Table of Contents





� TOC \o �1. Stations	� GOTOBUTTON _Toc310320468  � PAGEREF _Toc310320468 �1��


1.1 Station Locations	� GOTOBUTTON _Toc310320469  � PAGEREF _Toc310320469 �1��


2. Conductivity-Temperature-Depth Systems	� GOTOBUTTON _Toc310320470  � PAGEREF _Toc310320470 �1��


2.1 Data Collection Methods	� GOTOBUTTON _Toc310320471  � PAGEREF _Toc310320471 �2��


2.2 Instrument Problems	� GOTOBUTTON _Toc310320472  � PAGEREF _Toc310320472 �2��


2.2.1 FSI Current Setting Too Low	� GOTOBUTTON _Toc310320473  � PAGEREF _Toc310320473 �2��


2.2.2 Guildline RF Interference	� GOTOBUTTON _Toc310320474  � PAGEREF _Toc310320474 �3��


2.2.3 Pressure/Time Drift with Guildline Temperature & Conductivity Data	� GOTOBUTTON _Toc310320475  � PAGEREF _Toc310320475 �3��


2.2.4 Air Bubbles Trapped in Guildline Conductivity Cell	� GOTOBUTTON _Toc310320476  � PAGEREF _Toc310320476 �3��


2.2.5 Sea-Bird Electronic Problems	� GOTOBUTTON _Toc310320477  � PAGEREF _Toc310320477 �4��


2.3 Data Processing	� GOTOBUTTON _Toc310320478  � PAGEREF _Toc310320478 �4��


2.3.1 FSI CTD Data	� GOTOBUTTON _Toc310320479  � PAGEREF _Toc310320479 �4��


2.3.2 Guildline CTD Data	� GOTOBUTTON _Toc310320480  � PAGEREF _Toc310320480 �5��


2.3.3 Sea-Bird CTD Data	� GOTOBUTTON _Toc310320481  � PAGEREF _Toc310320481 �6��


2.4 Data Validation	� GOTOBUTTON _Toc310320482  � PAGEREF _Toc310320482 �7��


2.4.1 Summary of Accepted Uncertainties	� GOTOBUTTON _Toc310320483  � PAGEREF _Toc310320483 �7��


2.4.2 FSI CTD Data	� GOTOBUTTON _Toc310320484  � PAGEREF _Toc310320484 �8��


2.4.3 Guildline CTD S/N CTD5 Data	� GOTOBUTTON _Toc310320485  � PAGEREF _Toc310320485 �9��


2.4.4 Guildline CTD S/N 53501 Data	� GOTOBUTTON _Toc310320486  � PAGEREF _Toc310320486 �11��


2.4.5 Sea-Bird CTD Data	� GOTOBUTTON _Toc310320487  � PAGEREF _Toc310320487 �13��


�








�



Stations


Station Locations


Figure 1 is a map of the Beaufort and Chukchi Seas showing the location of the stations visited during the 9324 cruise.  Station locations were determined using one of two GPS systems.  The locations for any Guildline or FSI CTD casts were determined using a Trimble Transpak GPS located near the CTD acquisition system with an antenna mounted on the starboard side of the ship two decks up from the boat deck.  The locations for an Sea-Bird CTD casts were taken from the ship's ??? GPS on the bridge. The positions are expected to be within 100m of the true position.   





Table 8 gives a complete list of the cast times and locations. Several casts were taken at some of the stations and in those cases sparate coordinates are given for each cast.  The latitude and longitude given for each cast is the position at the time of the start of the cast.  








Conductivity-Temperature-Depth Systems


Four CTD's were used during the cruise, two from Guildline, one from FSI and one from Sea-Bird.   For water sampling we used a 24 bottle GO rosette system with BOT bottles.  The FSI CTD was our main CTD and was attached to the rosette for the duration of the cruise.  For several of the rosette casts we also attached one of the Guildline CTD's to the rosette (in place of a bottle) and in those cases had a good intercomparision between the two CTD's on the rosette.   The Guildline CTD's were also used on their own in cases  where water sampling was not needed.  The Sea-Bird CTD was also used for CTD-only casts in shallower water.   Table 1 lists each of the CTD's and their configurations.  The table indicates what external sensors were used with each CTD.   Which external sensors were connected for a given cast depended on the cast depth and the pressure rating for each sensor.





