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1) ABSTRACT (new projects only)
The development of acoustic instruments to monitor and track seafloor sediment transport events is proposed. This project will utilize both passive and active acoustic tools specifically to determine what happens immediately preceding, during and immediately after sediment transport events within upper Monterey Canyon.
The proposed acoustic measurements will add critical data currently missing from our understanding of the mechanics of sediment transport events in the Monterey Canyon.  In particular, this approach will develop a more quantitative understanding of the transport events detected by the STEDs deployed in the Canyon and (other ongoing activies???)  The proposed activities develop a suite of tools that will be used to differentiate and characterize a range of sediment transport events from slow, low energy creep events to massive, high energy mass transport events.  
The proposed approach builds on the knowledge gained over the last 8 years of research in the Monterey Canyon about what measurements techniques will survive the sub-annual, high energy events observed to date.  In addition, the approach minimizes the engineering resources required by maximizing the use of commercial-off-the-shelf (COTS) hardware and software currently used by the project team.
2) PROPOSAL
a) The problem addressed (new projects only)

Statement of the problem

The justification for developing an acoustic sediment tracking system stems from the on-going MBARI effort to study the dynamics of sediment movement within Monterey Canyon. Through these efforts we now know that multiple energetic sediment transport events occur at least annually in the upper canyon. The high recurrence rate of these events in upper Monterey Canyon provides a nearly unique opportunity to make direct observations of what happens during these events. However, except for when they have occurred, what has changed as a consequence of the event, and the nature of the deposits they produce, little is still known about the physical conditions that occur during events. Our collective ignorance is because traditional oceanographic equipment is commonly destroyed during these events and if they do survive, their sampling rates are too low to capture much information about the events. Thus, we need new out-of-the-box approaches to document what happens during the events. 
Why it is important

Sediment transport is a fundamental process in shaping the Earth. Sediment movements across continental margins are dominated by episodic energetic events. Commonly these are focused in discrete channels like Monterey Canyon. The presence of the Monterey Canyon will effect or dominate the movements of sediment, pollutants, and organic carbon from the continent into the deep-sea in Monterey Bay, which is MBARI’s primary field area.

Present state of art/understanding

Since 2000, when MBARI commenced on the Canyon Dynamics project, the understanding of the processes that occur within Monterey Canyon have expanded enormously and have been full of surprises. First discovering that the recurrence frequency of significant sediment transport events was sub-annual was unanticipated. More recently huge waves (with wave lengths of ~ 30 to 70 m and amplitudes of 1 to 2 m) developed on the seafloor within the axis of Monterey Canyon. Repeat mapping surveys show that the waves are not stationary, but rather change positions regularly (Smith et al., 2005). We now know that similar sediment waves occur within Monterey Canyon down to at least 1,100 m water depths, within Santa Monica, Mugu, and Carmel Canyons. Apparently such waves are common features on the floor of submarine canyons. The mechanism by which these relatively huge seafloor structures form and migrate is unknown. We propose to use a combination of passive and active acoustic experiments to characterize both the sediment transport events more and more specifically the process by which these seafloor wave are created.

Passive listening
Documenting the acoustic signature of the noise produced during sediment transport events using a wide bandwidth hydrophone system is the initial objective of this proposal. While the details of what happens during these sediment transport events remain unclear, we believe these events will make substantial amounts of noise in a wide range of frequencies which should be easily detected at short ranges (< 1 km). 

The SOSUS arrays provided a number of unexpected benefits for the study of noise making processes in the ocean (e.g., Fox et al., 1995). Many noise-producing events have been noticed in the SOSUS data that are attributed to submarine landslides or turbidity currents (i.e., sediment transport events).  However, independent calibration is needed to about the geometry, volumes and processes associate with particular sediment transport events in order to understand the significance of the noise they produce. The problem with making these correlations include: (1) the SOSUS or other hydroacoustic data array are typically placed on exposed headlands on the continental margins intentionally away from canyon like features where events may occur most frequently, (2) the arrays typically are limited to low frequencies (e.g., <200 Hz; (3) the recurrence interval of sediment transport event in most areas is very low, and (4) it is hard to know what happened during an individual sediment transport event without extensive pre- and post-event survey data. 

