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Project Title:

Acoustic System for Sediment Tracking 
1) ABSTRACT (new projects only)
The development of acoustic instruments to monitor and track seafloor sediment transport events is proposed. This project will utilize passive acoustics to determine what happens before, during and immediately after the passage of sediment transport events within upper Monterey Canyon. The system consists of an acoustic receiver and an acoustic source that will be used for calibration. Both subsystems use COTS hydrophones, projectors, software and data acquisition and control (DAQ) hardware. The receiver is capable of recording signals from hydrophones with a bandwidth of 5 Hz to 24 kHz. The calibration source uses the same DAQ hardware and can generate continuous wave (CW) tone bursts, frequency modulated (FM) “chirp” sweeps and phase coded pseudo-random noise sequences (used for precise tracking). We are minimizing risk and resource requirements by using the integrated suite of DAQ hardware and Labview software from National Instruments that we have used for years. With this approach, we can develop the source and receiver very quickly allowing thorough testing on the bench and in the test tank.

In the first year we will deploy the receiver to build a database of acoustic signatures from sediment transport events in the Canyon. These data will be calibrated by carrying a chirp source on the ROV Ventana during two dives. These controlled source experiments will allow the receiver performance and geometries to be characterized.
The proposed acoustic measurements builds on the engineering and scientific data and experience gathered over the last 8 years of research in the Monterey Canyon and will add critical data currently missing from our understanding of the mechanics of sediment transport events in the Canyon. In particular, this approach will develop a more quantitative understanding of the transport events detected by the STEDs and other ongoing activities like MOOS. The objective is to develop a suite of tools that will be used to differentiate and characterize a range of sediment transport events from slow, low energy processes to massive, high-energy mass transport events. 

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 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 processes 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). The observed reshaping of the bottom requires the movement of 10’s of thousands of cubic meters of sediment. 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 passive acoustic monitoring to characterize sediment transport events near these seafloor waves and active source deployments near the seafloor to calibrate these data.

Passive listening
Documenting the acoustic signature of the noise produced during sediment transport events using a wide bandwidth hydrophone system is the objective of this proposal. While the details of what happens during these sediment transport events remains unclear, we know that these events will make noise in a wide range of frequencies that should be easily detected at short ranges (< 1 km). However, this topic has never been explicitly addressed because of the lack of proper instrumentation and deployment strategies.

The SOSUS arrays opened the way for the observation and study of natural 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 about the geometry, sediment volumes involved, 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 and other hydroacoustic arrays have been 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. & (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 (Caplan-Auerback et al., 2001, 2003). “The landslides are characterized by a 30-40 second low frequency rumble followed with a longer-lasting hiss.” (Caplan-Auerback 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 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. Acoustic detection of alpine avalanches is now relative standard technique (e.g., Chritn et al., 1996). Even the comparatively modest sediment movements that occur on gravel beaches, desert sands, and river rapids (e.g., Sholtz et al., 1997; Buscmbe and Masselink et al., 2006) make distinct noises in the audible range. Thus, we suspect that the processes that regularly move huge volumes of sediment and reshape the floor of Monterey Canyon will also produce noise and may have a distinct acoustic signature. 
Monterey Canyon – Unique opportunity

Upper Monterey Canyon is a uniquely suited location for conducting passive listening research to understand sediment transport because: (1) Upper Monterey Canyon is one of the few places where sediment transport events are know to occur multiple times per year which largely re-sculpt the bottom over a board area. Thus, we can confidently position our experiments in locations where noise from transport events can be recorded. This also will make it possible to obtaining a library of the acoustic signatures associated with multiple events within a relatively short time period. (2) MBARI has several parallel programs underway that can confirm when events occur within the canyon system. These include the STEDs program, Jim Barry’s long term current meter and sediment trap mooring in the canyons axis in 1,350 m water depths, and the proposed redeployed MOOS mooring on the fan at the base of the upper canyon (~1,850 m). These provide independent confirmation of when events occur. (3) Our repeat mapping program provides data on the magnitude of the bottom change that has occurred. & (4) The upper canyon’s circuitous shape partially isolates it from the rest of the ocean, there-by diminishing the dilution from distant noise sources.  Thus, this also a suitable place to look for the noises that might be associated more regular progressive erosion, like tidal scour.

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 for hours. Whether these events are individual discrete pluses or composed of multiple surges is unknown.  One of our long-term objectives is to go beyond passive listening to sound in the ocean and documenting the time interesting events occur to understanding how this sound is generated and whether sediment transport events have unique signatures. Furthermore, the patterns and evolution of these sound signatures may enable us to learn more about the kinematics of sediment flow down submarine canyons. The challenge is to pullout information (a signal) from what appears to be random acoustic noise and to relate this to physical processes.
Future interests

The primary thrust of this project is developing a passive acoustic measurement system for monitoring sediment transport events in the Monterey Canyon.  We expect to have the system operational by the end of the first year.  Engineering resources in the second year will primarily be focused on helping with data analysis and interpretation and developing adaptive sampling strategies to optimize power and data storage needs.  In subsequent years we will consider active source time series experiments, which was emphasized in the initial abstract for this project. The objective of this would be 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. The question is whether the sediment is moving only over the bottom or the entire unconsolidated sediment fill within the axial channel also moved down slope during events. However, if we decide to go forward with this effort it would be explicitly proposed in subsequent years. 
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 needs 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 Processes research program. 

