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Abstract:

A commercially available small (less than 100-kg) Remotely Operated Vehicle (ROV) was modified to image and sample the marine ecosystem surrounding free-drifting icebergs near the Antarctic Peninsula during three field expeditions in 2005, 2008 and 2009.   Modifications included fitting the vehicle with an accessory tool sled, additional thrusters, flotation and significant changes to internal wiring to support a wide array of sensors and samplers. The ROV was re-configured aboard the R/V Nathanial B. Palmer to perform either general exploration and biological sampling (Bio dives) or water sampling (Chemistry dives).  In-situ sensors and a suction sampler were used for Bio dives while a suction pump and hose were fastened along the full length of the ROV tether to enable continuous water sampling adjacent to each iceberg during Chemistry-dives.  Details of the ROV system are presented along with a discussion of the 18 dives that explored the sides and bottom of six different icebergs during the 2009 field expedition.
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1.0 Introduction


The number of icebergs entering the Southern Ocean from Western Antarctica is increasing (Scambos et al. 2000). As these icebergs move north, they melt and break apart (Silva et al. 2006), (Jansen et al. 2007), (Gladstone, R. M et al. 2001) releasing glacial sediments containing bio-available iron (Raiswell et al. 2008), a nutrient critical to primary production in these iron poor waters (J. H. Martin 1990).  As the icebergs melt and move, they also cause significant vertical mixing (Huppert & Josberger 1980) in the surrounding water column.  In addition, the icebergs offer substrate for algal communities and can serve as floating islands, attracting additional aggregations of plankton, micronekton and macrofauna including seabirds, pinnipeds, fish and cetaceans.  The growing influence of icebergs on the physical, chemical and biological oceanography of the Southern Ocean however has yet to be quantified. 


Measuring the effects of free-drifting iceberg presents several challenges. Water samples and in situ observations must be taken from regions immediately adjacent the iceberg and compared to regions unaffected by the iceberg, up to 90 kms away. Addtionally, sampling water close to icebergs can pose significant dangers to researchers in the form of calving events and resulting waves that can capsize and destroy surface craft. 


Untethered, autonomous underwater vehicles (AUVs) (McPhail et al. 2009), (J.A. Dowdeswell et al. 2008) and tethered remotely operated vehicles  (ROVs) (Raskoff et al. 2010), (Stoker et al. 1995), (Thatje et al. 2008) have been used successfully  around and under stationary ice. This study describes the modification and effective use of an unmanned, Remotely Operated Vehicle (ROV) for sampling water and conducting in-situ observations around and under free-drifting icebergs.


.

2.0 ROV Description


A Deep Ocean Engineering Phantom S2 ROV was used in this study (Figure 1). This 80- kg ROV offered adaptable hard-wired telemetry and an open-frame design.  The Phantom S2 is 61 cm high, 140 cm long and 84 cm wide and is propelled forward by two 375-W thrusters that can provide 333 N of forward thrust.  Vertical (heave) and lateral (sway) thrust requirements share two 188-W thrusters that are mounted at 45° and generate 133 N of vertical thrust.  Most of the system electronics are housed in a rack-mounted control console on the ship, with only the motors, local power supplies and depth and heading circuitry mounted inside the ROV pressure housing.  Each motor, sensor, camera and electronic circuit has dedicated electrical conductors in the umbilical.  The Phantom ROV system’s umbilical was limited to 660-m primarily due to the voltage limits in the control electronics and resistance losses in the umbilical wires. The keel depths of most icebergs around the Antarctic Peninsula were predicted to be less than 200-m (J Dowdeswell & Bamber 2007).  To reach the bottom of the tabular icebergs using only 660-m of tether required the ship to maneuver close to the iceberg.  A 660-m long umbilical was used for the exploration and biological sampling dives (Bio dives) and a second, 330-m long umbilical was used for the water-pumping operations (Chemistry dives). 
2.1 ROV Upgrades
ROV Payload Upgrade Requirements:

· Provide high quality video – (High Definition resolution)

· Capacity for large volume water sampling – (pump 10 liters per minute to shipboard trace metal labs)

· Collect plankton from the water column – (plankton net) 

