Figure 4: Multibeam map acquired with Eagle Ray AUV at
30m above the seafloor, showing a wreck, a pock mark and
two fault lines.

III. NOAA /MMS WRECK SURVEYS

NOAA’s Office of Ocean Exploration and Research
collaborating with the Mineral Management Service (MMS)
identified a number of potential shipwrecks in side scan sonar
data acquired from energy company surveys. A few targets were
selected for detailed investigation by the two AUVs. Ultimately,
these shipwrecks were identified as vessels from the 19" and 20™
Centuries.

Eagle Ray’s large size and design features, dictate a
conservative operation procedure to investigate sunken
shipwrecks. The AUV performs initial multibeam surveys of the
target area between 30 and 50m above the bottom. Results are
high-resolution bathymetric maps of the seafloor, showing
potential shipwrecks and any other features on the seafloor which
happen to be in the swath of the multibeam sonar on the AUV's
flight path.

This flight altitude above bottom, resulted in swath width of
approximately 175m, providing an overview of the seafloor.

Once the AUV comes to the surface the Multibeam data are
being downloaded via Radio modem for an “on-the-fly” analysis
of the individual swath lines is performed to establish the exact
location of the wreck and to get a first glimpse on the type of
vessel and the relief of the wreck above the seafloor. During this
time at the surface the Inertial Navigation System (INS) has time
to realign itself using its GPS receiver.

While on the surface, an AUV is more vulnerable to damage
from collision or wave action than while underwater, the
transition from free-floating to ship-coupled motion being the
critical moment in each evolution. Safety of personnel is a key
consideration during launch and recovery operations; high-risk
actions (swimmers, small-boat operations, hoisting of unstayed
objects) are to be minimized. To minimize the risks to the
vehicle during deployment and recovery, the vehicle was left
running at the surface in vicinity to the ship, after the first dive.

Once the target location has been established and the initial
survey determines no large objects protrude into the water
column, ER is sent on a second mission, normally flown at 30m
above the bottom in a much smaller area right above the wreck to
achieve an even higher pixel resolution multibeam map. This
map serves as a guide as to whether Mola Mola can or cannot
dive on that wreck due too high of a relief or other hazardous
objects protruding from the wreck which would compromise the
AUV's safety and return to the surface.

The Mola Mola, a much smaller and slower flying vehicle, is
subsequently launched to take a continuous series of digital color
photographs (Fig 3) in close proximity to the seafloor along a
pre-programmed path. The acquired images are geo-referenced
and, using the attitude information from the Mola Mola’s Inertial
Navigation System, and height of the camera above bottom, can
be imported into a GIS package to produce high resolution color
photo-mosaic maps of the target area (Fig 4).

Figure 5: Wreck survey data from Moa Mola AUV, showing digital image mosaic and Multibeam
bathymetry along the flight path of the AUV.



IV. MASS SPECTROMETER SURVEY OF MC-118

A chemical and bathymetric survey was conducted in June
2009 at the Woolsey Mound, a known gas hydrate site
approximately 900 meters deep in the Gulf of Mexico
Mississippi Canyon 118 block. This survey used the Eagle Ray
AUV equipped with a TETHYS in-situ mass spectrometer and an
EM 2000 multibeam sonar.

Dive operations included high altitude (approximately 30
meters) multibeam survey, followed by low altitude chemical
survey of the southwest crater area. During these deployments
the TETHYS instrument operated autonomously in a selected ion
monitoring mode, simultaneously measuring 14 parameters with
an update frequency of 40 seconds. The high altitude multibeam
survey resulted in approximately 600 discrete samples (8,200
measurements). The low altitude survey was conducted in a
bottom following mode, with the AUV maintaining a constant 6
meter altitude with a velocity of 1.5ms™ producing a very high
resolution bathymetric map of the SW corner of the block (Fig.
6). The track lines were spaced at approximately 10 meters as a
E-W grid measuring approximately 700m long (N-S) and 900m
wide (E-W) [6], recording over 800 discrete samples (11,000
measurements) during the dive mission.

The survey shown in figure 7, shows the concentration
distributions of methane. Methane concentration is calculated as
a relative intensity using the measured m/z 15:17 ratio, as
described in [3], and normalized to a baseline value of 1. The
concentrations encountered at these presumed sources are on the
order of ten times background level with the maximum
concentration probably less than 10 pbb (parts per billion).
Higher levels may be expected during times of higher activity.
At an altitude of only 6m off the bottom the instrument may have
still been within the hydrate stability zone which would also
lower the concentrations of methane in the water.

Figure 6: Multibeam map of the SW corner of the Woolsey
Mound at Mississippi Canyon Block 118.

Figure 7: Contour plot of water column methane
distribution at the MC118 southwest crater area.

V. HUDSON CANYON MAPPING EFFORTS

Hudson Canyon is the largest submarine canyon on the US
Atlantic continental margin. Eagle Ray was part of a
multidisciplinary study in August 2009, focused on the canyon
head from where it begins as an indentation in the outer
continental shelf in a water depth of 100 m, extending seaward
75 km into water depths of 4000 m. The Hudson Shelf Valley, a
185 km long shallow trough on the continental shelf, connects
the Hudson canyon to the mouth of the Hudson River where the
river discharges into New York Harbpr. In the 2009 mapping
efforts, Eagle Ray collected high-resolution bathymetry data on a
number of dives in the head of the canyon, providing a wealth of
new information. Numerous circular depressions, with diameters
from 20 to 400 m [4] and depths of 20m were detected in the
canyon at the base of the walls. Sediment fans with intervening
ravines about 1 km apart extend orthogonal to the canyon axis
down the two walls of the canyon [5]. Work in this very
interesting environment is ongoing and more surveys and are
planned for the coming field seasons.
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Figure 8: Multi Beam Echo Sounder Map of the upper
Hudson Canyon.




VI. CONCLUSION

The Eagle Ray and Mola Mola represent two very different
AUV designs. The features of these designs allow for an easy
selection of the proper vehicle for a given task, and the available
of both at the same time will provide great versatility in survey
abilities. The NIUST AUV shop facilitates the further
development of the two vehicles in the areas of hardware
improvement, sensor addition, and software modification. Being
maintained by the same personnel, both AUVs can be enhanced
in parallel such that they remain compatible with many of the
same support equipment and programming concepts. With each
modification made to the capability of these two vehicles, the
goal is always to increase their reliability and the quality of data
they produce.
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