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Overview

The primary objective of Cruise HY-01-03 was to prepare for the Atlantic Tracking Layer Experiment (ALTEX) AUV mission, in which an AUV is used to achieve a 1000 km + oceanographic transect of the Atlantic intrusion in the Arctic basin.  The AUV has been under development since 1999, and this was its first Arctic deployment.  Goals included:

· Operate the AUV from the USCGC Healy in the ice pack

· Demonstrate inertial navigation system performance, including under-ice tracking.

· Obtain oceanographic sections with the AUV

· Obtain ice draft measurements with an AUV born sonar

· Test of the data-buoy system

A CTD component was incorporated into the cruise both to provide a ground truth for AUV observations and to obtain a significant data set characterizing the Atlantic Layer.  Such CTD observations provided a natural complement to AUV tests, as they could be undertaken when circumstances precluded such operations.  

A second cruise party was lead by Dr. Son Nghiem of JPL.  This group objectives revolved around obtaining measurements of various types of ice to ground truth satellite-based sensing techniques.  As the investigations of both cruise parties developed, linkages between rates of ice growth and depth of the Atlantic Layer were observed, leading to an unforeseen intersection of interest.

From an operational perspective, timing of the cruise was not ideal for AUV operations in the Arctic.  Diminishing light and temperatures imposed severe restrictions on operations as the cruise progressed.  However, by organizing activities to ensure that those which required light and moderate temperatures were satisfied early, we were able to use the ship time highly productively.

Cruise Description

The cruise departed Tromso, Norway on October 7th.  Before proceeding north, the AUV and supporting systems were tested in a Fjord near Tromso.  On the evening of the 8th, we steamed north, passing just east of Spitzbergen, pausing to conduct AUV operations enroute.  On the 11th we started a CTD section along 30 E, finishing just above 81 N.  

In general, AUV operations in the ice were considered top priority for the early part of the cruise.

Preparations for this cruise were effected by the events of September 11th.  Equipment pick-up for shipping was delayed by cancellation of domestic flights.  Increased sensitivity to shipment of hazardous materials nearly prevented delivery of several items.  While equipment all arrived in time for the cruise, preparatory testing of the vehicle and equipment in Tromso was effectively precluded.

AUV Mission Summary:

The AUV was operated in two configurations of the four vehicle sections that were brought on the cruise.  Those sections were:  

· Forward Section:  science payload section with two SeaBird CTDs, an optical backscatter sensor, Ken Johnson’s nitrate sensor, an oxygen sensor, and an Ice Profiling Sonar (IPS).  A more complete description of the science payload is found in Appendix B.

· Center Section 1:  battery and navigation section with 3.3 kWhr silver-zinc batteries, the Kerfott SeaDevil navigation system, and the Octans north-seeking gyro.

· Center Section 2:  buoy launcher section.

· Tail Section:  contains the propulsion system, main vehicle computer, and other essential vehicle systems.

Other changes which were made to the vehicle include:

The IPS was removed for operations deeper than 100 m (i.e. missions on October 24) since the system is designed for shallow use only.  The IPS was replaced by a Datasonics echosounder encased in plastic, designed to have the same size and weight as the IPS.

The Sea Devil navigation system was originally configured with the DVL pointing downwards for tracking the seafloor.  This was changed to an upward-looking configuration for much of the cruise so as to be configured for ice tracking.

Buoyancy was added or removed from the vehicle to achieve proper trim and buoyancy for the various configurations.

The two 

	Date

October 8:

October 10:

October 13:  

October 16:  

October 17:  

October 18:  

October 19:        

October 23:  

October 24:

October 25

November 4:    
	
	Activity

Tests and operational shake-down in Fjord near Tromso.

Tests of modification & revised procedure – enroute to ice.

High latitude navigation system tests.

First under-ice operations – test of ice sonar.

Second under-ice operations – test of ice sonar.

Tests in marginal ice zone of vehicle with long vehicle.

Second round of operations with long vehicle – tests cut short for weather.

Buoy launcher tests.

CTD sections with AUV

AUV ops under ice.

Buoy launcher tests.  IPS calibration under ship.


Navigation System Performance

Three in-vehicle navigation systems were operated in the Arctic:  a Kerfott Sea Devil combined INS/DVL, an Octans north-seeking gyro, and a CrossBow AHRS with magnetic compass.  A fourth system was brought on the cruise, but due to a late delivery date, was not integrated into the vehicle.

Heading - Comparative in-water

Estimate from tracking…(Tracking alignment errors?)

Kerfott vs Octans vs Crossbow

(Kerfott, Octans, Crossbow, Tracking/ship gyro/Ashtech)

DVL Performance Data Set

Estimate from tracking….(Tracking alignment errors?)

