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Seaﬂoor massive sulfides (SMS) deposits are typically located
in water deeper than 1,000 meters and in close proximity
to tectonic plate boundaries and submarine volcanic activity.
Commercial exploration of SMS deposits requires mapping the
seafloor at various scales, from regional mapping (greater than
10,000 square kilometers) to detailed prospect delineation (1
to 10 square kilometers). Vessel-based multibeam echosounder
(MBES) surveys are commonly used at the regional scale of
mapping. Follow-up detailed high-resolution mapping has
been done with either ROVs or deep-towed geosurvey plat-
forms.

With the SMS exploration and production industry still in its
early stages, significant opportunities exist to reapply existing
technologies to this new industry. One technology with signif-
icant market benefit and growth potential is AUVs. Nautilus
Minerals (Brisbane, Australia), which holds almost 600,000
square kilometers of exploration tenements granted or under
application, thinks AUV technology can deliver a faster and
improved assessment exploration technique to decrease the
cost and delivery time of prospective seafloor sampling and
drill targets. The company is developing a copper-gold produc-
tion operation at Solwara 1, located in the territorial waters of
Papua New Guinea, and buiiding an exploration pipeline in
the western Pacific.

SMS Exploration Techniques

During the early stages of exploration, vessel-based MBES
systems are used to map large areas of the seafloor, typically
at 25-meter cell size. This enables identification of broad-scale
volcanic and tectonic features associated with SMS mineral-
ization. While this technique is rapid and efficient for surveying
large areas, it does not provide the resolution needed to con-
fidently discriminate the mound features and chimney struc-
tures associated with SMS formation.

In addition to vessel-based MBES operations, CTD sensor
tow-yo operations are undertaken to map plume signatures in
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the water column from active (venting) hydrothermal systems.
This technique involves the deployment of a deep-tow sled be-
hind the survey vessel, which is repeatedly winched in and out
as the vessel steams along a predefined course, so that the sled
acquires a continuous vertical profile of data within the water
column, using CTD, Eh and light-scattering sensors.

Once regional targets have been identified, in order to pro-
ceed to prospect delineation, high-resolution surveys must be
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Slope map - showing chimney fields

(Left) A RESON SeaBat 7125 MBES data mosaic
(50-centimeter resolution) showing SMS chim-
neys over the Fonualei Spreading Center off-
shore Tonga.

(Bottom) A 3D drape of AUV magnetometer
data showing magnetic anomalies associated
with regional structure and possible hydrother-
mal alteration within a caldera.

conducted closer to the seafloor. Historically, this detailed
mapping has included use of deep-tow side scan sonar tech-
nology, which is limited by reduced survey speed (maximum
2 knots), poor positional control of the tow-body due to the
long length of tow cable behind the survey vessel and limita-
tions of tow altitude (100 to 300 meters above the seafloor) re-
quired to avoid collision in predominately rugged volcanic
terrain. The result is limited resolution of typically 1-to-2-meter
cell size.

Another method for detailed seafloor mapping uses ROV
technology. Although ROVs can host numerous geophysical
mapping sensors and are well-suited to ground intervention
and opportunistic sample recovery (geological rock specimens
or hydrothermal chimney fragments), they are an inefficient
means of mapping the seafloor and limited to maximum survey
speeds of 0.5 to 0.7 knots. In addition, ROVs are not well-
suited for continually traversing rugged volcanic terrain, and it
is difficult to sustain long periods of productivity and minimize
equipment breakdown unless two ROVs are utilized.

Despite their limitations, a combination of these techniques
has yielded a high success rate in the discovery of SMS
prospects for Nautilus Minerals on its exploration tenements.

AUV Technology
AUVs could bridge the gap between target generation from
vessel-based MBES acquisition and detailed, prospect-scale
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ROV intervention for SMS exploration. AUVs provide the op-
erational flexibility to survey with a variety of sensor payload
configurations at different scales of resolution, provide higher-
resolution mapping than is possible with conventional deep-
tow technology and offer significant operational productivity
gains over ROVs.

