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PROCESSING NOTES
Cruise: 2006-25
Agency: IOS, Ocean Sciences Division, Sidney, BC
Location: Queen Charlotte Sound, WCVI 
Project: Acoustics
Party Chief: Romaine S.
Platform: J.P. Tully
Date: August 15, 2006 – August 29, 2006
Processed by: Germaine Gatien

Date of Processing: 17 December 2006 – 1 February 2007
Number of original CTD casts: 61
Number of CTD casts processed: 61
Number of rosette casts: 14
Number of rosette casts processed: 14
INSTRUMENT SUMMARY
A SeaBird Model SBE 911+ CTD (#0443) was mounted with a Chelsea/Seatech transmissometer (#723DR), a PAR sensor (#4656), a surface PAR sensor (#16504) and an Altimeter OA-916D (#1024). A SeaBird dissolved oxygen sensor (#0766) and a Seapoint Fluorometer (#2356) with a 10X cable were mounted on the pumps. The deck unit is unknown. The salinometer was an 8400B model Autosal (S/N 68572).
SUMMARY OF QUALITY AND CONCERNS
The CTD Daily Log Book and rosette log sheets were available.

Discrete sample numbers had not been assigned on the rosette sheets so consecutive numbers were assigned later by Wendy Richardson based on information on the rosette sheets. However, no rosette sheets were prepared for single bottles fired for salinity calibration during 6 casts; for those, sample numbers were assigned by Germaine Gatien (sample numbers 901 to 906). 
At the time of processing, the titrated dissolved oxygen data were missing and assumed lost. 
Most stops for rosette sampling lasted about 30s, but some were shorter. All salinity samples came from 500db which means there can be no analysis of pressure dependence in the calibration; this is unfortunate because this is a diagnostic for damage to conductivity cells.
The SBE dissolved oxygen data were recalibrated based on the results of 2006-29 and errors are assumed to be higher than for that cruise to allow for sensor calibration drift. The SBE dissolved oxygen data in the CTD files should be considered:
  •
±0.6ml/l from   0 - 200m

  •
±0.25ml/l below 200m

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

2. Preliminary Steps

The Daily Log Book and Rosette Log were obtained. 
The nutrient and salinity data were each obtained in spreadsheet format. 
There was no chlorophyll sampling.

The SBE dissolved oxygen bottle data were missing and presumed lost.
The CTD calibrations were checked, errors were corrected in the PAR sensor parameters and the file saved as 2006-25-CTD.con.
The cruise summary sheet was completed.
The histories of the conductivity, DO and pressure sensors were obtained.
3. Conversion of Raw Data

The files were converted to CNV files.
Plots were produced for a few casts to check that all variables were reasonable.
The descent rate was highly variable; it was generally very noisy and varied from very low to very high; for many casts the rate was low near the surface and steadily increased with depth.
Some bottle stops were less than 30s long, and there was a lot of motion of the CTD during many stops.
The temperature and conductivity channels are fairly close during downcasts, but significantly different during upcasts.
Transmissivity shows reasonable agreement between downcast and upcast.
As has been observed with this particular sensor since it was last repaired, the dissolved oxygen looks good with upcast and downcast offset vertically, but with less hysteresis than was observed in the past.
The fluorescence, PAR and altimeter traces look ok, the latter being less noisy than usual for most casts. 
The dark value of the fluorescence is about 0.065ml/l.

Rosette files were converted using a start time of -2s and duration of 5s.
All files were then converted to IOS HEADER format and the extensions were changed to BOT. All BOT files were plotted and no significant outliers were found.
4. WILDEDIT

Program WILDEDIT was used to remove spikes from the pressure, temperature and conductivity channels only.  
Parameters used were: 
Pass 1    Std Dev = 2
Pass 2    Std Dev = 5 
Points per block = 50
5. CELLTM

Three casts with a steady descent rate were studied to determine the choice of parameters for CELLTM. Settings of (0.01, 7), (0.01, 9), (0.02, 7), (0.02, 9), (0.03, 7), (0.03, 9) and (0.0245, 9.5) were tried. A choice of (0.03, 7) was best for both channels though there was not a huge difference between some of the settings and the secondary channels were so noisy it was hard to judge.
CELLTM was run using (0.03, 7).
6. DERIVE

Program DERIVE was run twice: 

on all casts to calculate primary and secondary salinity.

