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PROCESSING NOTES
Cruise: 2003-19
Agency: IOS, Ocean Science and Productivity, Sidney, B.C.

Location: Beaufort Sea
Project: Pack Ice Thickness and Climate Study / Mackenzie Shelf Gas Hydrate Study
Party Chief: Melling H.
Platform: Sir Wilfrid Laurier
Date: 29 August 2003 –23 September 2003
Processed by: Germaine Gatien

Date of Processing: 23 February 2004 – 15 October 2004
Number of original CTD casts:  73 files
Number of casts processed: 72
Number of rosette casts processed: 60
INSTRUMENT SUMMARY
A SeaBird Model SBE-25 CTD (#0293) was mounted with Transmissometer 139, SBE 43 Dissolved Oxygen Sensor S/N #0052 and Seapoint Fluorometer S/N #2336 with a 30X cable. The deck unit was an SBE-33, S/N unknown. The oxygen sensor was mounted on the pump. The fluorometer was unpumped. The pressure sensor is rated for 1500db.
SUMMARY OF QUALITY AND CONCERNS
The file names were non-standard.
Times in casts 1-11 were originally in PDT; they were converted to UTC. After cast #11 the NMEA started working and times are in UTC.

The bottles were fired during the upcast without stopping. The analysis to determine the effective vertical offset between the contents of the bottles and the level of the CTD measurements has not yet been done.
Fluorescence:URU:Seapoint – The data are nominal and unedited and occasionally off-scale.
Oxygen:Dissolved:SBE – This channel will not be archived at present because the recalibration techniques generally used are not applicable to bottles fired on the fly. When the analysis mentioned above is complete this channel could be recalibrated and added to the archive. 

The salinity from the SeaBird 25 is considered ±0.005psu except in extremely high gradient areas where errors are expected to be higher. The salinity channel has not been recalibrated. Based on a few deep bottles in low-gradient water, it is believed that the CTD is high by no more than 0.002psu. When the analysis mentioned above has been done, an offset could be applied.
The pressure gauge was a strain-gauge type and is considered ±1db.

PROCESSING SUMMARY
1. Seasave - This step was completed at sea; the raw data files have extension HEX.

2. Preliminary Steps
The file names had to be changed to standard format, except for file 2003-19-0073hex.hex; this file will be converted to determine what it is.
The Daily Log and rosette log sheets were obtained. There is mention of problems with bottles and the pump was replaced before cast #56. There was mud on the package on two occasions. 
There is a report on the cruise on file in the DATA_LIB archive.

Salinity bottle data were available, but the nutrient data had not been analyzed yet.

There was a small change to the configuration files used at sea between cast #11 and 12; nothing of significance has been changed in the calibrations, but after the change the NMEA started logging properly. Also the name BC was entered for the bottom sensor.
The cruise summary sheet was completed. 

3. Conversion of Raw Data
The configuration file 2003-19-ctd.con was prepared using 2003-19-0012.con but adding an offset of +0.6db to the pressure. That offset was found appropriate for 2003-18. Tests were done on a few casts and the surface seems to be at about -0.4db so an offset of +1.0db looks more appropriate. It can be fine-tuned later.
File 2003-19-0073hex.hex was converted and found to contain no “in-water” values. It will not be processed further.

The first attempt to convert the files did not work for casts 6 to 11. The hex files for those casts were copied to a different folder (since it is easy to kill hex files). Examining the file in Notepad, it was discovered that all the headers were concatenated. Separating them using a text editor in Notepad and using SAVE (not save as) produced files that could be converted. The data files were also run together, but this does not seem to be a problem. A folder named CTD-FIXED was created into which all the BL, CON and HEX files were written, and the bad HEX files were replaced by the edited copies. So there is a complete set of useful files in that folder.
All data was converted to CNV files (without salinity).

For an initial study Rosette files were converted (with salinity) taking the scan range data from the BL files and using a 0.1s window around firing time. This small window was chosen in order to get just one record per bottle since the rosette was fired on the upcast without stopping. COMPARE will be run in the usual way for a first look at salinity calibration. However, there is a question of how well the water in the bottles is flushed. If and when the analysis has been done to determine the effective depth of the water in the bottles, this step could be rerun, choosing a window that represents the level from which the water came. 
A few casts were checked and all expected channels look ok. The descent rate is quite steady and high.