The two Guildline CTD's and the FSI CTD transmitted their data real-time via a 3500 meter three conductor sea-cable to their matching deck units.  For each of the three CTD's the data were transmit at 25 samples per second.  The FSI data were logged on an ALR 486 desktop MSDOS computer and the Guildline data were logged on a Toshiba T5200 portable computer.   The GO 1016 rosette pylon also communicated real-time with it's deck unit over the sea cable and was controlled by the T5200 portable computer.  





The general configuration that we used for sharing the sea-cable between the various instruments was to run the FSI CTD through two of the conductors and to run the rosette underwater unit through the remaining conductor and the shield.  If one of the Guildline CTD's was also on the rosette then it would share the single conductor and shield with the rosette.   Sharing a single conductor between the Guildline CTD and the rosette was accomplished by switching between the two manually.  We would power the Guildline CTD, and collect data on the down-cast and then switch to the rosette on the up-cast.  The rosette bottles were always tripped on the up-cast.





The Sea-Bird CTD was internally recording.  Sea-Bird casts were done by lowering the instrument on the end of our hydrowire.  The data were logged at  2 samples per second during the cast and then transferred to the ALR computer by serial cable after the cast was completed.





Data Collection Methods


All rosette casts and casts involving the Guildline CTD's along were taken from the ship's starboard boat deck.  The rosette and CTD's were positioned over the side using the ship's starboard cargo crane and lowered using a hydraulic winch.





The Sea-Bird CTD casts were taken from the port side of the ship's foredeck.   The CTD was positioned over the side and lowered using a hydraulic winch and A-frame.  





The working temperatures varied from about 5o C to -10o C.   To prevent freezing of the CTD's and rosette, we stored them in a specially designed "hanger" constructed from a pair of 8'x12' cargo containers.   The rosette and CTD's would remain in the container, heated to room temperature, until just before the cast and then rolled out on deck and deployed.  If the Sea-Bird CTD was being used from the foredeck it would be brought into the forecastle between casts.





Instrument Problems


FSI Current Setting Too Low


The data from casts 4,5 and 6 taken with the FSI CTD were extreamly spikey.  We discovered that this was due to the fact that we had the FSI deck unit power supply current level set too low.  After cast 6 we increased the current level and the FSI CTD performed virually spike-free for the rest of the cruise.


�


Guildline RF Interference


Both Guildline CTD's suffered from sporadic bursts of noise spikes.  We were able to determine a correlation between these bursts and radio transmissions being made from the ship.  We had a shielded deck-cable running from the winch to the CTD deck units that was grounded at the deck unit end but that did not appear to prevent interference.   This has been a common problem with the Guildline CTD's in our experience and results in the need to despike the data from every cast taken with the instrument.





Pressure/Time Drift with Guildline Temperature & Conductivity Data


As discussed in sections 2.4.3 and 2.4.4, comparisons between the FSI and Guildline CTD's show significant drifts in Guildline temperature and conductivity readings over over the duration of each cast.  There are also significant offsets in these channels between casts.  





Evidence suggests that the drift is due to a difference between the CTD internal temperature and the water temperature. The most likely reason for this problem occuring was that we adopted the practice of keeping the CTD’s at room temperature until just before a cast and then only soaking them at the surface for 2 to 3 minutes before doing a profile.   Refer to sections 2.4.3 and 2.4.4 for more details. 





Air Bubbles Trapped in Guildline Conductivity Cell


For many of the Guildline CTD casts we found that conductivity readings remained close to zero when the CTD was first put in the water and would remain zero for some time.  We attribute this problem to air bubbles being trapped in the conducitvity cell.  We were able to correct the problem by repeatedly lowering the CTD to some depth below 20 meters and then bringing it back to the surface (thereby clearing the air bubble).  This problem persisted over the duration of the cruise despite our best efforts to keep the conductivity cells clean and wetted with alchol at all times when the CTD’s were out of the water.





In most cases this problem was identified at the start of the cast and fixed before the actual cast was recorded.  In a few cases, however, the problem was not identified before the cast started or it was accepted because the Guildline CTD was on the rosette and we knew that we had good data from the FSI CTD.   Any casts corrupted in this way are not included in this report.





Sea-Bird Electronic Problems


On the last day of CTD casts, our Sea-Bird CTD 1031 developed an electronics fault that resulted in it failing to record large sections of data during the casts.  Because the Sea-Bird is an internally-recording CTD, we could not tell if this happened until after the cast was completed. The casts affected are 103 to 115.