· Collect attached algae from the ice face – (ice scraper and collection cup)
· Collect discrete water samples on command -  (1-2 liters in 5 seconds)

· Capture multiple filtered samples – (motorized multi-cup sampler)
· Measure salinity/temperature/depth – (CTD)
· Measure chlorophyll – (fluorometer)
· Measure speed through water for transects - (5 cm/s to 100 cm/s range)

· Measure solar irradiance (PAR)
· Safely navigate along and beneath a free drifting iceberg – (imaging sonar)
· Send acoustic location signals even if the umbilical is cut – (battery powered beacons)

· Maintain neutral buoyancy – (add floatation to carry additional payload)

The standard Phantom S-2 ROV did not have suffecient payload to support the upgrades so an accessory tool sled was designed and built that attached to the bottom of the ROV.  The tool sled was constructed of sections of 1.9 cm thick black UHMW plastic plate that was shaped using a water-jet cutter and is shown in Figure 1.  The 30 cm high tool sled provided room to add a second set of 375-W horizontal thrusters that added an additional 333 N of thrust for a total of 666 N of forward thrust.  Two, 10 cm diameter by 91 cm long ABS plastic tubes that were filled with syntactic foam were attached to the top crash frame.  These tubes added an additional 17 kg of buoyancy to support the in-water weight of the additional sensors and samplers.
2.2 Imaging:  The ROV was used to perform horizontal and vertical transects through the water to survey the visible fauna.  The standard ROV camera is a security-type camera whose output signal is amplified for transmission up the 330m or 660m umbilical.  Pre-cruise testing revealed that electrical noise from the thrusters and signal degradation during transmission reduced the image quality to unacceptable levels for identifying pelagic animals.  Alternate solutions were reviewed and discounted including: 1) using a higher resolution camera system which would have required greater bandwidth than could be  supplied by the existing shielded twisted pair telemetry wires and 2) installing a fiber-optic cable taped to the outside of the umbilical. This latter solution was deemed vulnerable to brash ice and abrasion along the surface of the iceberg.   A cost-effective compromise was settled upon that involved replacing the camera with a consumer-grade camcorder (Sony HJDR-HC5).  While normal resolution composite video was viewed in real-time on the surface, high-definition (HD) video (1080 lines of horizontal resolution) was simultaneously recorded on the vehicle. This HD video was then downloaded off the camera and analyzed after the ROV was recovered.  Higher resolution (2304 x 1728 pixels) still images were also captured during the dive when and where appropriate.  The camcorder was controlled from the surface by using an RS-232 serial signal from a topside computer and a serial-to-LANC converter (Addenda Electronics RS/2L).  Signal loss in the 660m long umbilical was compensated by boosting the signal with a video amplifier (DOE VAS-274).  The light for the video camera was provided by two 150-W incandescent lights (Deep Sea Power and Light Multi SeaLite; 2800k, 2100 Lumens, 59°-wide flood reflectors).   To safely navigate alongside the icebergs and re-acquire the ice surface when out of visual range, a mechanical scanning imaging sonar was used (Kongsberg Mesotech 974, 675 kHz sonar).  The sonar was used to maintain a constant stand-off distance from the ice surface at ranges out to 40-m. 
2.3 Sensors: Science sensors were integrated onto the ROV to measure the temperature and salinity of the water, the amount of chlorophyll in the water and how much photosynthetically active radiation was available.  A flow-meter was also integrated to measure the speed of the ROV through the water. The outputs of the fluorometer and PAR sensor were fed into the CTD and recorded as part of the data record using the same time basis.  The sensors are summarized in Table 1.
2.4 Samplers

