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1.
Stations

1.1.
Station Locations

Only two stations were visited during the 9216 cruise: A01 and E01.  The locations of these stations are shown in Figure 1.   Station locations were determined using the ship's GPS system which was a ???. The positions are expected to be within 100m of the true position.   

Table ??? gives a complete list of the cast times and locations. Several casts were taken at station A01 over the period of 5 days.  During this time, the ships position was changing as it drifted with the ice.  The latitude and longitude given for each cast is the position at the time of the start of the cast.  
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Figure 1 - 9216 StationLocations

2.
Conductivity-Temperature-Depth Systems

Five CTD's were used during the cruise.  The configuration of each one is listed in table 1.




	Manufact-urer
	S/N
	Max Pressure (dBar)
	External Sensors
	Notes

	Guildline
	CTD4
	1500
	2xThermistors, Transmissometer
	This CTD was used in conjunction with the 12 bottle GO Rosette.  

	Guildline
	53501
	6000
	none
	

	FSI
	?
	10000
	none
	This CTD was on loan from FSI. We did one cast with it for evaluation purposes

	Sea-Bird
	1030
	200
	Transmissometer, Fluorometer
	

	Sea-Bird
	1031
	600
	Transmissometer, Fluorometer, O2 Probe
	


Table 1 - CTD Configurations

The two Guildline CTD's and the FSI CTD transmitted their data real-time via a 3500 meter single conductor sea-cable.  For each of the three CTD's the data were transmit at 25 samples per second  and logged on a T5200 portable MSDOS computer during the cast.  

The Guildline CTD S/N CTD4 was used in conjunction with a 12 bottle GO rosette.  The rosette bottles were always tripped on the up-cast.  The rosette and CTD shared the same conductor in the sea-cable and so the CTD had to be turned off briefly as each bottle was fired and then turned on again.

The two Sea-Bird CTD's were internally recording.  They were lowered on the end of the hydrowire.  The data was logged at  2 samples per second during the cast and then transferred to the T5200 computer by serial cable after the cast was completed.

2.1.
Data Collection Methods

2.1.1.
Working Environment

All CTD casts were taken from the port side of the ship's foredeck.  The CTD (with or without rosette) 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, we stored them in the ships forecastle until just before the cast.  We would leave the rosette out on deck all day, however, and sometimes this would result in the tripping mechanism freezing.  We would thaw it using warm water, however, and so were able to keep it working in the cold.  Near the end of the cruise we started storing the rosette in a heated container at night so that it would not be frozen in the morning.

2.2.
Instrument Problems

2.2.1.
Noise Spikes

The main source of problems that we encountered with the CTD's was noise spikes corrupting the data from the two Guildline probes.  The number of bad records was so large in some casts that it made them unusable.

The noise spikes can be attributed to three problems:

2.2.1.1.
Bad Sea-Cable connector on Guildline S/N 53501

The first cast done with 53501 (cast#3) on Sept. 19 was plagued by terrible noise spikes.  When we did an inspection after the cast we found that there was a break in the sea-cable bulkhead connector ground line.  We suspect that the ground was being maintained by conduction from the cable armor, via the mechanical connectors and shackles, to the CTD case.  This would allow the CTD to remain powered but severely disrupt the data communications.

We replaced the connector and did not see such severe noise spikes from 53501 after that.

2.2.1.2.
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.  We were able to get the ship to hold off on radio transmissions for most of the casts from cast #12 on.

2.2.1.3.
Transmissometer Connector Bad

In cast #1 we observed very spiky transmissometer data.  We were able to determine that the problem was with a bad connection in the transmissometer bulkhead connector.  We replaced the pigtail connector but did not have a spare bulkhead connector.  This problem persisted throughout the cruise.  We were able to minimize the spiking by strapping the pigtail to a rigid post to limit the amount that it flapped around while being lowered through the water.

We only had the one transmissometer on the cruise and so the one with the problem connector was used with the Guildline CTD S/N CTD4 and both Sea-Bird CTD's.

2.2.2.
Conductivity Cell Drift

Casts #13 and #14 taken with the Guildline CTD S/N CTD4 showed bad conductivity readings below 150 and 300 meters respectively.  The problem was solved by cleaning and regreasing the EO connector for the conductivity cell.  The data from casts #13 and #14 are not included in this report.

2.2.3.
Bad Oxygen Data

Sea-Bird CTD S/N 1031 was outfitted with a YSI dissolved oxygen probe which was used during casts #21 and #22.  Due to our lack of experience with this probe we neglected to replace its electrolyte prior to the cruise and so did not obtain any usable oxygen data from it.  

2.2.4.
General Problems with FSI CTD

The FSI CTD that we had on this cruise was on loan to us from Falmouth Scientific for evaluation.  We did not have any experience with that type of CTD prior to the cruise nor were we able to perform any calibrations on it before or after the cruise.  