Residuals from inertial & DVL velocity

(Kerfott INS, DVL)

Navigation Performance Data Set

Shipboard data set

(Kerfott, LN-250, ship Ashtech, ship gyro)

Oceanographic Sections - AUV

(Ned/JGB)

Oxygen Titration (Amy)
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Ice Draft Measurement

Operations to test the ice profiling system were 
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To document surface ice conditions, Todd takes a panorama of shots every so often, then takes a photograph of the radar.  Not particularly quantitative, but at least it will give some idea of conditions.  He takes the shots from aloft con (the ice conning station).  Appendix B has an index of his photographs.

October 16th:  First AUV runs under ice.  Plan is to enlarge a lead with the ship, park into the ice on the downwind edge, launch the small boat and the AUV, and run missions from the lead out under the ice.  Skies are overcast, although visibility good.  Unfortunately, it turns out that the IPS was not turned on for the missions.  However, the lead is definitely closing up, so no ability to more runs. 

October 17th:  Second day of vehicle runs under ice.  IPS fails on first run, in initialization.  We modify the mission to run at zero speed for the first 30 second, which should allow us to confirm that the ice sonar is started before the mission runs.  Second run is from just aft of the ship, and is programmed to run along the vehicle’s course.  Launch goes very well.  Tracking is pretty lousy, but what hits we get show the vehicle coming very close to going right under the ship – probably passes on the port side on the way out, and pass very near on the starboard side on the way back.  Probably within 10m of the ship.  Looks like it runs about 600m ahead of us into the ice.

Data Buoy Section Summary:


The buoy section and buoys were included in the test plan for the cruise. A total of 6 buoys were brought along with an additional three test buoys or “dummies”. The launcher section is a 66 inch long mid-body positioned behind the science payload nose and in front of the battery / power mid-body section. The following tests were attempted with the results as listed:  

· Launcher installation and communications with vehicle


Successful, vehicle sections joined as designed and connections mated as per specified. No anomalies noted, however in water ballast checking showed the vehicle to be nose down more than had previously been seen. This was attributed to the addition of the Kearfott navigation system (a new integration never done with the buoy section prior). 

· Dynamic control with the section in place


Successful, after re-ballasting and additional flotation added to vehicle nose section. The initial tests showed the vehicle to be unstable in pitch, it is suspected that vehicle length increases are accompanied by greater sensitivity to CG-CB separation. 

· Launcher communications with vehicle main computer and data transfer


Launcher failed during at sea testing. Later analysis showed the communications coil was defective. Due to weather and ship schedules a second test was unable to be performed with the vehicle deployed at sea. Several tests were conducted on board ship and lab tests were successful with the implemented fixes. Additional testing of the  launcher section was conducted by weighting it down and lowering it to 15meters. The launcher performed several test missions without failure in this manner over an hour plus time period.  

· Launch of a buoy from the vehicle


Failed due to the previously mentioned communications problems in the launcher. The buoy was never located in the launcher and given the launch command while installed as part of the vehicle. Due to schedule and weather the test was not able to be completed during the balance of the cruise. Further test are being planned at MBARI in the Monterey Bay to verify the solutions implemented on the cruise.

· Acceptance of data from launcher


Successful within the vehicle on deck, launcher was able to take data form the main vehicle computer and properly transfer it to the selected buoy. This test is not considered complete until the launcher accepts data from the vehicle at depth, the buoy receives it, the buoy deploys as it should, and establishes ARGOS contact with the successful transfer of the file originally communicated. The launch computer did receive data at depth but we have not verified that it forwarded the data correctly at depth. 

· Launch of designated buoy from launcher


Failed, buoy testing was unable to be completed due to weather and previous failures had been corrected. This test will be completed at MBARI in the Monterey Bay upon the vehicle and launcher section return from the cruise. 

· Buoy operational timing 


Successful, on deck and at sea operations show the buoy internal mechanisms to be predictable and to initiate functions as programmed. All four buoys tested for this functionality performed as specified. 

· Buoy deployment of weight, flotation ejection, burn through ice, antennae


Mixed results, buoy expands and ejects flotation successfully. Three buoy attempts failed to burn through the ice, analysis showed it to be a bad lot of Pyrosolve-Z with the safety oil (water misible oil) suspected as preventing the proper initiation of burning. All buoys tested and allowed to deploy buoy did establish communications, one balloon of three deflated after a short time. 