Generally, the lost records occured during the first 50 to 80 meters of the cast and then after that the instrument worked fine.  As a result, we were able to reconstruct the corrupted profiles from the up-cast data.  A consequence of doing this, however, was to introduce additional uncertainty in the temperature and salinity readings.  This uncertainity is associated with the fact that the water being sampled is in the wake of the CTD as it rises through the water and this can result in errors due to turbulance and temperature contamination. 





Data Processing


Several steps were performed in the processing of each CTD cast.  These steps are outlined below:





FSI CTD Data


The raw, binary, data collected from this CTD were converted to an ASCII format.  The pre-cruise pressure, temperature, and conductivity calibration coefficients for this CTD were entered into the CTD itself and so the values for those channels were already in engineering units.  The values for the transmissometer, fluorometer, and PAR sensor were still raw values at this point.





The raw ASCII data were converted to engineering units for all channels and salinity was calculated.  For the transmissometer and PAR sensor we used pre-cruise calibration coefficients and for the fluorometer we used nominal coefficients based on the fluorometers selected sensitivity range.





The casts were processed using an automatic despiking program to remove any noise spikes.





The conductivity data was filtered with a 0.45 second delay exponential filter to match its time response with that of the temperature data.  To properly time compensate the data for some of the casts, it was also necessary to delay the temperature data by shifting it a number of records relative to the conductivity data.





The pressure data was adjusted to match the post-cruise calibration using the following formula:��	Corrected Pressure = Pressure * .999185 + 2.0





Based on comparisons with bottle data, the conductivity was corrected using the following formula:��	Corrected Conductivity = Conductivity * (Julian_Day * .5957e-5 + .99907)��This formula corrects for a slow drift in conductivity over time.





All swells and up-casts were removed from the data.





The data for each cast were decimated into one decibar bins using a simple averaging process.





The temperature and salinity data were filtered using a 1 decibar lowpass filter to remove spikes from the salinity that could not be adequately removed by time compensation.





Derived oceanographic quantities were calculated from the pressure, temperature, and salinity data using the algorithms given in the UNESCO TECHNICAL PAPERS ON MARINE SCIENCE, No. 44 by Fofonoff and Millard.





Guildline CTD Data


The raw, binary, data collected from this CTD were converted to an ASCII format.  





The raw ASCII data were converted to engineering units for all channels using pre-cruise calibration coefficients and salinity was calculated.  





The casts were processed using an automatic despiking program to remove any noise spikes.  For some casts, manual despiking was required as well.�


For two of the casts (68,69), processing had to be done to adjust the temperature data time response so that it would match that of the conductivity.  This was done by filtering the temperature data with a 0.3 second exponential filter and then delaying the temperature by 2 records relative to the other channels.�


In the Guildline CTD5 only, the pressure data was adjusted to match the pressures measured by the FSI in casts involving the two CTD's.  The correction formula used was.:��	Corrected Pressure = Pressure * 1.006667  - 0.6667





All swells and up-casts were removed from the data.





The data for each cast were decimated into one decibar bins using a simple averaging process.





Based on comparisons with the FSI CTD, the conductivity and temperature were corrected using the following formula:��	Corrected Value = Measure Value + A + B*Pressure��Table 2 lists the coefficients A and B used for each CTD.





The temperature and salinity data were filtered using a 1 decibar lowpass filter to remove spikes from the salinity that could not be adequately removed by time compensation.





Derived oceanographic quantities were calculated from the pressure, temperature, and salinity data using the algorithms given in the UNESCO TECHNICAL PAPERS ON MARINE SCIENCE, No. 44 by Fofonoff and Millard.








Sea-Bird CTD Data


1.	The raw, HEX-ASCII, data collected from this CTD were converted to an ASCII format.  





2.	The raw ASCII data were converted to engineering units for all channels using pre-cruise calibration coefficients and salinity was calculated.  





3.	Each cast was processed to compensate for the differences in the time responses of the temperature sensor and the conductivity cell.  This was done by delaying the temperature data by 3 records and the conductivity data by 1.5 records.    





The pressure, temperature, and conductivity data were filtered using a 3Hz low pass filter to smooth out sensor noise and match sensor response times.  Salinity was recalculated at this point.





Casts 103 to 115 were reconstructed from the up-cast and available sections of the down-cast.





All swells and up-casts were removed from the data.





The data for each cast were decimated into one decibar bins using a simple averaging process.