Because of time constraints we were only able to perform one cast (cast #18) with the FSI CTD.  From that cast we noted some fluctuations in the sensor readings that we could not explain.  Those problems, our inexperience with the instrument and our lack of ability to verify the sensor calibrations resulted in us deciding not to include the data from that cast in this report.

2.3.
Data Processing

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

1)
The raw values for pressure, temperature and conductivity were converted to engineering units using calibration coefficients determined in pre-trip laboratory calibrations.  

2)
The casts were extensively hand-edited to remove noise spikes from the sources described in the previous section.   At this stage it was determined that casts 1,3, and 4 were too spiky to be worth using considering the fact that there were several other casts for the same station that were usable.

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 differently for the different types of CTD's.  For the Guildline CTD's this was done by digitally convoluting the temperature data with the conductivity cell's time response and the conductivity data with the temperature probe's time response.  For the Sea-Bird CTD's this was done by advancing the temperature data by 2 records (1 second) and the conductivity by .5 records (.25 seconds).  These values were determined experimentally by comparing up and down casts and by minimizing spikes in the computed salinity.  

4)
Salinity was calculated from temperature and conductivity using the UNESCO algorithms [Fofonoff and Millard; 1983].

5)
All casts were processed to remove swells and the up-casts.

6)
Due to instrument problems occurring during many of the casts, we decided to do further processing only for the following casts 8,15,17,21,22.   For cast #17, only the transmissometer and fluorometer data are reported.

7)
The pressure, temperature, salinity, transmissivity, and fluorometry data for each cast were decimated into one-meter bins using a simple averaging process.

8)
Based on comparisons done between the CTD and bottle salinities the following offsets were added to the CTD salinities:

	Cast #
	CTD Type
	CTD S/N
	Offset

	8
	Guildline
	53501
	-0.0251

	15
	Guildline
	CTD4
	0.008

	21,22
	Sea-Bird
	1031
	0.008


Table 2 - Salinity Adjustment Offsets


See the section on data validation for more information. 

9)
Based on the pre-cruise and post-cruise calibrations and the inter comparisons between CTD's, -0.004 deg C was added to the temperatures in cast #15.  See the section on data validation for more information.

10)
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 ???.

2.4.
Data Validation

In this section, comparisons are made between the CTD casts and bottles taken at station A01.  Cast #8 was made with the Guildline CTD S/N 53501, cast #15 was made with the Guildline CTD S/N CTD4 and cast#21 was made with the Sea-Bird CTD S/N 1031.

2.4.1.
Salinity Data

The CTD salinities for casts #8, #15 and #21 were compared to the bottle salinities collected at station A01.  Figure 2 shows the differences between CTD and bottle salinities for the three casts from 300 meters down.




Figure 2 - CTD vs. Bottle Salinities

The mean and standard deviations of the salinity differences below 400 meters are given in table 3.  These values were used to determine the salinity corrections applied to the data as outlined in the section on data processing.

	
	Cast #8
	Cast #15
	Cast #21

	Mean
	0.0251
	-0.0081
	-0.0082

	Std. Deviation
	0.0036
	0.0019
	0.0039

	Count
	19
	8
	4


Table 3 - CTD-Bottle Salinity Statistics

2.4.2.
Temperature Data

No reversing thermometers were used on this cruise so we have done our validation of the temperature data by inter comparing the CTD temperature data, comparing the pre-cruise and post-cruise temperature calibrations, and comparing the deep water temperatures with historical data.

Figure 3 shows the differences in temperature between casts 8 and 15 as a function of pressure.  From this figure we can see that at pressures above 400 dBars the temperatures are too variable to be useful for direct inter comparison.  From 400 dBars to 600 dBars the difference is near zero or slightly positive.  From 700 dBars down the difference is consistently negative.  We have chosen the deep water from 700 dBars down as the best for inter comparison.  The most likely reason for the difference between the deep water and the water between 400 and 600 dBars is that the 400 to 600 dBar range is at the ...(ask Eddy).  The temperatures and differences below 700m for casts#8 and cast#15 are listed in table 4




Figure 3 - Cast#8 - Cast#15 Temperature Differences




	Pressure
	Cast8
	Cast 15
	cast 8-15

	701
	0.333
	0.336
	-0.0030

	799
	0.218
	0.225
	-0.0070

	900
	0.102
	0.106
	-0.0040

	1001
	-0.004
	0
	-0.0040

	1250
	-0.2
	-0.197
	-0.0030

	1501
	-0.329
	-0.324
	-0.0050

	
	
	Average
	-0.0043

	
	
	Std Dev
	0.0015


Table 4 - Cast#8 and Cast#15 Temperature Statistics

The pre-cruise calibrations were compared with the post cruise calibrations for the two Guildline CTD's and the average difference between the pre-cruise calibration and post-cruise was calculated.   The results are listed in table 5

	
	53501
	CTD4

	Mean
	.0051 C
	.0041 C

	Std. Deviation
	.0011 C
	.0004 C

	Count
	4
	4


 Table 5 - Difference between pre-cruise and post-cruise Temp Calibrations

From the inter comparison between the two casts and the calibration results, we decided to subtract .004 deg C from the cast #15 data (CTD4).  This is valid assuming the 53501 calibration shift occurred after cast #8 and the CTD4 shift occurred before cast #15.  The adjustment to the cast #15 data also makes the cast#8 and cast#15 data agree below 700 dBars.

