Demonstration of a long-range autonomous underwater vehicle for rapid response to oil spills in under-ice environments 
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Characterizing oil spills in remote and austere Arctic locations is a daunting challenge to first responders.  Increasing levels of commercial marine activity in high latitudes creates a heightened risk and a spill will likely occur at a location where first response will be a helicopter, and response ships may be weeks behind.  The Arctic Domain Awareness Center (ADAC), a Center of Excellence (COE) under Department of Homeland Security is working with Woods Hole Oceanographic Institution (WHOI) and the Monterey Bay Aquarium Research Institute (MBARI) to adapt MBARI’s Tethys Long Range Autonomous Underwater Vehicle (LRAUV) to support rapid response to incidents of national significance in hard to reach locations for the US Coast Guard.  

Autonomous Underwater Vehicles (AUVs) are strategically equipped with multiple sensor technologies, including cameras and sonar, and can detect oil in the water under sea ice. The LRAUV is a multi-mission capable system that is a helicopter-portable platform.  MBARI originally created the LRAUV Tethys platform specifically to carry biological and chemical payloads for long distances and extended durations. The vehicle is small, about 30 cm (12 inches) in diameter and weighs 104 kg (230 pounds), and requires no special handling equipment. Prior deployments ranged from a few days to over three weeks, and were are routinely conducted without the direct supervision of surface escort vehicles.  A goal of this effort is to extend the remote operations model to ice-covered oceans.

Remote interactions of the vehicle under-ice are enabled by Three acoustic communication and navigation buoys, were developed in a collaboratively effort betweenby WHOI and MBARI.  The bouys to support under-ice and sensing capabilities along with hybrid Arctic navigation and docking buoys suitable to support USCG-led Arctic oil spill response.  The hybrid buoys allow for the vehicle to stay under ice for extended periods acting as a data relay from LRAUV to command control and decision makers using acoustic and satellite communications.  The buoy system also includes ultra-short baseline (USBL) or homing capability for dynamic docking or recovery in an ice hole.  

[bookmark: _GoBack]In June and August 2019, the LRAUV along with its buoy systems were tested in a multi-vehicle exercise in a simulated oil spill response in the naturally occurring oil seeps in near Santa Barbara, CA.  LRAUV was launched and recovered from a pier and swam continuously for up to six days sending back dissolved hydrocarbon heat maps via buoy satellite communications, informing operators and responders where heightened signals were found.  This information was then used to inform other AUVs outfitted with in situ sensing capabilities to rapidly redirect to areas of interest.  The futility of LRAUV to remain underwater without the need for operator handling makes it a desirable platform for under-ice as well as open ocean spills where broadscale mapping is required.  	Comment by Brett Hobson: What would Freud say about this typo.


Test data illustrates that AUV's remain the most mature tool for the search, map, and classification procedures routinely performed in seafloor analysis and similar methodology can be effectively
applied to under-ice anomaly detection. Beyond the need for rapid detection of oil and gas in the
Arctic, LRAUV provides the important utility for small AUV platforms with a variable endurance
range of hours to weeks capable of mapping the seafloor for the purpose of bathymetric surveys and
anomaly detection to include leaking pipelines and infrastructure.

The ADAC LRAUV project creates a rapid response solution to incidents occurring in the maritime environment, and increases situational awareness by characterizing the undersea and under ice conditions of ocean surroundings, autonomously, and capable at great distances from first responders in an Arctic maritime crisis.