2.4.1 Bio-dive samplers: In addition to taking in situ measurements during bio-dives, samples were collected for shipboard investigation and archiving.  A metal knife affixed to the plastic crash bar that extended in front of the ROV was used to scrape the ice surface.  Free floating particles were then sucked into a rotary suction sampler and particulates were captured on a mesh filter.  The suction force was driven by a pump (Rule 2000 bilge pump, 24vdc, 7571 lph flow rate) waterproofed by flooding the motor section with a dielectric fluid (3M PF 5080).   The motor housing was pressure compensated using a small silicone rubber diaphragm that equalized the pressure between the oil and the ambient water.  The pump was powered from the ROV’s 240 Vac lighting circuit after conversion to 24 volts Vdc by a torroidal transformer (Hammond 182P12) and full bridge rectifier (KBPC3510 1000v).  The filter cups with 202 µm mesh were positioned between the inlet and pump using a 29 position rotator device powered by another pressure compensated DC brushed motor driving a Geneva mechanism.  The rotation was stopped at the correct position by a Hall-effect sensor that interrupted the motor signal for 2 seconds.  A small video camera with built-in LED lights (Insite Tritech Nova) allowed the operators to confirm alignment of the sample cups.  During transects, a plankton net (0.01m2 net with 220 µm mesh) was mounted in the tool sled to capture particles during transects.


During Bio-dives when the 660-m long umbilical cable was used and the pump and hose to the ship were not available, 1.8 liter water samples were captured in-situ using a large syringe sampler called Gulper (Bird et al. 2007). The spring powered polycarbonate plastic syringe sampler was triggered with a Nitinol-wire actuated pin puller (TiNi Aerospace, P10) packaged in a clear polycarbonate housing filled that was pressure compensated with silicon oil.  
2.4.2 Chemistry-dive samplers:  Analyzing the water chemistry both near and far from the iceberg required much larger volumes (> 10 liters/ min) of water than could be captured in batches and carried back to the ship using the ROV (Shaw, this issue).  Instead, a continuous-flow water pumping system was designed and integrated onto the ROV.  Two pumps, a submersible pump on the ROV and a boost pump aboard the ship, sent water from the ROV up to the ship and through several analytical stations.  Power for the submersible pump was tapped from the 500-W ROV lighting circuit. To compensate for this additional power draw, the wattage of the two ROV lights was decreased from 250 to 150-W each, leaving 200-W for the pump.  A spare thruster motor for the ROV (Bodine series 42A, 250 V, 1/4 hp, 2500 RPM) was modified to drive a diaphragm pump (Flojet 4325 four-chamber positive displacement diaphragm pump).  The diaphragm pump has no exposed metal parts that could contaminate the trace metal analysis.  The output pressure of this pump is limited to about 2.8 bar; therefore, to minimize the pressure drop across the hose running to the surface a large flexible ethyl vinyl acetate tubing (1.91 cm I.D., 2.86 O.D.) was selected.  This tubing was taped to a 330m long umbilical and loaded onto a custom winch fitted with both electrical and fluid-type rotary couplings.  A second diaphragm pump (ARO PD02P Air-operated, non-metallic diaphragm pump) was installed at the winch to compensate for the pressure drop caused by routing this water hose into several labs aboard the ship.
2.5 Telemetry and control:  Additional serial and analog control was needed to support the suite of required sensors and actuators.  A pair of Ethernet routers (Patton 3241) was used to transmit high speed digital data through one of the three shielded twisted pair wire bundles in the umbilical.  A four port RS-232 serial server (Perle IOLAN STS4D) was installed behind the ROV’s router to provide data telemetry for the CTD, speed sensor, camera controller and an 8-port dry-contact relay board (DIY Electronics KIT 108).  The relays were used to toggle the pumps on and off, and to rotate the sample indexer leaving six other relays available for future accessories such as manipulators and cable cutters.  Two power supplies were added to the bottom-side electronics to support the additional sensors and samplers: a 24 Vdc power supply (Vicor V72C24E150B) and a 12 Vdc (Vicor, V72C12E150B).

2.6 Relocation devices: To ensure recovery of the ROV even if the umbilical were severed, the vehicle was fitted with stand-alone, battery-powered relocation devices.  A combined radio beacon and xenon strobe flasher was used to locate the ROV on the surface (Novatech RF-700 C1).  The radio uses a 100-mW transmitter that transmits a 1-kHz FM pulse with a 2 second-on, 4 second-off duty cycle.  The strobe section fires a xenon flash tube (15 candelas) every 1.5 seconds that is visible for 2 nautical miles.  A 9-kHz acoustic beacon (Teledyne Benthos XT-6001) was also fitted to the ROV that could be used to determine range between the ship and the ROV, even if it were to sink to the seafloor (6700 m depth rating).