4. WILDEDIT

This step is not usually used for SBE25 data and there is no evidence of the sort of spikes for which it would be useful, so it was skipped.
5. WFILTER

Cosine filters were run on pressure (window size 5), temperature (window size 5) and conductivity (window size 5) based on the results of 2001 Arctic cruises which used an SBE25. Plots were made of a few casts and the filter was found to have been effective. It smoothed the small steps in pressure and made a significant improvement in salinity. What problems remain may disappear after SHIFT. If not, we could return to this step and increase the conductivity window size.
6. CELLTM
Tests were run using a variety of parameter choices for CELLTM on casts #4 and 17. For both the best choice was (α,1/β) = (0.03,9) although there was not a lot of difference from several other choices. CELLTM was run on all casts using (0.03, 9.0).
7. DERIVE

Program DERIVE was run to calculate salinity.
8.  Conversion to IOS Headers
The IOSSHELL routine was used to convert both the CNV and ROS files to IOS Headers. 

Clean was run to add event numbers to the headers.

The outputs were named CLN and BOT respectively.

9. Checking Headers
The header check was run and no errors were found.

Track plots were produced and no errors found.
The surface routine was run and the average found to be +0.4db. The CTD was turned on out of water, so this is a reasonable result. The offset of +0.6db appears to be appropriate.
The header summary was run and it was found that although the time in the headers is said to be UTC, it was in fact PDT for casts #1 – 11, casts for which the NMEA was not working. To fix this, all CLN files were copied to *.ATC and the Add Time Channel routine was used to add 7 hours to the times of the first 11 casts. The same thing was done to the bottle files except the output of the add time channel routine was named BOT.
10. Test plots

Plots were made to check for any problems with processing. Typically the CTD was turned on a few minutes before being put into the water. During this period the pressure gradually goes down (change less than 1db). It was then soaked at about 3db for about 75s before a full cast with bottles fired on the fly. The only cast during which the CTD was lowered a second time was cast #7.
The transmissivity signal is zero near the surface for some casts, appearing to “turn on” during the soak period. It is lower and steadier on the upcasts than for the downcasts with at least one exception (cast #68). This is probably temperature related; cast #68 was deep so that the CTD was in water with temperatures above zero for a long time.
The DO sensor shows the usual time-response problems. 
The temperature and salinity look reasonably alike in up and downcasts except very close to the surface for some casts. 
The fluorescence went off-scale for a few casts; the range was 0-5 mg/l. The traces are very spiky.
The descent rate was generally steady. It was kept at about 1m/s for the deep casts, but lower for shallow casts, with 0.6m/s a typical speed. There are a few casts that are noisier and lower, such as cast #32, 65, and 90. Care will have to be taken in applying DELETE to casts #32 – 65, 72-76 and 84-94. 
Particular casts with problems are:

6: CTD stopped logging at about 50db during the upcast and cast #7 was run to get bottle samples at 50db. 

7: File includes two lowerings of the CTD to 50m, the first time the bottles didn’t close, so it was dropped again. 
79: There is a pressure spike at the surface at the end of the cast. 

12. SHIFT
Casts #4 (225db), 8(500db), 19(325db) and # 67(440db) were selected to study alignment.
Conductivity
During 2003-18 the conductivity was shifted by +1.0 records, with the optimal choice varying from +0.6 to +1.2 for individual features. Tests were run on this data using shift values from +0.4 to +1.4 records, and the results examined on a T-S curve after removal of the upcast data; the aim is to minimize instabilities without oversmoothing. Most of the significant unstable features in the unshifted data were just below the thermocline. Those were improved most with a shift of from +0.8 to +1.0 records. At depth similar values worked well for the few unstable features found, with +0.9 records looking best overall. The pump was changed between casts #55 and 56, but there is no sign that has affected the alignment.
SHIFT was run on all casts advancing the conductivity by +0.9 records.
Dissolved Oxygen Sensor
The differences between the downcast and upcast traces are attributable to transit time and response time lags. The former can be addressed by shifting the data. The latter can only be addressed in a limited way by recalibrating the downcast to match the upcast bottles, but only if there is a stop for bottles which was not the case for this cruise. To calculate the transit time plots were made of oxygen voltage, temperature and pressure at the surface. The difference was found between the time the Pressure and temperature start to increase and the time when the oxygen voltage starts to change. This took about 8 scans, or 1s. 

SHIFT was run on all casts advancing the dissolved oxygen by 8 records.

Fluorescence
The fluorometer was unpumped during this cruise; given the steady descent rates this was appropriate and there is no evidence of descent rate “noise” in the data.

During 2003-18, using the same equipment, the offset between upcast and downcast fluorescence traces was compared with the offset in the temperature traces and no significant difference was seen. During this cruise there does seem to be a difference of from 0.8db to 2db, which would suggest that a shift of from +3 to +8 records should be applied to the data. The only difference between these two cruises is that the fluorescence was generally lower and there were no stops for bottles during 2003-19. Given that the sensor was unpumped it seems unwise to shift the data. It is likely that the problem is one of the package carrying water from below during the upcasts. The better correspondence during 2003-18 would be because there were frequent stops during the upcast allowing the fluorescence to “catch up” from time to time. The downcast data are probably fine. The fluorescence will not be shifted. 
13. FILTER
A boxcar filter, size 5, was applied to the salinity channel.

