off-the-shelf component in an active submarine canyon. This method of communications needs further investigation to determine if smaller loop antennas and more robust packaging are possible, and the thickness of sand through which communications can occur.
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Significant changes from previous project proposal 

The decision was made to invest our time in testing the performance of modems before proceeding to a design. Pre-emption of engineering time allocated to this project in 2010 by new, higher priority tasks has hampered forward progress.

Publications based on the results of this project only
none

b) New and Continuing Projects: Plans for 2011
Research Activities
We now plan to complete the feasibility phase in 2010, and propose to shift the development phase to 2011. There has been no change in scope or goals of the project. In 2011, we would prefer to have one engineer allocated to the project in large, uninterrupted blocks of time, rather than have their time dispersed throughout the year. This person would have the responsibility of moving the project forward, however would work closely with Sherman and Ussler.

Engineering/technology development

We intend to complete in 2011 the design initiated during the feasibility phase of the project in 2010 following the same time-line as outlined in the 2010 project proposal.

Field programs (detail ship requirements/deployments)
Specific deliverables
Deliverables include: (1) a functional instrument, which may be a prototype BED, that can be deployed in late 2011 or in 2012 as part of an integrated canyon sediment transport experiment as outlined in the Continental Margins Project (901023); (2) a data interpretation scheme; and (3) a method for integrating independent data derived from STED and McSTAR deployments, and ROV surveys using the new ROV-mounted high resolution multibeam mapping system.

Milestones
1. Preliminary Design Review – Winter/Spring 2011

2. Critical Design Review – late Spring 2011

3. Construction of prototype BED – Summer 2011

4. Testing and validation of prototype – early Fall 2011

Budget justification
	CATEGORY
	COST

	
	

	Sensors
	$15,000

	Interface boards
	$1,800

	Microcomputer and ADC boards
	$4,000

	Acoustic or EM modem
	$10,000 (acoustic) or $25,000 (EM)

	Mechanical packaging
	$15,000

	Sonardyne Homer Pro
	$8,000

	Miscellaneous hardware and supplies
	$3,000

	Cables and connectors
	$3,000


Project team

We propose that the project team comprise Bill Ussler, Alana Sherman, Brian Kieft, Brett Hobson, and Charlie Paull. Participation of Ussler and Paull will be covered under Continental Margins (901023). We also request a small amount of time for Paul McGill and Craig Okuda to participate in design reviews.

Project lab space
Adequate space exists in the Paull labs and the engineering sandbox for the fabrication and testing of the BED prototype. 

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 recovery of data after a sediment transport event. At the time of writing this proposal an analysis of options was underway, as outlined above. A ‘data recovery risk’ column was added to the risk matrix, with double xx, to indicate the risk relative to the other risk categories. The matrix below reflects our expected level of risk for the development phase of the project.

	
	Technical Risk
	Organizational Risk
	Tech Transfer Risk
	Labor Estimate Risk
	Data Recovery Risk

	High
	
	
	
	x
	xx

	Medium
	x
	x
	
	
	

	Low
	
	
	x
	
	


3) MILESTONES (new and continuing projects)

	
	Milestone 1
	Milestone 2
	Milestone 3
	Milestone 4
	Milestone 5
	Total Resources
 for each resource category for all milestones listed here

	Milestone Date
	February 2011
	April 2011
	July 2011
	September 2011
	
	

	Milestone Description
	Preliminary Design Review
	Critical Design Review
	Construction of Prototype
	Testing and Validation of Prototype
	
	

	EE
	80
	120
	80
	160
	
	440

	SE
	80
	120
	40
	240
	
	480

	ME
	120
	180
	160
	80
	
	540

	EE Tech
	10
	10
	160
	40
	
	220

	SE Tech
	10
	
	
	
	
	10

	ME Tech
	10
	10
	160
	200
	
	380

	Machine Shop
	
	
	160
	40
	
	200


Appendix A: Preliminary Functional Requirements

1. Must contain sensor package which can adequately resolve motion of a BED

2. BEDs must operate to a water depth of 500 m.

3. BEDs must contain a real-time clock and memory to store event data.

4. 
BED recorded time must be synced to an absolute time base shared by STEDs and McSTAR, NOAA buoys, meteorological data, etc.

a. Resolve time to seconds

b. Limit clock drift over one year to 1 sec/year

5. BEDs must be deployable for a period of 24 months.

a. Meets limitations of ship time availability and logistics

b. Previous deployments indicate we should see one or more events within 12 months

6. BEDs package must be a comparable density to the top 5 m.

a. This will keep package from sinking too deep in the sediment to retrieve data

b. Will provide more accurate measure of the sediment movement

7. Must be able to extract data without having to excavate BED

a. Any tether would alter dynamics

b. Digging unit out is logistically very difficult

8. Must be able to communicate with BED through sediment (~1-2m)

a. It is possible a BED will be buried during an event; we still need to extract data

9. BEDs must be deployable with the Doc Ricketts
10. Must be able to range to the BED from a surface ship

11. Must record pressure on a common time base

a. Resolution tbd

12. Must record temperature

a. Resolution (check seabird probe, it has adequate resolution)

13. Must be able to selectively query events to upload

14. Shall develop adequate test plan

15. Must be able to communicate at any package orientation

16. BEDs must be autonomous

a. A cable or tethered float would interfere with the dynamics and is likely to be damaged in an event

Appendix B: Project Milestones

1. Define the scientific requirements - include modeling of data and its interpretation

a. Consider role of ancillary measurements for an integrated experiment using existing technologies - possibly seafloor pressure (wave height), bottom currents, STEDs, and/or concrete monuments

2. Specify the functional requirements

3. Specify the design requirements

4. Prototyping

a. Build up a testbed to identify sensor constraints and packaging characteristics to determine feasibility (resolution; drift; size/shape/ density; interpretation)

5. Design BED instrument

6. Preliminary Design Review

7. Iteration

8. Final BED design

a. prints

b. bill of materials (ready to build)

c. resources estimates

d. test plan

e. acceptance criteria for science handoff

9. Final Design Review

10. Request resources for fabrication
11. Construct BED

12. Laboratory testing of BED (networked and standalone)

13. Determine limitations; understand data

14. Field testing of BED

15. Fine tuning of BED

16. Deploy BED in Monterey Canyon along with a STED and concrete monuments

17. Recover BED

18. Interpret data

19. Evaluate project achievements

20. Write scientific and engineering papers






� 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.





�Probably worth starting with a simpleT statement about the goals of the project.


�Where did this number come from?  Is it a “for example”?  If so perhaps “(e.g., <$500). 


�Suggest that this section may be cut as I as it seems a little extraneous.   If cut, suggest one topic sentence to lead into the next paragraph discussion the test.





�I am not sure that this level of absolute timing is an absolute requirement, but it would be nice.(1sec/year) 
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