Based on comparisons with the Guildline CTD S/N CTD5 data, the conductivity was corrected using the following formula:





		Corrected Conductivity = Conductivity * 1.06249 - .397e-1


	


The salinity data was filtered using a 1 decibar lowpass filter to remove spikes from the salinity that could not be adequately removed by time compensation.





Derived oceanographic quantities were calculated from the pressure, temperature, and salinity data using the algorithms given in the UNESCO TECHNICAL PAPERS ON MARINE SCIENCE, No. 44 by Fofonoff and Millard.





The decimated data, and derived quantities, were used in producing the plots and tables found in Appendix ???.





Data Validation


Data validation was performed in several steps which included comparison of pre-cruise and post-cruise calibrations, comparision of CTD with bottle data, and intercomparisons between CTD's.  





Summary of Accepted Uncertainties


From the following analysis, the accepted uncertainties in the various CTD sensor readings are as follows:


�


FSI CTD Data


The first step in validating the data was to insure that the FSI CTD data, as measured for all rosette casts, was accurate.  The FSI data was then used as a benchmark for the data from the other CTD's.





Pressure





The pressure sensor electronics in the FSI CTD includes an internal temperature sensor which is used in factory calibrations to determine the temperature effect on pressure readings.  In this way, the factory calibrated pressure readings are supposed to be fully corrected for instrument temperature.  





When we performed a post-cruise calibration in our labs, however, we found that the factory calibration agreed with ours at room temperature but not at freezing temperatures.  We found that at zero degrees celcius there was a two decibar offset at zero decibars, decreasing to a zero offset at 3000 decibars.  Since our casts were primarily in waters at 2 to -2 degrees celcius, we applied a correction to the FSI pressure data to adjust the calibrated readings to match the sensor's response at zero degrees celcius.  The correction applied was:





Corrected Pressure = Pressure * .999185 + 2.0





Temperature





The pre-cruise temperature calibration was compared to the post-cruise calibration and found to agree to within 0.002 degrees C over the range -2 to 10 degrees C.   We also compared some of the deep potential temperature readings with other readings taken in the same areas in the past and found agreement to within the accuracy of the instrument.  As a result, we declared the temperature values based on the pre-cruise calibration valid.





Conductivity/Salinity





The FSI conductivity data was validated by comparison with the conductivity calculated from the rosette bottle samples.  The bottle conductivities were calculated from the bottle salinities (measured using a Guildline Autosal laboratory salinometer) and the CTD temperature measured at the time the bottle was tripped.





Figure 2 is a plot of the ratio of bottle conductivity/CTD conductivity vs. pressure.   Bottle and CTD conductivities were used from the casts spanning the entire cruise.   Only bottles from below 300 meters were used, however, because of the variability in the water column above that depth.  Figure 2 shows no apparent correlation between bottle conductivity/CTD conductivity and pressure.








Figure 3 is a plot of the same bottle conductivity/CTD conductivity ratios but vs. Julian Day.  The figure shows a general trend in the ratio between the two conductivities as a function of day.  The best linear fit of this trend is also shown on figure3. 








The best linear fit was used to calculate the following conductivity correction to the FSI CTD data:





Corrected Conductivity = Conductivity * (Julian_Day * .5957e-5 + .99907)





The CTD salinity was recomputed from the corrected conductivity and the differences between the CTD and bottle salinities were calculated.   Figure 4 shows the salinity differences vs. pressure for bottles below 300 meters.  





The salinity difference statistics are given in table 4.








Transmissometer, Fluorometer, and PAR Data:





The transmissometer and PAR data is calculated using pre-cruise calibration coefficients.  Because no independent measurement exists for validating these measurement, the data is considered accurate to within the accuracy of the sensors.





The fluorometer was not calibrated prior to the cruise and so nominal coefficients were used in producing chlorphyl concentrations as a function of fluorometer raw readings.   The fluorometer will eventually be calibrated based on chlorophyl concentrations measured from the bottle samples.  This bottle chlorophyls have not bee processed yet, however, and so the nominal coeffients stand. 








Guildline CTD S/N CTD5 Data


The data from Guildline CTD S/N CTD5 was validated by comparing the 1 meter averaged CTD5 and FSI CTD data.  Several casts were performed over the duration of the cruise in which both the FSI CTD and CTD5 were lowered on the rosette together.  Only those casts were used in the intercomparision.  Table 5 lists the casts used.