Submarine landslides, however, have been shown to produce appreciable amounts of acoustic noise. For example, measurement on the HUGO array off Hawaii monitored 10 events that were attributed to independently documented landslides on the flanks of Kilauea volcano, 50 km from the HUGO site (CaplanAuerback et al., 2001, 2003). “The landslides are characterized by a 30-40 second low frequency rumble followed with a longer-lasting hiss.” (CaplanAuerback et al., 2001).  At HUGO the noise extended up to 2.5 kHz, the upper limit of the recorded data. The same events were also recognized on lower frequency instruments >5,400 km away on the east Pacific Rise. To our knowledge the noise produced by a submarine sediment transport event has never been measured close to the source where its signal would not be blurred by mixing signals that are being produced simultaneously over a wide area or lost due to attenuation. A few simple analogies suggest that even much smaller sediment transport processes produce appreciable amounts of acoustic noise. For example, gravel beaches (Buscmbe and Masselink et al., 2006), desert sands (Sholtz et al., 1997), alpine avalanches (Chritn et al., 1996), and river rapids. 
Data on the acoustic signatures produced during sediment transport events will provide a series of very basic observations about both processes within Monterey Canyon and sediment transport events in general. The rate of onset will provide information on the initiation of the event.  The duration of these events is very poorly known and could pass through the canyon in a few minutes, or could persist fro hours. Whether these events are individual discrete pluses or composed of multiple surges. This data will also be extremely complimentary with the STEDs program. If the passive listening is located near the STED, the acoustic data will provide additional data to confirm the STED’s release was in fact triggers by the passing event.

  Active experiments.

The active acoustic experiments are to discriminate whether the poorly consolidated sand and gravel deposits that fill the axial channel of Monterey Canyon also move down-slope during these episodic events and even creep slowly in the intervening time. Thus, we are proposing the development of a technology to track movements within the canyon floor. The basic concept is to bury an acoustic source within the sediments in the axis of the canyon that are presumed to be moving and to have receivers on the flanks of the canyon which are on stable seafloor. The source – receiver geometry will be set up so that by making repetitive measurement changes in the relative travel times between the source and receivers will track bottom movements. 

Combined Active and Passive Experiments. 


The combination of passive and active measurements will provide additional help in discriminating between hypotheses 2 and 3. In particular this would help determine if the onset of the noise-making event was appreciably before the source moved. If so, the possibility that the bottom was eroded in the initial phase of the event to exposed the source and thus move it across the bottom remains viable.
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How it relates/contributes to MBARI’s mission and strategic plan

This project will focus on developing, adapting, and demonstrating innovative technologies to help resolve previously unsolved problems in oceanography. The dynamics of submarine canyon is explicitly used in the strategic plan as an example of being a phenomenon at the edge of the ocean that need to be understood. This is particularly true if we are to begin to understand what the effects of changing coastal sediment supplies will be. 

b) Approach to the problem (new and continuing projects)

Status of project

This new project proposal builds on last 8 years of upper canyon research and complements the on-going Continental Margins research program. 

Results to date and Publications
Not applicable, this is a new project



Plans for 2008
We are proposing a phased approach for this project.  The initial phases will provide basic scientific understanding of sediment transport events in the Monterey Canyon as well as develop data required to make the detailed design decisions in later phases.  The first phase will develop a generic, high bandwidth, acoustic receiver.  The second phase will develop an active source configured buried for installation below the seafloor and robust enough to survive the high energy events we’ve observed.  This phase will make use of the passive listening system to characterize the acoustic and seismic (?) paths from and below the canyon floor to “safe” locations on the canyon flanks.  The third phase will implement the active sediment tracking receiver.  The data gathered in the first two phases will drive the design of this system although we have assumed a cabled array for our immediate project planning purposes.   The first two phases require a relatively small amount of resources.  We have scheduled the three phases so the decision about how and when to pursue the somewhat more resource intensive third phase can be made before year 2 of the project. 
Engineering/technology development