Figure 4 shows the differences in temperature between cast#8 (Guildline 53501)  and cast#21 (Sea-Bird 1031).  From this plot it appears that there is too much variability in the water column to make a direct comparison between these two stations.  Comparing pre-cruise and post-cruise calibrations, however, shows no significant shift in temperature response for the instrument.  For these reasons no adjustment was made to the Sea-Bird temperature data.




Figure 4 - CAST#8 - CAST#21 Temperature Differences

Long term measurements in the Canada Basin have shown that the temperatures below 1500 meters are very stable over time and so can be used for data validation.  Table 6 lists the potential temperature at 2000 and 3000 dBars from a number of cruises including ones before and after this cruise (9216).  

	Cruise Name
	Year
	2000 dBars
	3000 dBars

	AIWEX
	1985
	
	-.516

	9070
	1990
	-.517
	-.515

	9216 (Cast #8)
	1992
	-.526
	-.527

	9350
	1993
	
	-.513

	
	
	
	


Table 6 - Canada Basin Historical Potential Temperatures

Comparison with historical data suggests that the temperatures for cast #8 are as much as 0.015 degrees low.   Because the calibrations do not support such a shift, however, the data has not been adjusted to agree with the historical values.  The reader should note, however, the uncertainty this places on the reported temperatures.




3.
List of Stations

Table 7 lists all of the CTD casts taken during the field trip and the stations at which they were taken.   The table also lists which casts are used in this report.  Table 8 lists the station locations and cast start times. The break in consecutive cast numbers is due to the fact that many physical casts were broken up into multiple cast files because of instrument problems and other operational reasons.

	Cast #
	Station
	CTD Type
	CTD S/N
	Done with Rosette Cast?
	Use?
	NOTES

	1
	A01
	Guildline
	CTD4
	
	
	Very spiky data

	3
	A01
	Guildline
	53501
	
	
	Very spiky data

	4
	A01
	Guildline
	CTD4
	
	
	Bad temp. and cond. data at top of down cast

	8
	A01
	Guildline
	53501
	
	
	Good cast

	12
	A01
	Guildline
	CTD4
	
	
	Good cast

	13
	A01
	Guildline
	CTD4
	
	
	Cond. drifts low at 160 dBars

	14
	A01
	Guildline
	CTD4
	
	
	Cond. drifts low at 300 dBars

	15
	A01
	Guildline
	CTD4
	
	
	Good cast

	17
	A01
	Sea-Bird
	1030
	
	
	Good cast - only transmissometer and fluorometer data reported

	18
	A01
	FSI
	
	
	
	Not calibrated

	21
	A01
	Sea-Bird
	1031
	
	
	Good cast

	22
	E01
	Sea-Bird
	1031
	
	
	Good cast


Table 7 - CTD Cast Information




	Cast #
	Station
	Date
	Time

(GMT)
	Latitude
	Longitude
	Cast Depth (dBars)

	1
	A01
	Sept. 19,1993
	02:21
	72o 34.408' N
	143o 40.010' W
	600

	3
	A01
	Sept. 19,1993
	03:41
	72o 34.220' N
	143o 41.403' W
	3000

	4
	A01
	Sept. 20,1993
	20:17
	72o 31.579' N
	143o 51.925' W
	100

	8
	A01
	Sept. 20,1993
	21:09
	72o 31.560' N
	143o 51.702' W
	3300

	12
	A01
	Sept. 21,1993
	00:07
	72o 31.270' N
	143o 50.840' W
	250

	13
	A01
	Sept. 21,1993
	00:23
	72o 31.080' N
	143o 50.470' W
	200

	14
	A01
	Sept. 21,1993
	15:29
	72o 28.975' N
	143o 48.600' W
	600

	15
	A01
	Sept. 21,1993
	19:12
	72o 28.327' N
	143o 48.836' W
	1500

	17
	A01
	Sept. 22,1993
	00:36
	72o 29.550' N
	143o 46.748' W
	200

	18
	A01
	Sept. 22,1993
	21:35
	72o 25.354' N
	143o 45.963' W
	3300

	21
	A01
	Sept. 23,1993
	1635
	72o 25.000' N
	143o 45.600' W
	700

	22
	E01
	Sept. 23,1993
	23:46
	71o 12.105' N
	147o 26.315' W
	475


Table 8 - Cast Start Times and Locations

May 28, 2004 – Joe Linguanti

Converted the units of Total_Suspended_Solids from mg/m^3 to mg/L by dividing by 1000.0.

June 7, 2004 – Joe Linguanti

Fluorescence data removed from CTD files since units are unknown. Oxygen data was also removed since the instrument had not been prepared properly (see section 2.2.3). Orginal files are in HISTORY directory.