Pressure





Pressure readings from the two CTD's were compared by matching up the pressures associated with key features in the cast profiles, including the maximum depth of the casts.  The comparison showed that for the pressures to match, the Guildline CTD S/N CTD5 had to be adjusted using the following formula:


Corrected Pressure = Pressure * 1.006667  - 0.6667





This correction was applied to all CTD5 data before further analysis was done.





Temperature





The differences between the FSI temperature and CTD5 temperature were calculated.  Figure 5 shows those differences ploted as a function of pressure.  





Three things can be readily observed from this plot:


1.	The water column below 300 meters is too variable with depth to be useful for intercomparisions.


2.	There is a definite drift in the differences as a function of pressure or time.


3.	There is a varying offset in the temperature differences that does not appear to be a function of time. (The cast 75-76 difference is closer to the 52-53 difference, which is 4 days away, than the 77-78 difference which is 2 hours away.)





At this point, we believe that the differences between the FSI CTD and CTD5 are not simply a function of pressure but are due to variations in the CTD5 electronics as a function of the difference between internal CTD temperature and ambient temperature.   This hypothesis could be tested by performing a number of lab tests using dummy sensors and varying calibration bath temperatures.  Unfortunatly, there was not enough time to do such tests before this report was due.  As a result, a simple temperature correction has been calculated as a function of pressure.





The correction formula used is:





Corrected Temperature = Temperature + Pressure * 0.35714E-5











Figure 6 is a plot of the difference between the FSI CTD temperature and the CTD5 corrected temperature data vs. pressure.  This plot indicates that the corrected CTD5 temperatures agree with the FSI temperatures to within .005 degrees C for the casts compared.  








Conductivity/Salinity





The differences between the FSI conductivity and CTD5 conductivity were calculated.  Figure 7 shows those differences ploted as a function of pressure.  








The conductivity differences show similar trends and offsets as the temperature differences.  This supports the assumption that the differences are a result of something affecting both sensors together, i.e. electronic drift as a function of internal temperature.





As with the temperature comparison, the best correction that could be applied in the time allowed was a simple pressure correction in the form:





Corrected Conductivity = Conductivity + 0.9E-4 + Pressure * 0.1E-6





Figure 8 shows the difference between the FSI conductivity and CTD5 corrected conductivity as a function of pressure.





The corrected salinities for CTD5 were computed from the corrected temperatures and conductivities and the difference between the FSI salinities and CTD5 corrected salinities were calculated.  Figure 9 shows the salinity differences as a function of pressure.





Figure 9 indicates that the CTD5 corrected salinities agree with the FSI salinities to within .006 PSU.





Guildline CTD S/N 53501 Data


The data from Guildline CTD S/N 53501 was validated by comparing the 1 meter averaged 53501 and FSI CTD data.  Only two cast were performed over the duration of the cruise in which both the FSI CTD and 53501 were lowered on the rosette together.  Only those casts were used in the intercomparision.  Table 6 lists the casts used.


�


Pressure





Pressure readings from the two CTD's were compared by matching up the pressures associated with key features in the cast profiles, including the maximum depth of the casts.  The comparison showed that the pressures for the two CTD’s agreed to within 1 decibar at all depths.








Temperature





The differences between the FSI temperature and 53501 temperature were calculated.  Figure 10 shows those differences ploted as a function of pressure.    This figure shows an even more pronounced drift in temperature differences with pressure or time than was seen with CTD5.  This suggests that whatever the problem is, it is common to both Guildline CTD’s.








As with CTD5, the best correction that we could apply in the time available is a simple pressure correction.  





The correction formula used is:





Corrected Temperature = Temperature - 0.135E-1 + Pressure * 0.1199E-4





Figure 11 is a plot of the difference between the FSI CTD combined temperature and the 53501 corrected temperature data vs. pressure.  This plot indicates that the corrected 53501 temperatures agree with the FSI temperatures to within .01 degrees C from 500 meters and below for the casts compared.   








Conductivity/Salinity





The differences between the FSI conductivity and 53501 conductivity were calculated.  Figure 12 shows those differences ploted as a function of pressure.  








Once again we see a drift in difference as a function of pressure or time.  We applied the following correction to the 53501 conductivities:





Corrected Conductivity = Conductivity - 0.08e-4 + Pressure * 0.1E-6





Figure 13 shows the difference between the FSI conductivity and 53501 corrected conductivity as a function of pressure.





The corrected salinities for 53501 were computed from the corrected temperatures and conductivities and the difference between the FSI salinities and 53501 corrected salinities were calculated.  Figure 14 shows the salinity differences as a function of pressure.





