MBARI LOCO 2005 Cruise on

 R/V Sproull
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Introduction

The Layered Organization of the Coastal Ocean (LOCO) project began in 2004 under ONR funding. The project is a 5 year research effort designed to study the physical and biological interaction underlying thin layer formation in coastal settings. The first major field campaign of the program took place in August 2005. The PI for the project is Margaret McManus at University of Hawaii.

“Thin Layer” is the generic term used to describe patchy formations of phytoplankton which form dense layers, primarily in shallow (< 100m) environments. The centimeter- to meter-thick layers have densities as great as 1,000 times that of the water around them and can have profound effects on the way light and sound move through the water, and on the littoral settings modern naval forces must operate.

The main goals of the LOCO projects are:

a) Why, where, when, and how do they form and dissipate?

b) Does the layering differ between near shore and offshore environments?

c) What are the biological and optical properties of the layers?

d) Can we create models to predict their occurrence?


2005 LOCO Field Campaign

The 2005 LOCO field campaign occurred in Monterey Bay during August and September of 2005. The campaign focused on study thin layer structures in the northern part of Monterey Bay, CA. A wide array of instrumentation and observation techniques was utilized. Fixed instrumentation included bottom-mounted ADCP’s, bottom-mounted profiling packages, and other moorings. Two primary research vessels (R/V New Horizon and R/V Robert G Sproul, both from SIO) and two support research vessels (R/V Shana Rae of Moss Landing and R/V Paragon from UCSC) provide support for a number of instruments, including an optical LIDAR package, CTD profilers, and a 21” MBARI Dorado AUV. An array of 10 unattended gliders from WHOI occupied 10 transects across the LOCO study area, and two unattended drifters were maintained as well.  Figure 1 thru Figure 3 depict various research activities occurring during the 2005 field campaign.

LOCO brings together researchers from the Naval Air Warfare Center Aircraft Division Patuxent River, Md. (NAVAIR), University of California at Berkeley and at Santa Cruz, University of Hawaii, University of Massachusetts Dartmouth, University of Rhode Island, the Monterey Bay Aquarium Research Institute, Oregon State University, Woods Hole Oceanographic Institution, and BAE Systems. 
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Figure 1 R/V Shana Rae deploying bottom-mounted ADCP
[image: image3.jpg]



Figure 2 Webb Research Glider w/ PI David Fratantoni
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Figure 3 LOCO Science Array

MBARI Operations from R/V Sproul
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Figure 4 R/V Sproul

Operations Overview

MBARI operations were performed from the R/V Sproull, a 145? Foot research vessel maintained by SIO. The primary function of the Sproul was to support operation of a 21” Dorado autonomous underwater vehicle (AUV). The ship also supported vertical profiling and water sampling with a rosette, equipped with a ctd, fluorometer, and transmissometer, as well as deployment and recovery of two autonomous drifter packages equipped to measure conductivity, temperature, and surface PC02. The basic study area is shown in Figure 5.

For the LOCO survey, the AUV was equipped with the following instruments:

a) Dual pumped CTDs (Seabird SBE3/SBE4/SBE5T)

b) Dissolved O2 sensor (Seabird SBE43)

c) Optical Nitrate sensor (MBARI ISUS)

d) Optical Fluorometer/Backscatter (Hobilabs HS2)

e) Bioluminescent Plankton Counter (UCSB Bathyphotometer)

f) In-Situ Particle Size Analyzer (Sequoia  Scientific LISST-100)

The nominal AUV mission was to perform a 36.6 km triangular survey transect while undulating between a depth of 1.5 meters and an altitude of 3 meters, up to a maximum depth of 100m. The AUV surfaced every 30 minutes to update its position using GPS. Nominal survey speed over ground was 3.2 knots (1.6 m/s) , requiring 6.5 hours to perform a single lap of the survey triangle. At this speed, the AUV was able to perform almost 18 hours of operation. Due to the sensitivity of  the bathyphotometer instrument to ambient light, we timed our operations to maximize nighttime surveys. Our typical operation consisted of an evening deployment at ~2000 hours local time, followed by 13 to 18 hours of operation. Recharge and data analysis typically took place during the day, with the next deployment timed for the following evening. Typically, we performed 2 to 2.5 laps of the triangle per day, followed by  4 to 5 hours of recharge and data analysis. 