3.0 Operational Results

The icebergs described here were located over the Powell Basin of the Weddell Sea and ranged from less than 0.5 km in greatest dimension to large tabular bergs greater than 15 km in length. Most of the dives focused on a large tabular iceberg designated C-18a (Figure 2) that had calved from the Ross Ice Shelf in 2002.  Helly et al. (this issue) estimated the size of C-18a at about 35 km by 6 km, with a height above the water line of 20 m and a keel depth of at least 190 m and a surface area of about 250 km2.  All the icebergs studied were drifting, and often rotated as they moved.  Temperature generally decreased in close proximity to an iceberg while salinity increased (Stephenson, this volume).  A typical temperature and salinity profile close to the iceberg (measured during dive #14 near iceberg IA-1) is shown in Figure 3.  The submerged surface of the tabular icebergs investigated here had three distinct underwater features: a sloping shelf near the water’s surface, a vertical side and a horizontal bottom. Subsurface ice on the few smaller icebergs was more complex, sculpted by erosion and exposure to wind and water, melting and re-freezing.  The ice itself is a dynamic and seemingly harsh environment with few organisms living on or immediately adjacent to it. 

The ROV dives conducted under five different icebergs are summarized in Table 2. There were eighteen dives at an average depth of 106 m and a maximum depth of 195 m.  Seven of the dives were Chemistry-dives that focused on collecting water samples and used the 330 m long umbilical with the attached hose.  The remaining 11 dives were for general exploration Bio-dives that used the longer 660 m umbilical.   The ROV was deployed over the starboard side of the R/V Nathanial B. Palmer while it held station about 150 m from the icebergs.  This relatively close standoff distance simplified the ROV tether handling and allowed deeper dives with the relatively short umbilicals.  If conditions allowed, the ROV would transit to the iceberg on the surface, then dive along the face.  Surface floats were attached to the ROV umbilical in the section between the ship and the iceberg.  

All dives were performed during daylight hours and because the water was usually very clear (visibility greater than 30m) the onboard lights were not required in the shallow depths, significantly increasing the viewing range of the ROV camera.  The sheltered, lee side of the icebergs provided the best conditions for diving.  Most of the dives were made near iceberg C-18a which had fairly smooth sides, while the five smaller icebergs explored in Iceberg Alley (along the Antarctic Sound on the eastern side of the Antarctic Peninsula were smaller and the submerged topography was quite variable.  This complex ice presented many hazards to both the ROV and its tether and therefore required extreme vigilance on the part of the pilots and tether handlers.  
3.1 Bio-dives: The biology dives were conducted as general exploration or linear transects.  All organisms observed during the ROV dives were documented and are described by Robison et al. and Kaufmann et al. in this volume.  Scientists viewing the real-time video feed from the ROV commanded the exploratory phase of the biology dives and the pilots navigated the ROV during transects.  A pressure sensor was used to determine vertical position, or depth, and the scanning sonar determined the horizontal stand-off distance from the ice surface.  Vertical transects were performed with the ROV pointed toward the iceberg with the horizontal thrusters controlling orientation and standoff distance and the vertical thrusters driving the ROV slowly up or downward.  During the exploratory dives, all visual anomalies such as diatom tufts, fish, gelatinous zooplankton or interesting ice features were investigated and when possible samples were collected.  Identified marine organisms seen were annotated either in real-time or in post-processing. Each annotation received a GMT time-stamp so that it could be matched with environmental data from the sensors in order to better understand the iceberg ecology. 
3.2 Chemistry-dives: To quantify the levels of dissolved and particulate iron very close to the icebergs, a pump on the ROV was used to transfer water from near the iceberg up to the ship. The water was then filtered into 10-liter samples.  Water was collected at two stations: 12-17 m and 40 m depth.  The pumping rate was 10 l/min and the volume of the hose between the ROV and the shipboard trace-metal lab held about 32 liters of water, so there was a 3.2-minute lag between when water was pumped from the ROV and when it was collected aboard the ship. See Shaw, Lin and Raiswell in this issue for detailed results of the chemical samping.
3.3 Physical ice structure: The most striking feature of the submerged surface of the icebergs was geometric patterning we termed ablation cusps that gave the icebergs the appearance of a giant golf ball (Figure 4).  Josberger & S. Martin 1981 described the formation of similar patterns on ice melting in warm water during laboratory experiments. The formation mechanism of the pattern observed on free-drifting icebergs is unknown.  We postulate that as the iceberg melts, the fresh melt-water, which is less dense than the surrounding water, would be rising towards the water surface along the iceberg face creating a boundary layer and small eddies may be forming that are ablating the ice surface creating cusp features, or ablation cusps.  This boundary layer was not verified.  Ink injection and a heat probe positioned perpendicular against the ice surface could be used in the future to visualize the boundary layer and eddies as well as measure its thermodynamic properties. 