Conducting high-resolution geophysical surveys by AUV
would enable ROVs to be deployed more effectively for other
tasks to which they are better suited, such as selective follow-
up ground truthing, sampling and electromagnetic surveys.

AUV Proof-of-Concept Survey

In November 2011, Nautilus Minerals sponsored a collab-
orative marine science research cruise initiative with the Uni-
versity of Hawaii and the Leibniz Institute of Marine Sciences
at the Christian-Albrechts Universitit zu Kiel (IFM-GEOMAR)
over Nautilus Minerals’ tenements in the northeast Lau Basin,
Tonga. With the RV Kilo Moana from the University of Hawaii
and Office of Naval Research, and GEOMAR'’s Abyss AUV, the
21-day cruise provided an opportunity to undertake a proof-
of-concept evaluation of AUV technology for SMS mapping
applications. The AUV was used for detailed follow-up map-
ping of hydrothermal plume anomalies discovered during an-
other collaborative cruise initiative with the Commonwealth
Scientific and Industrial Research Organisation (CSIRO), Aus-
tralia, using its research vessel MV Southern Surveyor in 2009.
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“Conducting high-resolution geophysical
surveys by AUV would enable ROV
to be deployed for tasks to which
they are better suited.”

The GEOMAR Abyss AUV, a Hydroid
Inc. (Pocasset, Massachusetts) REMUS
6000 depth-rated to 6,000 meters, in-
cluded a dedicated launch and recovery
system and was contained in two stan-
dard 20-foot containers. The primary
mapping payload was either a RESON
A/S (Slangerup, Denmark) SeaBat 7125
400-kilohertz MBES system or EdgeTech
(West Wareham, Massachusetts) 2200
410-kilohertz side scan sonar system. In
addition, this marked the maiden cruise
for a three-axis flux-gate magnetometer
AUV payload built by GEOMAR. Mag-
netometer data was acquired concur-
rently with MBES or side scan sonar
primary payloads, along with CTD and
turbidity data.

The AUV was deployed in fully au-
tonomous mode by laying a two-
transponder long baseline array over
each dive site. Having additional batter-
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ies and long baseline transponders avail-
able on board during the cruise allowed
dive sites to be prepared ahead of the
AUV, and the AUV to be operated in a
continuous cycle, enabling a fast turn-
around time between dives. The support
vessel was able to engage in other activ-
ities while the AUV was surveying, in-
cluding  vessel-based MBES and
magnetometer survey operations, and
camera tow and seafloor sampling activ-
ities.

Results

The AUV mapped a total area of
114.71 square kilometers during the
cruise, achieving 1,199 line kilometers
of survey. Of those 1,199 line kilometers,
1,007 line kilometers of actual data were
recovered, due to some data loss en-
countered on two dives. The AUV un-
dertook surveys 46 percent of the 240.58
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hours total dive time during the cruise,
with only 5 percent time utilization at-
tributed to equipment failure that caused
launch delays. Eighteen percent of oper-
ations time was spent on vessel transits
between dive sites; 27 percent on AUV
dive preparation, launch and recovery,
including long baseline acoustic
transponder deployment and recovery;
and 4 percent on dealing with inclement
weather.

The AUV completed surveys of 10 out
of a planned 14 target areas, constituting
16 dives in total. From the data acquired,
it was possible to map SMS chimney
field targets using MBES and side scan
sonar. The magnetometer data also pro-
vided useful information related to struc-
tural trends and anomalies key to
understanding SMS mineralization for-
mation processes. CTD and turbidity
data provided useful detailed-scale infor-
mation pertaining to the location and
distribution of plumes from active hy-
drothermal sources.

AUV Versus ROV Survey Efficiency

Comparing AUV and ROV survey ef-
ficiencies using historical data from Nau-
tilus Mineral exploration programs over
an equivalent cruise duration shows that
AUVs are at least 5 to 6 times more effi-
cient; a total of 212.54 line kilometers
for ROVs compared to 1,199 line kilo-
meters for AUVs, or 1,007 line kilome-
ters if considering data loss experienced
during the Kilo Moana cruise.