· GPS acquired, ARGOS communications satellite link, and battery verification


Mixed results, the first unit failed after 2.5 hours of communications. After analysis the SSI software engineer made software modifications to correct the time related failure. The second communications test communicated for a few days, however the amount of data received led the engineer to suspect battery failure. Further investigation and a report are pending on this topic. No GPS was acquired or reported from any buoy. Further testing of communications and GPS issue are being planned at MBARI upon return of the vehicle system. 

· Demonstration of multi-day survival of a buoy on an ice floe


Buoy communications testing still underway with two buoys. One (previously mentioned) had the balloon deflate which was corrected by using a wooden support rod prior to leaving. Test results are still pending further analysis back at SSI as data received. 

	Date

October 8:

October 14:

October 17:  

October 18:  

October 19:  

October 23:  

October 24:        

October 25:  

October 26:

October 28: 

October 29:

October 30:   

November 2:
	
	Activity

Tests and operational shake-down in Fjord near Tromso.

Deck testing of Buoy Launcher and new launcher test utility.

Full ALTEX AUV configuration ballasted with buoys in place.

Dynamic control testing with launcher section in place.

Re-ballasting of AUV with buoy launcher in place.

Open water buoy launch and launcher section testing.

Lab testing of buoys and launcher separate from vehicle.

Re-integration and test of buoy section with vehicle.

ROV launch of buoy in ice.

ROV launch of additional ice buoy for ARGOS testing.

ROV launch of additional ice buoy for ARGOS testing.

Manual placement of buoy for ARGOS testing.

ROV launch of additional ice buoy / manual placement 


Operational Overview:  AUVs

We run this using the system we evolved in the prior few operations.  I am on the bridge communicating with the bridge crew and the lookout team (Mike Pinto, Rich Henthorn, and Ned Cokelet).  Farley and DJ are in the small boat.  Drew, Hans, Sib, and Bill are in the main lab where the surface computer and tracking system are.  The tracking system has a video output, and we have put that on the ships video system, which gives us a tracking system output up on the bridge, which is extremely handy.  We also have the RDF system up on the bridge, which Ops (LtCmder Joe Segalla) tends to watch.

In-ice Operations

Start day by looking for a lead big enough.  Finally find an area, with multiyear ice on one side, and new ice on the other, but want to make it bigger.  Decide to let the ship circle around in the ice, to open a larger hole.  Hope is that the wind will blow the ice to one side.  This takes quite a while.  Matters are complicated by a plan to lodge the ship into the multiyear float, and launch the small boat and AUV from the ‘parked’ ship.  A bit of experimentation with this chews up valuable daylight, and finally we end up launching the boat and the AUV in the lead, then driving the ship into the multiyear ice.  Takes a couple of runs until we are far enough to stick.  The ship has to be firmly wedged because we want the screws to be disengaged.

launcher integration & operations

CTD Sampling

E. D. Cokelet and Amy West

On cruise HY-01-03, 52  CTD (conductivity-temperature-depth) casts (Fig. xxx) of two types were made.  Deep casts to within 20 m of the bottom formed two-dimensional (distance-depth) sections perpendicular to the presumed mean flow of  the warm Atlantic layer into the Arctic Ocean.  Shallow casts to 100-500 m provided the basis for comparison of the CTD with the ALTEX AUV.  Water samples were collected for salinity, nutrient and oxygen analysis.  
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CTD Casts

Casts were conducted using a Sea-Bird 911 Plus CTD with dual temperature and conductivity sensors, dual pumps and TC ducts, an SBE-13B oxygen sensor, WET Labs cs-25-660 (red) C-STAR  transmissometer, and Chelsea Aquatracka III fluorometer.  The 911 Plus system sampled at 24 Hz, but due to a slow data-acquisition computer, pairs of samples were averaged and stored at 12 Hz.  The CTD was lowered at a rate of 20 m/min over the first 300-400 m of the cast to below the depth of large temperature gradients (usually at the bottom of the Atlantic inflow-layer core) and then at 60 m/min for the remaining cast.  

Part way through the cruise it was discovered that one of the coefficients (C2) for temperature compensation of the Paroscientific Digiquartz pressure sensor was entered into the CTD calibration files with the wrong sign.  This was corrected, and the prior configuration files were amended to account for the error.  For the first 8 CTD casts the raw .DAT, .HDR, .BL and .CON file names were prefixed with hy0103ctdnnn where nnn was the cast number.  To fit the requirements of the NOAA/PMEL database scheme, such files were prefixed by ctdnnn after cast 8.  The new “raw” data files with amended names, headers and .CON files were stored on a networked PMEL laptop computer and should be considered the starting point for future CTD processing.  