Large vertical channels were observed to cut into the icebergs in some areas (Figure 5).  The formation mechanism of these structures is also unknown.  For these deeply eroded features we postulate that during periods of fast melting, air bubbles are released that quickly rise to the surface and ablate the ice in these deep channels.

Other features of interest were embedded rocks and gravel sediment, deep blue bands, and sharp erosion features.  The sediment was probably deposited during glacial scouring or during grounding events and can be an important contributor of bio-available iron when released into the Southern Ocean (Raiswell et al. 2008).  
4.0 Future Directions 
Working alongside and under free-drifting icebergs is a challenging environment to explore.  The rotation and translation of icebergs created constantly changing currents that often exceeded the station-keeping capabilities of the ROV used for this effort.  When those currents worked to pull the ROV under the iceberg, and the umbilical was at risk of being caught on ice features and presented a significant risk of losing the ROV.  For future missions, knowledge of the motion of the iceberg, and its influence on the currents in the ROV operation’s area should be better understood. 

To further characterize the environment, the addition of sensors to measure dissolved oxygen, nitrate and other nutrients should be added.  A heat probe could investigate flow immediately adjacent to the ice surface and a simple dye injector could be used to visualize flow.  In retrieving these data, a balance needs to be struck such that the ROV remains nimble yet is powerful enough to hold station against currents exceeding 0.5 m/s.  This requires large thruster forces and minimal drag, in every direction: surge, heave, sway, yaw, and possibly even pitch and roll, which are rarely actively controlled on ROVs.  Umbilical management was a significant operational constraint and large consumer of personnel resources.  The large diameter umbilical used by the Phantom ROV added forces to the ROV and shipboard tether handling system from current induced fluid drag and surface-induced friction drag when it was rubbing along the ice surface.  An ROV with a smaller, more flexible umbilical would have reduced these forces.  Longer umbilicals would require higher voltages, multiplexed data signaling fiber optics telemetry but would have allowed the ship to hold station farther from the iceberg, which would have made station-keeping easier.  

4.1 AUVs 
For much of the environmental characterization work, the umbilical could be eliminated completely if an autonomous underwater vehicle (AUV) would have been used.  While this precludes the ability to interactively explore, autonomous systems can carry all of the sensors identified as useful for this study and can be operated independently of the ship.  Perhaps the most powerful capability of an AUV would be to generate a bathymetric map of the submerged part of the iceberg.  The bathymetry map could be explored to determine the most likely habitats for biological systems that could be targeted for ROV investigation.  A camera system on an AUV could be should be capable of imaging the ice surface from distances of 5-10m to identify algae patches.  Navigating an AUV with respect to a free-floating iceberg, that is translating and rotating, present a significant challenge, though the terrain-relative technique Kimball and Rock describe in this issue hold promise of offering a solution to this challenge.  AUVs can be used to provide valuable data that can significantly enhance ROV productivity though are unlikely to replace the interactive exploration and sampling capabilities of remotely operated vehicles. 

5.0 Acknowledgements:
We thank K.L. Smith Jr. for organizing this study that allowed us to explore the beautiful and technically challenging environment surrounding free-drifting icebergs.  We also thank our collaborators and the Raytheon Polar Services support group, the shipboard scientific personnel and crew of the R/VIB Nathaniel B. Palmer.  This work was funded by National Science Foundation grants to K.L. Smith Jr. (ANT-0529815), K.L. Smith Jr. and B. Robison (ANT-0636813) and The David and Lucile Packard Foundation.

