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1.  Background:  C&C Technologies Inc. donated 4 days of HUGIN 3000 AUV and ship time to Rice University, and invited representatives from government, industry and academia to participate in a scientific cruise onboard the R/V RIG SUPPORTER in the Gulf of Mexico.  Dr. Manik Talwani, professor at Rice and former Director of Lamont Doherty, served as Principal Investigator.    Representatives from NRL, NAVOCEANO, Minerals Management Service, Rice U., U. of Mississippi, CONOCO Inc., Phoenix Inc., and others attended.  Enclosure (1) is a list of participants.  The cruise ran from Thursday 20 March through Sunday 23 March originating and ending in Port Fourchon, LA.

2.  Objective:  The objective of the experiment was to investigate an area of shallow gas hydrates located approximately 150 miles south of Port Fourchon using high resolution survey sensors on the HUGIN.  Gas hydrates are ice-like combinations of methane and water.  They are a potential energy source, affect seafloor stability, and influence global climate.  The survey area is in the northwest section of Green Canyon on the shelf in 400-m water depth.  

3.  HUGIN 3000 AUV:  The HUGIN AUV is 1-m in diameter, 5.35-m long, has a depth rating of 3000 meters and an endurance of 50 hours at 4 knots.  Typical mission surveys are run for 40 hours.  Sensors include: a SIMRAD EM2000 Multibeam; a Side Scan Sonar; and a chirp subbottom profiler.  Acoustic communications are used to send command and control messages to the AUV and receive data samples back from the vehicle at approximately 3 Kbits/second.  To escape own ship noise the acoustic modems are located in a towfish deployed off the port stern.  Precise AUV navigation is performed using a combination of 3 inputs: a SIMRAD HiPAP USBL acoustic positioning system extended on a 10-m shaft below the ship; a Doppler sonar on the AUV for bottom tracking; and the AUV inertial navigation system.   The AUV team consists of a combination of 12 engineers and technicians.  The operations are modularized into 2-40 foot vans for vehicle launch, recovery and maintenance. Control and processing functions are conducted in a ship lab of about the same square footage.  C&C has surveyed over 25,000 kilometers using the HUGIN, mostly for pipeline surveys over the past 2 years.  The standard “day-rate” for paying customers is $90,000/day.  Enclosure (2) provides a brief list of the AUV specifications, systems and sensors.  

4.  Cruise Summary:  R/V RIG SUPPORTER carrying the HUGIN AUV departed Port Fourchon late Thursday evening and arrived at the operating area around noon on Friday.  The HUGIN was deployed that afternoon, but due to an altimeter problem the AUV hit bottom and traveled an estimated 1800 yards along the bottom.  Filled with mud on the bottom, the AUV was negatively buoyant and would not surface.  M/V HOS INNOVATOR with a recovery ROV arrived on scene late Saturday morning.  ROV operators lifted the AUV off the seafloor and returned with it to the surface.  RIG SUPPORTER recovered the AUV, and C&C personnel repaired, recharged and redeployed the AUV.  Unfortunately the AUV stern plane motor failed and the vessel would not dive.  A normal recovery was attempted; however the nose plate recovery line tangled with the screw and stern section.  The AUV was put undertow until daylight Sunday when it was again recovered.  The stern section was rebuilt; the AUV was reassembled and deployed late Sunday afternoon.  With all systems functioning the AUV successfully surveyed a mud volcano in the northern portion of the Green Canyon area. During the survey real-time data from the multibeam, sidescan, and subbottom profiler were monitored.  Enclosure 3 is a copy of the multibeam bathymetry data taken in the area.  Figure 1 and 2 are copies of sidescan and subbottom profiler data from the same survey line showing the mud volcano.  HUGIN was recovered normally Sunday evening and M/V RIG SUPPORTER returned to Port Fourcheon Monday morning.  See enclosure (4) for the Summary Log. 
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FIGURE 1.

Sidescan data from HUGIN showing mud volcano (survey line 1002)
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FIGURE 2.

HUGIN Subbottom Profiler data of mud volcano (survey line 1002)

5.  Discussion:  My interest in the HUGIN was to investigate its potential to do MCM environmental characterization from an HSV.  The potential is certainly there.  HUGIN surveyed the operational area with multibeam, sidescan and subbottom profiler sensors.  Data coverage and quality was monitored in real-time via an acoustic data link.  Within 3 hours of vessel recovery edited mosaics of full resolution data were completed using corrected navigation data.  The AUV, launch and recovery equipment, and shop spaces are containerized.  C&C has billed over 25,000 kilometers surveyed by the HUGIN 3000.  Although the vehicle failures were atypical, I was glad I got to see them and witness the quick recovery.  In one case the stern section was rebuilt in a matter of hours and the vessel redeployed.  I think the HUGIN could be deployed from the stern of an HSV and used for MCM environmental characterization; however, some AUV modifications would be required. Specifically:

1. Control Electronics Sphere Cooling:  This titanium sphere containing vehicle control electronics is designed to operate in cold water.  A warm water design would be required.  

2. Navigation Accuracy in Autonomous Operations:  Typical HUGIN operations are conducted within 1000 meters of the host vessel to maintain acoustic communications.  HUGIN does have an autonomous mode; however, positioning accuracy is degraded.  C&C is upgrading navigation software during the next month to use an acoustic beacon in a survey area to update navigation in a survey area eliminating the need for the host to hover above it.  This modification needs to be tested and verified.

6.  Figure 3 is a picture of a HUGIN launch, figure 4 is the HUGIN van, figure 5 shows the lab area with a processed chart of the survey area, and figure 6 shows a screen capture of real-time data the operator sees when the AUV is surveying.  I have additional data and pictures.  If you are interested or have a question please contact me.
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Figure 3




Figure 4


      HUGIN Launch                                          Van, HUGIN and Stinger
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Figure 5




Figure 6

         Control and Processing Lab                            Real-time data screen capture 
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