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

Plans for 2008
We propose to develop a generic, high bandwidth, acoustic receiver configured for deployment on the flanks of the canyon. The site will be selected to be adequately removed from the high energy to be “safe” locations on the canyon flanks (~500 m). In the first year, we will deploy the receiver with a single hydrophone configured both for extended deployments (e.g., 3 months) and for shorter tests of the source -receiver response with the source connected to the ROV. 

The active source will be used to calibrate the passive experiment. Source-receiver tests will be conducted with the receiver positioned on the canyon side and the source carried on the ROV. Thus, the response of the receiver can be verified at different ranges, power levels, and geometries. This becomes increasingly important, as we need to consider whether the arrivals are coming through the water column or the sediments. 
Engineering/technology development

The proposed system builds on hardware and software we have been using for years on various projects and requires a relatively small amount of resources. This system uses the National Instrument data acquisition (DAQ) hardware and Labview software we chose years ago for the task of rapidly developing complete, high performance 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. 

 Development plan

Acoustic receiver

The proposed receiver is nearly 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.  Our current analysis plan is to calculate properly weighted, segmented and averaged power spectral density (PSD) waterfall plots and lofargrams for the entire data record.  The PSDs will be correlated with any events detected by the STEDs and the acoustic signatures around the events analyzed in more detail to better understand the dynamics of these sediment transport events.  We expect to be able to quantify the duration and nature of the events from the acoustic data e.g., was it one continuous rapidly occurring event, a sequence of events of varying intensity spread over a relatively long duration or more likely given the current state of knowledge, a scenario we haven’t considered yet.

Calibration using a controlled acoustic source

The chirp acoustic source used in the mapping AUV has proven robust and effective. Edgetech provides a source as a stand alone module configured exactly as we need. We will use essentially the same DAQ hardware and software used for the receiver to interface the chirp source onto 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.  The source will be mounted on Ventana with power from the vehicle.  Control of the source will be from the Pt. Lobos Control room over the existing Ventana Ethernet channel. 

This source will be used for 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 receiver with the source simulating a landslide will allow the receiver performance to be quantified.
Test program

Both the receiver and the source signal generator can and will be thoroughly tested on the bench.  Both subsystems can and will be completely tested for functionality in the MBARI test tank.  However, quantitative performance measurements are not possible in the limited tank volume and these tests will be done at sea as described above.  Given that we have already built several systems with the proposed COTS hardware and software, the development should go quite rapidly allowing us to spend an adequate amount of time thoroughly testing the system before deployment.

Field programs

In the first year, 3 Ventana dive days are requested to test the source and receiver. We’d like at least 1 month between the first two dives to allow for lessons learned from the first dive to be incorporated in the second dive. The third dive needs to be about 3 months after the second dive to recover the data and redeploy the receiver.  In this first dive we intend to store a nearly continuous acoustic record for the planned 90 day duration.  Our initial power budget and data volume calculations indicate that we will be able to record and store full bandwidth (about 5 Hz to 24 kHz) records on the order of once every second or so.  
In the second year, we plan to field the receiver full time in the second year.  The results of the first years nearly continuous record will allow us to develop a simple adaptive sampling strategy to reduce the cost of batteries, data storage and increase the service interval.  One obvious candidate for an adaptive sampling strategy is to calculate a full bandwidth spectrum averaged over a few seconds and only store the raw data if a) the current spectrum differs from the previous spectrum by a significant amount or b) the average power in a predefined band (most likely the low frequencies) exceeds a certain value. 
Data (availability outside project team, uniqueness)

The data, especially when coupled with the other observations within the canyon will be completely unique.  We expect to publish the results and will make the data available to interested, qualified researchers.
Significant changes from previous project proposal (continuing projects only)
NA

c) Specific deliverables (new and continuing projects)

We will develop and deploy a complete, autonomous high bandwidth acoustic receiver. We will also develop and deploy a wide bandwidth acoustic source capable of generating a wide range of signals. The initial version of the source will be designed for deployment on the Ventana. However, it appears reasonable to design the source so that with minimal modifications the source can be deployed autonomously. We also expect to “deliver” a PDR, CDR and along with science and engineering results and publications

d) Project team (new and continuing projects)
Gene Massion is the principle engineer involved in this development effort and will serve as Project Engineer and Project Manager for this development. Paull and Ussler will provide the science input necessary to define the functional requirements, provide oversight during development and participate in the field program and subsequent data analysis interpretation. After the system is developed and tested, the Continental Margin project will assume responsibility for continued use of these tools. 
e) Project lab space (new and continuing projects)

No new space is needed. However, it is assumed that Continental Margins lab in Building B expansion (or comparable space) will be available.