Figure 14 indicates that the 53501 corrected salinities agree with the FSI salinities to within .006 PSU from 500 meters down.








Sea-Bird CTD Data


Because there were no casts done using the FSI CTD and the Sea-Bird CTD simultanously, the Guildline CTD5 was used as the benchmark for the Sea-Bird CTD readings.  The data from Sea-Bird CTD S/N 1031 was validated by comparing the 1 meter averaged 1031 and Guildline CTD5 data from a single cast in which the two instruments were lowered together.   Table 7 lists the cast used.





The CTD5 data used in this comparision was already corrected, as described above.





There are problems associate with using this single casts as a basis of intercomparison between the two CTD’s:


The Guildline CTD5 has already been shown to have problems with sensor drift over time and so is only reliable to a limited degree as a benchmark.


The CTD5 cast had erroneous conductivity readings in the first 25 meters, probably as a result of an air bubble trapped in the cell.


This is a relatively shallow cast (175 meters).  In all other intercomparisions we have considered the water above approximately 300 meters to be too variable for proper intercalibration.


It is only a single cast and so there is no way to determine instrument drift over time.





Despite the above limitations, the following analysis will show the comparison of these two casts to be useful.  Figure 15 shows the temperature salinity profile for cast 89.  





From this figure we can see that the best pressure regions to use for intercomparison are from 30 dBars to 100 dBars and from 140 dBars to 175 dBars.








Pressure





Pressure readings from the two CTD's were compared by matching up the pressures associated with key features in the cast profile.  The comparison showed that the pressures for the two CTD’s agreed to within 1 decibar at all depths.





Temperature





The differences between the CTD5 temperature and 1031 temperature were calculated.  Figure 16 shows those differences plotted as a function of pressure.  








From this plot we can see that in the regions where there are not rapid temperature changes with depth, the two CTD’s agree to within .01 C (which is the specified accuracy of the Sea-Bird CTD).





No correction was applied to the 1031 temperatures.





Conductivity/Salinity





The differences between the CTD5 conductivity and 1031 conductivity were calculated.  Figure 17 shows those differences ploted as a function of pressure.  








The large difference below 25 meters is a result of a problem with the Guildline CTD.  There was probably a bubble caught in the conductivity cell that was not flushed out until that depth. 





The conductivity differences below 25 meters are due to a calibration problem with 1031.  To correct the 1031 conductivities, we applied the following correction formula:





Corrected Conductivity = -0.397e-1 + Conductivity * 1.06249





Figure 18 shows the difference between the CTD5 conductivity and 1031 corrected conductivity as a function of pressure.





The corrected salinities for 1031 were computed from the corrected conductivities and the difference between the CTD5 salinities and 1031 corrected salinities were calculated.  Figure 19 shows the salinity differences as a function of pressure.





Figure 19 indicates that the in the regions from 40 to 100 dBars and 120 to 175 dBars, the 1031 corrected salinities agree with the FSI salinities to within .02 PSU.





�APPENDIX ???  CTD DATA: TABLES and PLOTS





The following appendix contains data plots for each CTD cast taken on the 9324 cruise.   Each page displays the data for one casts in four sections:





Header





The header appears in the upper left quadrant of the page.  Each header has 6 lines that appear as follows:





NOGAP 1993


Henry Larsen


STATION             : CS01


REFERENCE NO: 93-24-001


DATE/TIME         : 24/08/93 19:30 UTC


POSITON            : 70-17.5N 133-37.2W





The first two lines are the title and sub-title and are the same for each page.  The remaining four lines are defined as follows:





STATION		-	This is the 4 character station name.  These names match the names given in Table 8 and in Figure 1.


REFERENCE NO	-	This number appears as 93-24-###, where ### is the consecutive cast number as refered to in the report text and listed in Table 8.


DATE/TIME		-	This is the date and time at the start of the cast


POSITION		-	This is the position at the start of the cast.





Profile Plot





In the lower left quadrant is the profile plot.  Each profile plot shows Potential Temperature, Salinity, and (if available) Transmissivity, as a function of Pressure.





TS Plot





In the lower right quadrant is the TS plot.  This plot shows Potential Temperature as a function of Salinity.  Also shown on each profile are three lines of constant potential density at 25,26, and 27 Kg/m^3, and the freezing point line.


�


Data Table





In the upper right quadrant is a data table showing various measured and derived properties at standard