The CTD was operated in very cold conditions with water temperatures ranging between –1.8 and 6 C and air temperatures as low as –22 C.  On a minority of  occasions the Sea-Bird pump would not start, and the CTD had to be lowered a few tens-to-hundreds of meters to thaw.  The core of the warm Atlantic layer proved a useful depth for this procedure.  The practice of keeping distilled water in contact with the conductivity and oxygen sensors on deck was abandoned during very cold weather because the water froze in the sensors before reaching the ocean.  The CTD cage is mounted horizontally under the rosette and does not allow for complete draining of the sensors and pump.  Water samples sometimes froze in the water-sampling bottles during the brief transition between the open deck and the heated CTD resting area.

The temperature and salinity sensors showed a marked degree of hysteresis between down- and up-casts.  The cause was never clear, but was assumed to be due to mixing caused by the rosette and bottles preceding the CTD cage on the up-cast.  When the CTD stopped for water samples on the up-cast, the temperature and salinity would tend toward their down-cast values, but would never reach them in the minute or two the operators were willing to wait before moving upward again.  When comparing CTD values with water bottle samples during post-cruise data analysis, it may be prudent to compare down-cast digital values with up-cast water samples.  

The initial CTD oxygen sensor (S/N 130583) was replaced after cast 6C because its graph was very noisy.  The second sensor (S/N 130573) remained in place through cast 42, but it gave near-zero values for a few casts before that.  It may have suffered freeze damage.  The first sensor was reinstalled although its readings were high.  A comparison between up- and down-casts showed hysteresis.  

Water Samples

Water bottle samples were acquired on the up-cast usually at the bottom of the cast and then at  pressures of 3000, 2000, 1500, 1000, 750, 500, 400, 300, 200, 150, 100, 50, 20 and 5 dbar.  When the number of bottles exceeded 12, first the 20 dbar and then the 1500 dbar sample were excluded.  

Nutrient samples (492) were collected from the water bottles and frozen in plastic scintillation vials at –80 C for transport back to NOAA/PMEL in Seattle and subsequent analysis.  One salinity sample was collected per cast (52 total) alternately at the deepest and shallowest depths.  Samples were placed in glass bottles, their caps wrapped in plastic tape, and stored aboard ship for transport to Seattle and subsequent analysis.  

Two-hundred-one oxygen samples were analyzed (from CTD casts 1,2, 5, 6, 11, 12, 13, 14, 15, 16, 18, 19, 20, 27, 31, 37, 41, 42, 43, 51 and 52) using an automated Winkler titration system as described in the MBARI Technical Report No 91-9. The 665 Dossimat and  Metrohm titration bottles were all controlled by a laptop computer with an oxygen program installed. Thirty-eight oxygen sample bottles were available so usually three CTD casts of 12 water bottles each were sampled and analyzed as a group.  Shallower casts allowed for more casts to be analyzed per group.  Care was taken to avoid contact with atmospheric oxygen, but this technique was perfected only through practice!  Care was also made to draw and analyze each sample in a consistent fashion.  If any method was changed, it was always logged.  Samples were pickled immediately after drawing from the rosette bottles.  Normally if 24-hour operations were not in effect, titrations were done the next day, and bottles were readied for the following CTD site.  If left overnight, de-ionized (DI) water was placed on top of the flasks to avoid atmospheric contamination.  A few times samples were titrated from the same depth for comparison and to check for collection and operational errors.  

Reagents were made up at the beginning of the cruise, and extra vials of chemical were brought in case of spills or breakage.  KIO3 (0.010015 N) was used to standardize the thiosulfate, and this standardization was done at least twice a week. Another batch of potassium iodate was made as a comparison at the end of the cruise. Small samples of both standards were kept to take back to MBARI for further oxygen analysis. 

Light transmission errors occurred during some analyses owing to bubbles from the stirring bar leading to possible underestimation of the final value.  Endpoints may be shifted (i.e. oxygen values may be modified), and final values will be made available following technical review.  A few mishaps occurred when both of the reagent dispensers broke.  One CTD cast had all air vents open during the cast so all oxygen samples were thrown out due to possible contamination. There were a few casts that had DI water absent or had spilled from the top. Frozen rosettes were left to thaw for up to 45 minutes with the air valve open. If this was done, either oxygen samples were not taken, or oxygens were taken but a possible contamination was noted.  All computer errors, titration errors, and discrepancies were logged.  The oxygen data will be discussed with Gernot Friederich at MBARI.  

Normally a relationship is established between a CTD’s oxygen sensor values and the titration values, and oxygen water-sampling is reduced later in the cruise.  Owing to inconsistent and failed oxygen sensors, no relationship was established early in this cruise. Instead samples were drawn as often as possible and will be used for obtaining NO values after post-cruise analysis of nutrients.  
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