A illustration of the system is shown in Figure 1.  The system when fully built out consists of a acoustic receiver, an acoustic source, a hydrophone array and an extension cable connecting the receiver and the source.  In the first year, we will deploy the receiver with a single hydrophone for extended durations and test the receiver and source with the source connected to the ROV.  The proposed system builds on hardware and software we have been using for years on various projects. This system uses National instrument data acquision (DAQ) hardware and Labview software.  We chose this system years ago for the task of  rapidly developing complete, high performance data acquisition (DAQ) and control systems for laboratory, shipboard and submerged applications.  We have been using this equipment over the last several years for a variety of high performance shore and ship based  systems.  A particular advantage of the Labview software is that programming is easily accomplished using the Labview graphical programming language, software engineering resources won’t be required for this project.  A particular advantage of this hardware is it’s form factor, thermal characteristics and  shock/vibe performance make it very suitable for packaging in a pressure housing.  We don’t see a specific need for EE support but have requested 5 days for general EE consulting services.  
Developing the hydrophone array needed in Phase 3 of this project can be considered new development.  However, several vendors make these kind of arrays and we expect to procure a suitable array for this project. The array will be deployed with the ROV cable laying toolsled.  Extending the cable lay toolsled functionality to deploy a cabled array of sensors, e.g., hydrophones, geophones, temperature sensors, e ROV cable lay

 Development plan
A work break down structure is presented in Figure 2.

Phase 1: Acoustic receiver

The proposed receiver is essentially identical to the system developed for the acoustic monitoring system used for the marine mammal field verification testing accomplished during the MARS cable installation. The primary modification to the existing system will be adding a long term data logging capability and packaging in a pressure housing.  The Labview graphical programming language running on the DAQ hardware is designed specifically for this application (and many others) and adding this capability will proceed rapidly allowing extensive testing of the system to ensure proper functionality.
Phase 2: Robust, buriable acoustic source

The chirp acoustic source used in the mapping AUV has proven robust and effective.  Luckily, the vendor Edgetech provides the source as a stand alone module configured exactly as we need.  In the first phase of this project we will use the same DAQ hardware and software used in Phase 1 to interface the source to Ventana.  Although we have built systems designed for generating and tracking submarine targets in the past, we have not done so with the proposed DAQ hardware and Labview software.  To minimize risk on this task we have generated a proof of concept prototype acoustic source signal generator using Labview and the DAQ hardware.  The effort took about 4 hours and we can now generate continuous wave (CW) and chirp tone bursts.  In addition this prototype generates phase shift keyed (PSK) and differential phase shift keyed (DPSK) pseudo random noise (PRN) code sequences more suitable for precise tracking applications. 

A second use for this source is in testing the performance of the acoustic receiver.  We can easily program the source to generate a spectrum similar to that observed in other landslide events.  Driving the ROV along the canyon toward the source with the source simulating a landslide will allow the receiver performance to be quantified.

Phase 3. Active tracking system

Moving from phase 2 to a complete active sediment tracking system requires 2 major tasks.  First, phase 1 acoustic receiver must be expanded to support an array of hydrophones.  Because the DAQ system is inherently expandable adding additional channels to support additional hydrophones is easy.  We plan on only logging the received data in-situ, the tracking algorithms will be run on shore using our existing Matlab routines after the data is retrieved.  Second, the source will need to be cabled to the DAQ.  The Labview data logging software from phase 1 and the Labview signal generator from phase 2 need to be integrated so the ping emission time and received data can be time synched, again very straightforward using Labview.
Fairly Obvious Questions (FOQs)

1) Why a cabled array?

Significantly reduced cost and increased reliability and performance can be achieved with a cabled array.  With a cabled array, we only need one pressure housing, and one connector regardless of the number of hydrophones in the array (at least for the array geometries we are considering).  Expensive clocks are not required to keep autonomous hydrophones synched.  A cabled system will have significantly lower parts count, connectors, cables, etc. significantly increasing reliability.  In addition, cable connecting all the components makes locating and recovering the equipment an easier proposition.  Providing cabled connection between the source, receivers and data logging hardware allows ping emission time to be synchronized with receiver time of arrival.  This allows spherical location algorithms to be used instead of less accurate hyperbolic algorithms (based on time difference measurements) in an unsynchronized system.