A comparison of area coverage statis-
tics shows nearly double square kilome-
ters of coverage using AUV technology;
an average of 9.4 square kilometers per
AUV dive compared to an average of 4.8
square kilometers covered per ROV dive.
However, it must be noted that this is a
comparison of an AUV traverse line
spacing of 120 meters versus an ROV
traverse line spacing of 200 to 300 me-
ters.

Future survey efficiency improvements
could realistically enable AUV traverse
line spacing to be opened up to 200 to
300 meters to gain greater area coverage
efficiencies over ROV survey as geolog-
ical targeting confidence increases with
ongoing data set familiarity from map-
ping sensors onboard the AUV.

The platform stability and payload
flexibility afforded by AUVs enables 100
percent seafloor coverage with high-res-
olution MBES or side scan sonar to a res-
olution of 50 or 5 centimeters, res-
pectively, which enables much higher



confidence in geological mapping than afforded through the
limited field-of-view from ROV camera footage at wider tra-
verse spacings. In addition, AUVs provide a suitable. means of
addressing the critical resolution gap between target generation
(vessel-based regional-scale mapping) and follow-up target-
testing mapping (ROV-based operations) in the exploration
process.

Conclusions

From the data acquired by the AUV during the proof-of-con-
cept trial, it was possible to map SMS chimney field targets
using MBES and side scan sonar. Subsequent ROV selective
ground-truth survey is planned for late 2012.

The proof-of-concept trial demonstrated that AUVs are a vi-
able technology for SMS exploration, offering better resolution
and productivity than present deep-tow practices and greater
efficiency than ROV mapping. AUV technology will enable
more selective prospect delineation and ROV follow-up map-
ping, and provide significant reduction in the amount of
ground that needs to be covered by ROV.

The results of this trial are part of the ongoing development
of a long-term strategy for a sustainable AUV survey capability
to meet the demands of increased global SMS exploration, as
well as assessing suitable AUV designs and configurations for
SMS exploration needs.
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DIRECTIONAL WAVE AND CURRENT MONITORING

SM-050 WAVE AND CURRENT RADAR,
Microwave Doppler Radar of High Accuracy.

WAVEX,
Wave and Current Extractor for Marine Radars.
Type Approved by DNV.

DIRECTIONAL WAVE AND CURRENT RADARS ARE WELL
SUITED FOR:
e Offshore structures and vessels.
Catamarans and high speed vessels.
Naval and merchant vessels.
Research and service vessels.
Shore installations for ports and coastal stations.

NON-DIRECTIONAL WAVE MONITORING,
AIR GAP AND TIDE GAUGE

SM-048 ALTIMETER AND SM-094 RANGE FINDER,
High Performance Microwave Sensors.

NON-DIRECTIONAL MIROS RANGE FINDERS FEATURE:

e Wave profile and air gap from vessels and offshore structures.

Sea level and tide measurements, water level in ports and canals etc.
Bridge clearance monitoring.

10, 20, 50 and 85 meter range.

No influence by fog, rain or water spray.

OIL SPILL DETECTION

OIL SPILL DETECTION BY X-BAND RADARS,
A New System Based on Processing of Radar images.

MAIN FEATURES:

Early detection of oil spills.

Enables 24 hours a day skimmer operations.

Prediction of oil spill drift.

Flexible user interface.

Add-on to the Wavex system, providing additional sea state information.

AREAS OF USE:
e Stand-by and oil recovery vessels participating in clean up operations.
e Coast guard vessels for oil spill monitoring.
e Oils rigs, FPSOs and tankers for oil spill monitoring.
e Oil terminals and refineries for oil spill monitoring in the terminal area.

Developed in cooperation with NOFO
- Norwegian Clean Seas Association
for Operating Companies

XA MIROS

Solbraveien 20, NO-1383 Asker, Norway
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