References:
[1] Bird, L.E., Sherman, A. & Ryan, J., 2007. Development of an Active, Large Volume, Discrete Seawater Sampler for Autonomous Underwater Vehicles. In Oceans 2007. Oceans 2007.  Vancouver, BC, Canada, pp. 1-5. Available at: http://ieeexplore.ieee.org/lpdocs/epic03/wrapper.htm?arnumber=4449303.

Dowdeswell, J. & Bamber, J., 2007. Keel depths of modern Antarctic icebergs and implications for sea-floor scouring in the geological record. Marine Geology, 243(1-4), pp.120-131.

Dowdeswell, J. et al., 2008. Instruments and Methods<BR>Autonomous underwater vehicles (AUVs) and investigations of the ice–ocean interface in Antarctic and Arctic waters. Journal of Glaciology, 54(187), pp.661-672.

Gladstone, R. M, G. R. Bigg & K. W. Nicholls, 2001. Iceberg trajectory modeling and meltwater injection in the Southern Ocean. J. Geophys. Res., 109(C9), pp.19903-19915.

Huppert, H.E. & Josberger, E.G., 1980. The Melting of Ice in cold Stratified Water. The Journal of Physical Oceanography, 10(6), pp.953-960.

Jansen, D., Schodlok, M. & Rack, W., 2007. Basal melting of A-38B: A physical model constrained by satellite observations. Remote Sensing of Environment, 111(2-3), pp.195-203.

Josberger, E.G. & Martin, S., 1981. A laboratory and theoretical study of the boundary layer
adjacent to a vertical melting ice wall in salt water. Journal of Fluid Mechanics, III, pp.439-473.

Martin, J.H., 1990. Glacial‐interglacial CO change: The Iron Hypothesis. Paleoceanography, 5(1), pp.1-13.

McPhail, S.D. et al., 2009. Exploring beneath the PIG Ice Shelf with the Autosub3 AUV. In OCEANS 2009-EUROPE. OCEANS 2009-EUROPE (OCEANS).  Bremen, Germany, pp. 1-8. Available at: http://ieeexplore.ieee.org/lpdocs/epic03/wrapper.htm?arnumber=5278170.

Raiswell, R. et al., 2008. Bioavailable iron in the Southern Ocean: the significance of the iceberg conveyor belt. Geochemical Transactions, 9(1), p.7.

Raskoff, K. et al., 2010. Jellies under ice: ROV observations from the Arctic 2005 hidden ocean expedition. Deep Sea Research Part II: Topical Studies in Oceanography, 57(1-2), pp.111-126.

Scambos, T.A. et al., 2000. The link between climate warming and break-up of ice shelves in the Antarctic Peninsula. Journal of Glaciology, 46(154), pp.516-530.

Silva, T.A.M., Bigg, G.R. & Nicholls, K.W., 2006. Contribution of giant icebergs to the Southern Ocean freshwater flux. Journal of Geophysical Research, 111(C3). Available at: http://www.agu.org/pubs/crossref/2006/2004JC002843.shtml.

Stoker, C. et al., 1995. Antarctic undersea exploration using a robotic submarine with a telepresence user interface. IEEE Expert, 10(6), pp.14-23.

Thatje, S. et al., 2008. Encounter of lithodid crab Paralomis birsteini on the continental slope off Antarctica, sampled by ROV. Polar Biology, 31(9), pp.1143-1148.