14. DELETE
DELETE was run on all casts using the following parameters: 

Surface Record Removal: Last Press Min and Salinity less than 20psu in the top 20db. (For cast #89 the low salinity cut-off was turned off since too much data was removed.)
Surface Swell Pressure Tolerance: 1.0

Swells deleted. Warning message if pressure difference of 2.00

Drop rates < 0.3m/s (calculated over 9 points) was deleted from 10db to 10db above the maximum pressure.
Pressure was not filtered.

The sample interval was taken from the header
COMMENTS ON WARNINGS: All warnings were investigated and none indicate problems with the data.
15. DETAILED EDITING

CLIP was used to remove the top 3db of data which were extremely noisy; the CTD was soaked at about that depth for most casts. All CLIP files were copied to EDT files.

Page plots were produced and examined for spikes and instabilities and used to guide the use of CTDEDIT.  
Casts #66, 71 and 82 required no editing. Cast # 85 was less than 10db deep and appeared to be entirely corrupted by overturning and/or shed wakes. That CTD cast will not be archived. All other casts required some editing, mostly at the top and bottom of the casts. Records were removed that appeared to be corrupted by shed wakes. T and S were cleaned where there were small-scale instabilities that appear to be due to overturning caused by the presence of the ship; records were removed if the effects were large. Near-surface records were removed where the values were unstable. Salinity was cleaned where there were spikes or “overshoots” suspected to be due to misalignment of T and C. At the bottom of casts unstable features were left unedited if the descent rate did not indicate the likelihood of shed wake corruption. These features involved a temperature rise and salinity drop. The salinity drop may be due to poor alignment of the T and C channels, but in some cases it seems likely to be real. The most notable cases are casts 40, 56 and 61.
Note was made of the editing details in the relevant files. 
The edited files were copied to EDT files.
16. Calibration and repeatability checks
Sensor History – This CTD was used for 2002-22 but has been recalibrated since then. The only use since that recalibration was during 2003-18; the CTD was found to be high by an average of 0.002psu for the 3 bottles below 125db.
Bottle Comparison – Bottles were fired during upcasts with no stop. 
1. SALINITY – COMPARE was run using bottle files with just one data point per firing.

A lookup table was prepared. The sample numbers were added to the table based on the rosette log sheets. There were a number of bottles that were fired, but not sampled and these were removed from the table.  The table was used to add sample numbers to the BOT files with output SAM. These files were then put through SORT to ensure that they are in order of sample numbers and the output was named SAMSORT. The usual step of averaging on bottle number was skipped since the conversion method created only 1 record per bottle.
The SRT files, containing titrated DO and bottle salinity data, were merged with the SAMSORT files. 

COMPARE was run and as expected, there is more scatter than usual. Using 4 bottles from below 800db (in each case from the bottom of the cast) suggests that the CTD is high by about 0.002psu. From what little data there is, there is no evidence of time or pressure dependence. If the bottles flush very well, we would expect the CTD to be a little higher than the bottles, but not by that much in such a low gradient.
2.  SALINITY – individual bottle study. A study was made of the CTD data from the bottom of 7 deep casts and if we look through the bottom 5db of data, the CTD was almost always higher than the bottle with a range of differences (CTD-Bottle) as follows:
· Cast #8:   0.001 to 0.002

· Cast #9:  -0.03 (unbelievable bottle value)

· Cast #18: -0.001 to +0.001

· Cast #68:  0.001 to 0.004

· Cast #69:  0.001 to 0.003

· Cast #70:  0.001 to 0.003

· Cast #71:  0.000 to 0.002

The gradients were particularly low for casts #8 and #71. The bottom bottle for cast #71 was at 837.5db and had a salinity of 34.8723. The CTD read 34.8738psu at that level and 34.8734psu at 827.5db. So, if the bottle was well flushed the CTD is reading high by 0.0014psu. If the water in the bottle came from 10db above that firing level then the CTD is high by 0.0011psu. Salinity as low as that in the bottle is found in the CTD data about 30m above the bottle firing depth. Similar results were seen for cast #69. This study implies that the CTD is high by no more than 0.002psu. No recalibration will be applied now. If the analysis is done to determine the effective depth of the water in the bottles, recalibration should be reconsidered.
The following sample was identified as an outlier and flagged in the bottle file: sample 63 (cast 9). 

Severe outliers at casts #5, 10, 11, 12 and 16 are due to very noisy CTD salinity.

