Notes for 2013 Annual Report

In June of 2012 the development of MBARI’s new MiniROV was completed and the vehicle system was packed up and shipped off to Canada to be loaded onto the Canadian Icebreaker Sir Wilfrid Laurier for use in the Arctic Ocean in the fall. This was the culmination of a development cycle that advanced from a concept to a field deployed system with all required core vehicle functions operational in only 18 months. Dale Graves and Alana Sherman were able to accomplish this on time and budget, in part through additional support from Canada and by recycling instruments and ROV components already available at MBARI. 

The MiniROV provides MBARI with a ROV system capable of operating in up to 1 km depths on ships of opportunity. The core vehicle presently includes HD video as well as two auxiliary video cameras, sonar, a CTD, and a multi-purpose tool sled. The core vehicle is designed as a generic platform that can be used for a wide variety of science applications. A science/operations team of just three people is adequate to operate the vehicle and all the components are easily shipped and can even be mobilized at sea. Because the vehicle control system
 on the MiniROV is similar to the ROV Doc Rickett’s, initial testing of control system software can be conducted using the MiniROV in MBARI’s test tank without sending the Western Flyer to sea.

A basic motivation for the MiniROV was to facilitate investigations of the high latitude regions of the oceans. While the Arctic Ocean is commonly acknowledge as being one of the least explored parts of the Earth, ROV’s and other seafloor imaging tools have never been used in more than 100 m water depths within the western Arctic. The relative lack of ROV operations at high latitudes is in part because the ROVs available to the academic science community worldwide are extremely expensive to use, require substantial crews to operate, occupy considerable deck space footprints, and can only be mobilized in major ports; which effectively requires that ROV operations be primary cruise objectives. One of the goals for developing the MiniROV was to fill the opportunity space for a small, easy to operate vehicle that would be practical to use on multidisciplinary expeditions that are the norm for high latitude cruises. 

A more specific motivation for building the miniROV was to continue the science operations initiated during Paull’s group’s prior expeditions to the Arctic with Canadian colleagues. Their goal is to understand the dynamics of the decomposition of sub-surface gas hydrate and permafrost, evaluate whether these are couple with sea level and climate cycles, and determine the potential impacts that decomposition has on the seafloor. During cruises in 2003 and 2010, documentation was obtained that shows that methane is escaping from the mid-shelf and along the shelf edge in the Canadian Beaufort Sea. The venting gas is inferred to be coming from permafrost or deeper gas hydrate deposits that are still warming because the transgression at the end of the last Glacial period flooded the truly cold permafrost areas with this relatively warm Arctic Ocean water. While remote sensing evidence suggested that gas might be venting on the slope in water depths or up to 760 m water depths, these vents were too deep to sample with the available ROV’s. Thus, the goals for the first cruise using the miniROV and the functional requirements for the vehicle were to: use visible and imaging ROV sonar techniques to trace acoustically defined gas plumes to their sea bed source, appraise the character of gas release, image the morphologies related to gas release sites, identify the biological communities associated with the gas release, and to sample the escaping gas.  

The MiniROV’s first science mission occurred in late September and early October when the MBARI team of 3 joined the Sir Wilfrid Laurier in the Canadian Islands, mobilized the ROV and completed 8 dives to a maximum water depth of 780 meters. The vehicle’s only down time was a result of weather conditions. The miniROV successfully completed all the cruise objectives, including the sampling of the gas escaping from the continental slope in the Canadian Artic. These efforts have produced what is arguably the best documentation of gas venting anywhere within the Arctic Ocean proper.
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Figure caption:

Images collected by the miniROV show the process of gas collection in 460 m water depths on the continental slope of the Arctic Ocean. Part A shows methane bubbles emanating from the seafloor being captured in an overturned funnel mounted on the front of the miniROV. At the ambient pressures and temperatures here, individual gaseous methane bubbles become coated with a solid gas hydrate skin. Multiple bubbles are seen in Parts B and C where they collected at the top of the funnel.  The round rod extending through the funnel is a heater that is used to decompose the gas hydrate coated bubbles and a pure gas headspace forms. A sample of this headspace gas is then withdrawn into an evacuated cylinder by opening a solenoid valve controlled by the ROV. This technique provides excellent sample to characterize the gas.

�Maybe better to say control system