Table 1: List of sensors installed on the ROV in 2009.
	Instrument
	Manufacturer
	Part Number
	Sensor Characteristics

	CTD
	FSI
	MCTD III
	100-ms response thermometer

	Fluorometer
	WETLabs
	ECO FL(RT)D CHL
	470/695 nm, 0.01µ g/l sensitivity; 0.01-125µ g/l range

	PAR
	Biospherical Instruments
	QSP-200L
	

	Flowmeter
	General Oceanics
	2030/2135
	6 cm/s to 100 cm/s range



Table 2: Summary of ROV dives in 2009.
	Dive #
	Date
	Iceberg
	Purpose
	Dur. (hrs)
	Depth (m)
	Notes

	1
	3/10/2009
	C-18a
	Bio 
	2:00
	143
	1.8-l gulper sample collected

	2
	3/11/2009
	C-18a
	Chemistry 
	0:42
	10
	A-frame sheave came loose

	3
	3/13/2009
	C-18a
	Chemistry 
	1:14
	129
	 

	4
	3/17/2009
	C-18a
	Bio 
	2:24
	195
	w/plankton net, gulper, CTDF, PAR

	5
	3/19/2009
	C-18a
	Chemistry  
	3:11
	80
	Gulper at 32m

	6
	3/20/2009
	C-18a
	Bio 
	3:00
	147
	Net, gulper, CTDF, PAR; Sampled zooplankton 3 distances from C18: 0-5m, 10-15m, 30-45m. Vertical profiles standoff at 15 and 40m

	7
	3/23/2009
	C-18a
	Chemistry  
	2:56
	40
	Gulper at 30m, PAR

	8
	3/23/2009
	C-18a
	Bio 
	3:13
	195
	Algae collected gulper at 190m

	9
	3/30/2009
	C-18a
	Bio 
	0:56
	28
	Aborted due to strong current

	10
	3/31/2009
	C-18a
	Bio 
	1:02
	29
	Gulper at 30m, calving and strong current - abort

	11
	3/31/2009
	C-18a
	Chemistry  
	2:01
	40
	Pumped at 2 depths

	12
	4/2/2009
	C-18a
	Bio 
	3:25
	140
	Transect at 15-25m standoff; zooplankton samples

	13
	4/2/2009
	C-18a
	Chemistry  
	2:43
	185
	Algae from 40-164m; fish at 77m & 110m; 

	14
	4/4/2009
	IA-1
	Biology 
	1:46
	127
	Dirty blue ice; fish at 81m; bottom of berg at 125m

	15
	4/5/2009
	IA-2
	Chemistry  
	0:20
	5
	Aborted early due to potential tether snags

	16
	4/6/2009
	IA-3
	Chemistry  
	3:09
	40
	Small dirty berg; shallow and deep pump

	17
	4/6/2009
	IA-4
	Bio 
	2:00
	173
	Descent at 25m stand-off to 125m;bottom at 167m

	18
	4/10/2009
	IA-5
	Bio 
	3:24
	195
	No shelf; many amphipods; bottom at 190m; ice surface,15m and 40m standoff profile


Image Captions:

Figure 1: Picture of the front of the Modified Phantom S2, named IceCube, with labels showing some of the sensors and samplers used to study free-drifting icebergs.

Figure 2: Partial view of the tabular iceberg C-18a investigated by the ROV in 2009.  Photo credit: Rob Sherlock
Figure 3: Temperature profile 1-m from a free-drifting iceberg that shows a sharp thermocline at 70-m depth.  The water temperature, as measured by the FSI CTD mounted at the front of the ROV, is plotted against depth in the left panel.  The middle panel shows the ROV’s depth as a function of time, and the right panel shows the ROV standoff distance from the ice surface as measured by the Mesotech sonar. 

Figure 4: ROV captured image showing the texture of a submerged side of a free-drifting iceberg.  The geometric patterns that resemble sun-cups on ice were referred to as ablation cusps.

Figure 5: ROV captured image showing vertical channels in the side of a free-floating iceberg.

[image: image1.png]Instruments
1.CTD (uCTD, Fsh)
2. Fluorometer (FLNTU, Wetlabs)
3.HD Camcorder (HD-SR12, Sony)
4.2-L discrete water sampler
5.20-position indexing suction sampler
6. Scanning sonar (1071, Mesotech)
7. Continuous water pumping system (not shown)
8.Ice scraper
9. Flow meter (2031H, General Oceanics, Inc.)(not shown)
10. 4-port serial port multiplexer (STS4, Perle)(not shown)
11. High-speed router (3241, Patton Electronics)
12. Custom tool sled
13. Plankton Sample Net
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Figure 5