There are some disadvantages to a cabled array.  If we didn’t have the ROV cable laying toolsled, installation would be difficult.  However, the cable lay toolsled gives us the ability to lay arrays up to ~750m long.  Adding an array laying capability to our existing extension cable laying capability should prove useful in the future.  A cabled array will have somewhat reduced geometry flexibility in rugged terrain but given that our subject area is the canyon, we are generally restricted to linear array geometries of length less than ~500 meters.  We have identified several locations in the canyon suitable for our needs.

2) Won’t you need several PhDs to analyze the data?

No, the PE on this project built the signal processors for the US Navy BSURE and BARSTUR tactical tracking ranges.  We expect to use the same target signals and similar processing algorithms.  On a previous project, the PE developed a complete soup to nuts working submarine acoustic tracking model in Matlab.  This model simulates the performance of tracking a target moving in a user defined array or receivers.  The model allows a variety of tracking signals, array geometries and least squares tracking algorithms to be evaluated at a user specified signal to noise ratio (SNR).

3) Will permitting the cable to the source be a problem?
We don’t think so but readily admit that permitting is always a gamble.  However, until an event energitc enough to separate the extension cable at the weak link occurs, the extension cable will look like every other extension cable we have deployed.  When an event of this type occurs, the effects of the trailing extension cable will be indistinguishable from the effects of the event itself.  It may be possible to add a Benthos float to the source side of the weak link so it will float up when the event occurs acting as a flag for subsequent location and possible recovery of the source.  There is always the fall back that if permitting the extension cable is problematic we remove it from our system and accept the lower accuracy of hyperbolic tracking.
4) How does this project relate to the acoustic tomography project?
We have already spent several hours with Dave and his team discussing the overlaps between our projects.  We both agreed that while there are obvious places where we will collaborate, there are enough differences that keeping the projects separate made sense.  An obvious place for collaboration is the acoustic source.  The tomography project may require a more sophisticated source than we need.  However, the signal generator we have already prototyped is easily adaptable to whatever that project needs.  We will be happy to provide any support they need in this area and if the hardware and Labview software prove useful for their application, we will be happy to help them get up to speed with these tools.






Field programs

In the first year, 2 Ventana dive days are requested to test the source and receiver.  We’d like at least 1 month between dives to allow for lessons learned from the first dive to be incorporated in the second dive.  We are forecasting that 4 dives may be required in the second year to deploy the hydrophone array and source as well as replace batteries and download data from a year long deployment of the acoustic receiver.  

Data (availability outside project team, uniqueness)

   [Click here to enter text]   
Significant changes from previous project proposal (continuing projects only)
NA

c) Specific deliverables (new and continuing projects)

Publications and results and an acoustic monitoring and tracking system

d) Project team (new and continuing projects)
Paull, massion, ussler

e) Project lab space (new and continuing projects)

Use CM space

3) BUDGET JUSTIFICATION (new and continuing projects)
   [Click here to enter text]   
4) 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
	
	
	
	
	
	

	Milestone Description
	
	
	
	
	
	

	EE
	
	
	
	
	
	

	SE
	
	
	
	
	
	

	ME
	
	
	
	
	
	

	Support Engineering

	EE Tech
	
	
	
	
	
	

	SE Tech
	
	
	
	
	
	

	ME Tech
	
	
	
	
	
	

	Machine Shop
	
	
	
	
	
	


References

Fildani, A., Normark, W.R., Kostic, S., and Parker, G., 2006, Channel formation by flow stripping; large-scale scour features along the Monterey east Channel and their relation to sediment waves, Sedimentology, v. 53, p. 1265-1287.

Normark

5) RISK MATRIX (development and infrastructure projects only)

Please carefully read Section 5.2.3 in the instructions for internal proposals for an explanation regarding the risk matrix. This table must be completed for ALL development and infrastructure proposals (new and continuing). The instructions can be found at http://mww.mbari.org/resources/2008_Proposal_Process/Internal-only_Instructions_2008.htm.

	
	Technical Risk
	Organizational Risk
	Tech Transfer Risk
	Labor Estimate Risk

	High
	
	
	
	

	Medium
	
	
	
	

	Low
	
	
	
	


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


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