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As part of the Beaufort Gyre Observing System (BGOS; http://www.whoi.edu/ beaufortgyre), four bottom-tethered moorings (which were deployed in 2007) were recovered, data was retrieved from the instruments, refurbished, and three were redeployed at the same locations in August 2008 from the CCGS Louis S. St. Laurent during the JOIS 2008 Expedition.  In addition, five Ice-Tethered Profiler (ITP; http://www.whoi.edu/itp) buoys were deployed, three in combination with SAMS Ice Mass Balance Arrays (SIMBA), one with an Ice Mass Balance (IMB) and two with Arctic Ocean Flux Buoys (AOFB). 
Summary of BGOS 2008 field operations.
	Mooring
	Depth
	2007
	2008
	2008
	2008

	Designation
	(m)
	Location
	Recovery
	Deployment
	Location

	BGOS-A
	3825
	75° 0.203'N
	27-Jul
	29-Jul
	74° 59.998'N

	 
	 
	149° 58.221'W
	15:32 UTC
	20:40 UTC
	150° 0.002'W

	BGOS-B
	3821
	77° 59.153'N
	31-Jul
	1-Aug
	77° 59.859'N

	 
	 
	149° 58.895'W
	16:36 UTC
	18:13 UTC
	150° 4.887'W

	BGOS-C
	3722
	76° 59.063'N
	9-Aug
	
	

	 
	 
	139° 57.222'W
	18:16 UTC
	
	

	BGOS-D
	3515
	74° 0.066'N
	13-Aug
	14-Aug
	73° 59.988'N

	 
	 
	139° 54.677'W
	15:00 UTC
	19:26 UTC
	139° 59.703'W

	ITP21
	
	
	
	3-Aug
	80° 0.6'N

	
	
	
	
	22:30
	150° 5.3'W

	ITP23/AOFB17
	
	
	
	5-Aug
	81° 44.5’ N

	
	00:10
	150° 53.4’ W

	ITP22/SIMBA-C
	
	
	
	6-Aug
	82° 0.5'N

	
	18:10
	140° 3.2'W

	ITP20/AOFB16/
	
	
	
	8-Aug
	77° 59.2'N

	SIMBA-B/IMB29557
	22:45
	139° 56.1'W

	ITP30/SIMBA-A
	
	
	
	12-Aug
	75° 54.6'N

	
	
	
	
	17:00
	140° 36.9'W


Moorings:

The centerpiece of the BGOS program are the moorings which have been maintained at 3 or 4 locations since 2003.  The moorings are designed to acquire long term time series of the physical properties of the ocean for the freshwater and other studies described on the BG webpage.  To keep the moorings safe from the overhead icepack (where ridges can extend down to 30 m or more), the top floats are positioned approximately 45 m below the surface. The instrumentation on the moorings include an Upward Looking Sonar mounted in the top flotation sphere for measuring the draft (or thickness) of the sea ice above the moorings, a vertical profiling CTD and velocity instrument which samples the water column from 55 to 2000 m twice every two days, sediment traps for collecting vertical fluxes of particles, and a Bottom Pressure Recorder mounted on the anchor of the mooring which determines variations in height of the sea surface with a resolution better than 1 mm.  

The moorings are deployed anchor first, rather than top float first (as is typical in lower latitudes), because of the presence of the ice pack.  This requires the use of a dual capstan winch system to safely handle the heavy loads.  Typically it takes around 5 hours to deploy the 3800 m long system.

Recovering the moorings in pack ice is extremely tricky, so that the top float does not surface under an icefloe, where we cannot access it.  However,  in this case, we do have backup floatation at the bottom of the mooring, which we can also recover the moorings from.   First the locations of the moorings have to be pinpointed by triangulating acoustically on the releases at the bottom of the mooring.  Then the Captain of the icebreaker creates a pond in the ice over the mooring, and acoustic release commands are sent to the release instruments just above anchor, which let go of the anchor, so that the floatation on the mooring can bring the system to the surface.  Then the floatation, wire rope, and instruments are hauled back on board.  Data is dumped from the scientific instruments, batteries, sensors, and other hardware are replaced as necessary, and then the systems are subsequently redeployed for another year.