Although an ORE USBL tracking system was mobilized onto the ship, it was not used during the cruise. The ship steered a parallel track to the AUV’s nominal track, and proceeded to waypoints to await the AUV’s surfacing. When required for other tasks (CTD deployments, drifter recoveries/search, etc), we would dead reckon and estimate surfacing times to rendezvous with the vehicle. This proved to be a highly robust operations technique. Also, the ability to obtain position data over an iridium modem was tested, although the hardware and software to perform this were integrated while at sea, and not considered robust enough to be the primary means of AUV re-location.
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Figure 5 LOCO Study Area with nominal AUV Trackline

Launch and recovery of the AUV was accomplished using a ramp system originally built by MBARI for use on a low freeboard fishing boat/research vessel. The ramp consists of an articulated segment, which is suspended over the water using fixed lines running to an A frame, which is connected to a deck cradle. The vehicle is supported by rollers (adapted from boat trailer rollers). The ship’s crane is use to set a fair lead for a recovery line, which leads from the AUV nose to an air tugger. During recovery, the line is snapped through the AUV nose with a long pole, and the AUV is manually led into the ramp, then tugged aboard. Launch is performed by using the air tugger to pull the AUV onto the articulated section, then lowering it (via the A frame) until the AUV slides out due to gravity. In general, the system worked well; the highest wind we recovered in on this cruise was 15 knots sustained.  
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Figure 6 Crane in Launch Position

Mission Summary

	Mission Name
	Start Date/Time
	End Date/Time

	2005.237.00 to 2005.237.00
	
	

	2005.237.02 to 2005.237.02
	
	

	2005.238.00 to 2005.238.01
	
	

	2005.238.02 to 2005.238.02
	
	

	2005.239.00 to 2005.239.01
	
	

	2005.239.02 to 2005.239.02
	
	

	2005.240.00 to 2005.240.00
	
	

	2005.240.01 to 2005.240.01
	
	

	2005.240.02 to 2005.240.02
	
	

	2005.241.02 to 2005.241.02
	
	

	2005.241.03 to 2005.241.03
	
	

	2005.241.05 to 2005.241.05
	
	

	2005.242.00 to 2005.242.00
	
	

	2005.242.01 to 2005.242.01
	
	

	2005.243.00 to 2005.243.02
	
	

	2005.243.03 to 2005.243.03
	
	

	2005.244.00 to 2005.244.00
	
	

	2005.244.01 to 2005.244.01
	
	


Table 1 AUV Mission Summary

The R/V Sproul arrived in Moss Landing on the morning of August 24. Mobilization occurred during the day. Although some mobilization had occurred prior to the ship’s departure from San Diego, final setup of all electronics and radio equipment for AUV ops occurred in Moss Landing, as well as setup of computer and network gear. The Launch and Recovery ramp also required rigging. The vessel departed Moss Landing at 1600 hours. Our first AUV deployment (mission 2005.237.00) occurred at ~2000 that evening. The final AUV recovery occurred at ~0800 on September 1. During the operation,  18 laps were performed, totaling 660km of survey. The longest continuous run at 3.5 knots was 18 hours, and the longest continuous run of the cruise was 22 hours (performed at 3.0 knots).  

Failures/Malfunctions

Two mission-ending in water failures occurred during the week of operations, requiring recovery of the vehicle. The first failure occurred in the early morning of August 25, when the main vehicle computer crashed at the beginning of  a mission. The vehicle surfaced in an apparently aborted state, and wireless Ethernet contact could not be established with the main computer. After the AUV was recovered, contact could not be established via the shore cable Ethernet connection, and the emergency dropweight had been dropped. After resetting the power, the MVC came back up. The most likely cause for this failure is the computer +5V supply having excessive line drop between the converter and the load.

The second failure occurred when the AUV was deployed from the ship with the battery watchdog timers mistakenly enabled. All three batteries shut down, necessitating recovery of the vehicle.

In addition, the HS2 instrument required cycling of its enable switch after the vehicle was powered up. This was due to the AUV being powered up by enabling the batteries, rather than from an offboard power supply. We are in contact with Hobilabs to resolve this issue.

The only significant maintenance issues occurred with the Bluefin 2kwhr batteries. Cell balance issues with one of the vehicle’s 2kwhr batteries (Battery #179) had been identified prior to the cruise. This problem, as well as terminating missions at 90% to 93% depth of discharge, was the limiting factors on vehicle endurance. Also, one of the batteries (Battery #182) developed a temperature sense failure during mission 2005.243.00. It was subsequently replaced for the final two missions.  The most likely cause of the temperature sense failure is pressure cycling of the battery, which causes the battery to expand and contract, flexing internal harnesses and causing fatigue failures. It should be kept in mind that the vehicle was performing continuous undulations to an average depth of ~30m, and the vehicle was performing hundreds of these undulations every lap. Bluefin has been advised of this failure.  

Cruise Participants

John Ryan (PI, MBARI)

Erich Reinecher (Science Data Processing, MBARI)

Hans Thomas (AUV Ops Lead, MBARI)

Duane Thompson (AUV Ops, MBARI)

Doug Conlin (AUV Ops, MBARI)

Jared Fedor (AUV Ops, SSI)

Daniel Castner (Student Intern, Lawrence University)
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