3) BUDGET JUSTIFICATION (new and continuing projects)
We have already spent several hours with Dave Caress and his team discussing the overlaps between this project and the tomography project (900816). 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. To be conservative, we have included the cost of an acoustic source in our first year budget ($12k). However, depending on what the tomography project’s requirements are, we may be able to share a single source. In fact, the signal generator we have already prototyped may be exactly what the tomography projects needs. We will coordinate with the tomography project to see if our projects can share one source.

Large amounts of primary acoustic data, on the order of 200 GB/3-month deployment, will be recorded by the hydrophone receiver. In consultation with Todd Ruston, we have budgeted $5,000 to help cover the costs of providing 1 TB of backed-up data storage on the IS NetApps machine ‘Tornado’. This storage medium will allow both primary data and derived data products to be readily accessible for signal processing analysis and interpretation. There are an adequate number of Matlab and Signal Processing Toolbox licenses available at MBARI for analysis of the acoustic data.
A work break down structure (WBS) describing the project is shown below.  Please note that the resources have been allocated as if they were available 100% for this project starting January 2, 2008.  We have adjusted the primary milestones to get realistic dates.  However, we will have to adjust the calendar when the actual resource availability is known in order to get realistic dates for the lower level tasks.
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Task Name

Work

Start

Finish

Resource Names

Predecessors

1

Acoustic Sediment Tracking System

75 days

Mon 1/21/08

Thu 12/4/08

2

System Engineering

13 days

Mon 1/21/08

Thu 12/4/08

3

Review lit, refine req'ts review concept

3 days

Mon 1/21/08

Wed 1/23/08

Gene M.

4

Experiment Design and deployment plan

2 days

Mon 1/21/08

Tue 1/22/08

Gene M.

5

EE Consulting

5 days

Mon 1/21/08

Fri 1/25/08

Elec Eng

6

Final report/publication

3 days

Tue 12/2/08

Thu 12/4/08

Gene M.

48FS+20 days

7

Project Management

7 days

Mon 1/21/08

Fri 1/25/08

8

Meetings, minutes, etc

5 days

Mon 1/21/08

Fri 1/25/08

Gene M.

9

Purchasing

2 days

Mon 1/21/08

Tue 1/22/08

Gene M.

10

Receiver

29 days

Mon 1/21/08

Fri 3/14/08

11

Preliminary design

16 days

Mon 1/21/08

Mon 2/11/08

12

Modify pressure housing

3 days

Mon 1/21/08

Wed 1/23/08

Gene M.

13

Write Labview data logger VI

5 days

Thu 1/24/08

Wed 1/30/08

Gene M.

12

14

battery connect circuit

5 days

Thu 1/31/08

Wed 2/6/08

Elec Tech

13

15

Bench test

3 days

Thu 2/7/08

Mon 2/11/08

Gene M.

14

16

Final design

3 days

Wed 2/27/08

Fri 2/29/08

30

17

Implement Design Changes

3 days

Wed 2/27/08

Fri 2/29/08

Gene M.

18

Build, Integrate, Test

10 days

Mon 3/3/08

Fri 3/14/08

Gene M.

16

19

Materials

0 days

Tue 2/12/08

Tue 2/12/08

11

29

Source

19 days

Tue 2/12/08

Wed 3/12/08

30

Preliminary design

11 days

Tue 2/12/08

Tue 2/26/08

11

31

Modify pressure housing

3 days

Tue 2/12/08

Thu 2/14/08

Gene M.

32

Write Labview data logger VI

5 days

Fri 2/15/08

Thu 2/21/08

Gene M.

31

33

Bench test

3 days

Fri 2/22/08

Tue 2/26/08

Gene M.

32

34

Final design

3 days

Mon 3/3/08

Wed 3/5/08

16

35

Implement Design Changes

3 days

Mon 3/3/08

Wed 3/5/08

Gene M.

36

Build, Integrate, Test

5 days

Thu 3/6/08

Wed 3/12/08

Gene M.

34

37

Materials

0 days

Wed 2/27/08

Wed 2/27/08

30

43

PDR

0 days

Wed 3/26/08

Wed 3/26/08

11,30FS+20 days

44

CDR

0 days

Thu 4/24/08

Thu 4/24/08

16,34,43FS+20 days

45

Deployments

7 days

Fri 5/9/08

Mon 11/3/08

46

First test deployment

3 days

Fri 5/9/08

Tue 5/13/08

Gene M.

29FS+20 days,10,44FS+10 days

47

Second test deployment

3 days

Wed 6/25/08

Fri 6/27/08

Gene M.

46FS+30 days

48

Recovery dive

1 day

Mon 11/3/08

Mon 11/3/08

Gene M.

47FS+90 days

December


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
	Feb 27, 2008
	March 12, 2008
	April 24, 2008
	May 13, 2008
	Dec 15, 2008
	

	Milestone Description
	PDR
	Tank Test
	CDR
	Dive 1
	Final Report
	

	EE
	5
	
	
	
	
	5

	SE
	
	
	
	
	
	

	ME
	27
	21
	7
	7
	3
	65

	Support Engineering

	EE Tech
	5
	
	
	
	
	5

	SE Tech
	
	
	
	
	
	

	ME Tech
	
	
	
	
	
	

	Machine Shop
	
	5
	
	2
	
	7
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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
	X
	X
	X
	X








� 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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