3. DISSOLVED OXYGEN – The upcast DO bottle data was compared with the CTD data at the time of firing. The CTD is low by about 0.8ml/l from 800db downwards. The differences are larger in the top 200db. It is likely that this is mostly due to calibration error since the DO gradients are quite low. (See 2003-19-comp1.dox)
The standard method of recalibrating DO data is to first compare the sensor with bottles fired after time for the sensors to equilibrate. This establishes the basic calibration. Then a comparison is done between the bottles and downcast DO to determine the error due to the time constant. (It is assumed that SHIFT corrects the transit time error.) However, since there were no stops except at the bottom, and even those were brief, there is insufficient information to use this technique. The sensor is believed to take from 5 to 10s to equilibrate. When an analysis has been done to determine the effective depth of the water in the bottles, it should be possible to do a comparison that leads to a single recalibration that includes both the basic calibration and time constant errors. For now, the channel will not be archived.
Comparison of nearby casts – Plots were prepared of nearby stations. Most were quite shallow and in areas of great variability. Casts # 69 to 72 were in deep water. At the bottom of these casts the salinity range along sigma-t lines is about 0.001 to 0.002psu, with temperature varying from 0.01 to 0.02Cº. Between casts #68 and 69 the differences in salinity along sigma-t lines is within the noise level of the instrument. Repeatability of the instrument appears to be satisfactory.
17. Recalibration
No recalibration was applied.
18. Final Plots
THIN and DERIVE were run to obtain values for tables and page plots were prepared using the edited data.

19. REMOVE
The bottom depth voltage (Userpoly0) was plotted and note was taken of any cast for which the data in the file comes to within 1, 3 or 5m of the bottom. That information will be entered into the header and the channel can now be removed from the files.
The following channels were removed from all casts: Scan_Number, Conductivity:Primary, Descent Rate, Userpoly0, Oxygen:Dissolved:SBE, Oxygen:Voltage:SBE and Flag.  

20. HEADER EDIT
Header Edit was used to fix formats and channel names and to add the following note to the headers.


 Salinity should be considered ±0.005psu.

Transmissivity and fluorescence are nominal and unedited except where records were removed in the course of editing temperature and salinity.

The output files were named CTD1 and CHE.
For casts #1, 4, 5, 9-21, 31-33, 53, 65 and 67 the following line was also added as a comment to the headers of both the CTD1 and CHE files:

The signal from the bottom sampler indicates that the CTD came within 3 and 5m of the bottom.
For casts 22, 25-27, 38, 39, 42, 46, 54-64 and 66 the following line was added as a comment:

The signal from the bottom sampler indicates that the CTD came within 1and 5m of the bottom.

For casts 23, 24, 37, 40 and 41 the following line was added: 
The signal from the bottom sampler indicates that the CTD came within 1 of the bottom.
The Standards Check routine was run and Header Edit adjusted until no errors remained.
21. Bin-averaging

All CTD1 files were averaged using 0.25m-bins. There are only 1 to 3 records in most bins. The output was named CTD.
22. Producing final files
a.) The final files were renamed CTD.

b.) A cross-reference listing was produced.
Particulars

1-11. NMEA not working
6. Last 50db of upcast not logged. Cast #7 completed the bottle cast. CTD probably touched bottom.
7. Two drops to 50m for bottles #11 and #12.

23. Mud sample

40. Mud on rosette, mostly on one side. Water in one bottle very muddy.
56. Before this cast a new pump was installed.
68. Syringe left on, brought up to surface and fixed. According to rosette log first half of data stored as 68a, but no such file was found, so must have been corrected.
73. Rosette hit bottom.

75, 77, 78, 80, 81, 82, 84, 95. Bottle fired for water collection but no relevant sampling done. No bottle files produced.
85. CTD cast less than 10db deep and corrupted by shed wakes; deleted.
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CRUISE SUMMARY

	Cruise ID#:    2003-19

	Dates:   Start: 29 August 2003                  End: 23 September 2003

	Location: Beaufort Sea

	Vessel:  Sir Wilfrid Laurier

	Party Chief: Melling H.


	CTD#
	Make
	Model
	Serial#
	Used with Rosette?
	CTD Calibration Sheet Competed?

	1
	SEABIRD
	25
	0034
	Yes
	Yes



CTD CALIBRATION INFORMATION
Make/Model/Serial#:
SEABIRD/SBE25/0293

Cruise ID#:

2003-19


	Calibration Information

	Sensor
	Pre-Cruise
	Post Cruise

	Name
	S/N
	Date
	Location
	Date
	Location

	Temperature
	4115
	21Apr01
	Factory
	31/12/02
	Factory

	Conductivity
	2607
	21Apr01
	Factory
	31/12/02
	Factory

	Fluorometer
	2336
	Aug01
	IOS
	
	

	Oxygen SBE43
	0052
	06Aug01
	Factory
	
	

	Transmissometer

	139
	23Apr01
	IOS
	
	

	Pressure 
	0464
	27Apr01**
	Factory
	27Dec02
	factory


** calibration not on file
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