So far, 5 years of data have been acquired by our mooring systems, which document the state of the ocean and ice cover in the BG.  The seasonal and interannual variability of the ice draft, ocean temperature, salinity and velocity, and sea surface height in the deep Canada Basin are being documented and analyzed to discern the changes in the heat and freshwater budgets.   Trends in the data show an increase in freshwater in the upper ocean in the 2000s, some of which can be accounted for by the observed decrease in ice thickness.  However, the results indicate that budget is not balanced, so other mechanisms must also be at work.   

Buoys:


Because the moorings only extend up to about 50 m from the ice surface, we use automated ice-tethered buoys to sample the upper ocean and sea ice.  On this cruise, we deployed 5 Ice-Tethered Profiler buoys (or ITPs), 2 Arctic Ocean Flux Buoys and one US Army CRREL Ice-Mass Balance buoy, along with 4 buoy Scottish Association of Marine Science Ice Mass  Balance Array.  The combination of multiple platforms at one location is called an Ice Based Observatory (IBO).

The ITPs obtain profiles of seawater temperature and salinity from 7 to 760 m twice each day and broadcast that information back by satellite telephone.  The flux buoys measure the fluxes of heat, salt, and momentum at the ice ocean interface, and the ice mass balance buoys measure the variations in ice and snow thickness, and obtain surface meteorological data.  Most of these data are made available in near-real time on the different project websites.

The acquired CTD profile data from ITPs document interesting spatial variations in the major water masses of the Canada Basin, show the double-diffusive thermohaline staircase that lies above the warm, salty Atlantic Layer, measure seasonal surface mixed-layer deepening, and document several mesoscale eddies.  The IBOs that we have deployed on this cruise are part of an international collaboration to distribute a wide array of systems across the Arctic as part of an Arctic Observing Network to provide valuable real-time data for operational needs, to support studies of ocean processes, and to initialize and validate numerical models.   In fact, 6 another ITPs will be deployed in the eastern Arctic during the next month from European vessels.

Operations:

The mooring deployment and recovery operations were conducted from the foredeck using a dual capstan winch as described in WHOI Technical Report 2005-05 (Kemp et al., 2005).  Before each recovery, an hour long precision acoustic survey was performed using an Edgetech 8011A release deck unit connected to the ship’s transducer and MCal software in order to fix the anchor location to within ~10 m.  The mooring top transponder (located beneath the sphere at about 45 m) was also interrogated to locate the top of the mooring, but effective communications with the top transponder were only available for mooring A.  However, at every station the sphere was located by the ship’s 400 khz fish finder, except for mooring D where the yellow float (at 30 m depth) was visible through the clear water.  Only mooring B top sphere did not release into open water, presumably due to enhanced surface currents which presumably carried the package horizontally, so this mooring system was recovered from the tail end of the mooring beginning with the backup flotation.  
All of the mooring recovery and deployment operations were conducted without incident.  The actual recovery operations varied from between 3 and 4.5 hours after release, except for B which took 5.5 hours due to the backup recovery procedure.   The deployment operations normally entailed an hour of deck preparation once on site, followed by a 3 to 5.5 hour anchor first deployment.   Extra instrumentation on mooring A (3 sediment traps) and mooring D (devices clamped to a deep segment of the wire) added time to the operations.
Complete year long data sets with good data were recovered from every ULS, and 3 out of 4 BPRs.  Unfortunately, only 1 out of 5 MMPs contained a complete dataset, while the others operated for only approximately 5, 10, 40, and 80% of the year due to a variety of failures.  Furthermore, the ADCP on Mooring D exhausted its battery after 11 months.
The ITP deployment operations were conducted with the aid of helicopter transport to and from each site according to procedures described in a WHOI Technical Report 2007-05 (Newhall et al., 2007).  ITPs 20, 21, 22, 23 and 30 were deployed on 3.4, 3.3, 3.5, 1.9, and 2.4 m thick ice floes respectively.  Not including the time to reconnaissance, drill and select the ice floes, the deployment operations took between 3.5 and 8 hours each (depending on the number of systems installed in each IBO) including transportation of gear and personnel each way to the site.  Ice analyses and handheld CTD casts were also performed by others in the science party, while the ITP deployment operations took place.  Despite verifying communications with each ITP profiler after deployment, two profilers have yet to communicate with the surface package since deployment.  If the underwater units never send their data to the surface package, then recovery operations will need to be scheduled for next year to retrieve the instruments and manually download whatever information may have been acquired.
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