on all casts to calculate the differences between primary and secondary channels for temperature, conductivity and salinity. These were placed in a test directory and will not be archived.
7. Test Plots and Channel Check

A sample of casts was plotted to check for agreement between the pairs of T and C sensors. 
	Cast #
	 Press
	T1-T0 
	C1-C0
	S1-S0
	Descent Rate

	13
	450
	-0.0025
	-0.00004
	+0.0022
	Moderate, steady

	23
	450
	-0.0022
	~0 
	+0.0022
	Moderate, steady

	43
	375
	-0.0022
	-0.00002 
	+0.002
	Moderate, steady


Cast #90 was also examined but the differences became very odd below 420db. Examination of the data showed that secondary temperature and salinity were both bad at that depth. The secondary conductivity was also bad during part of cast #23.
The temperature differences are larger than usual but similar to those of 2006-11. A deep cast (#39 to 425db) was also examined to see if the salinity differences show significant pressure dependence and they do not.
8. Conversion to IOS Headers

The IOSSHELL routine was used to convert SEA-Bird 911+ CNV files to IOS Headers. 
CLEAN was run to add event numbers based on the file names and to replace pad values in the Pressure channel using linear interpolation based on scan number.
9. Checking Headers

The header check was run and errors in position found for cast #93. The SeaBird position/time headers were scrambled, so this was corrected in the CNV file and ROS files which were then reconverted cleaned. There were no station names so those were added manually before proceeding further.
The header summary was run and checked carefully against the log book entries and one error in station name was found and corrected.
Track plots were produced and no errors found, so they were added to the end of this report.
The average surface pressure is ~1.7db which is a little low for the Tully and there are a few negative values. Several casts were examined in detail. In one case data from -0.2db look like the CTD is either in-water or very close and in another -0.1db looks like the surface. So any error is slight. No recalibration will be applied, but this sensor should be watched for further drift. 
The altimeter values were exported to a spreadsheet; a few casts were examined and the algorithm was found to have worked well.
10.  BOTTLE FILE PREPARATION

There are problems with sample numbers since discrete numbers were not assigned. Wendy Richardson has assigned consecutive sample numbers to those bottles listed on the rosette sheets. However, there were salinity samples taken from single bottles at 6 casts and there are no rosette sheets for these. For those sample numbers 901 through 906 were assigned.

The BOT files were averaged to enable an addsamp file to be created. This file was edited to add sample numbers as described above and the file was then converted to CST files to form the framework for the bottle files. Sample numbers were added to the BOT files (output: SAM) which were then bin-averaged (SAMAVG) on bottle number.
The salinity data were provided in EXCEL format with flag and comment channels. Channel names were changed to standard format and the file was saved as 2006-25-sal.csv. The sample numbers were adjusted as mentioned above and the data were then converted to individual cast files. 

There was no extracted chlorophyll or dissolved oxygen bottle data.
The nutrient data were provided in spreadsheet format with flag channel and comments. Channel names were changed to standard format and lines with no sampling were removed; the files were saved as 2006-25nuts.csv. The file was then converted to individual NUT files. 
The SAL and NUTS files were merged with the CST files in two steps. (Output: MRG1, MRG4.)
The MRG4 file was put through CLEAN to reduce the headers to File and Comments. Those files were then merged with SAMAVG files (MRG) and then put through CLEAN to remove SeaBird headers and comments from the secondary files. (MRGCLN2) 
11. COMPARE 
Salinity 
COMPARE was run and the following outliers were identified:

Sample #901, cast 10 – mild outlier for both sensors, flagged “c”
Sample #1, cast 14 – severe outlier compared to primary, CTD noisy, no flag

Sample #906, cast 25 – severe outlier for both, CTD ok, flagged “d”

Sample #48, cast 90 – severe outlier for secondary, CTD looks bad, no flag

Sample #73, cast 96 – severe outlier for both, bottle flagged “d”
For each of these samples a note was put in the header of the relevant bottle file.
There were only samples from around 500db so no comment can be made on pressure-dependence in the comparison. This is unfortunate as that is used as a diagnostic of damage to the conductivity cells. When differences are plotted against time there appears to be a variation with time, but it is almost identical for the two pairs of sensors, so this is unlikely to be a problem with the CTD calibration. It may reflect drift in either the salinometer or room temperature drift as the samples were analyzed in order of cast number. 
A few stops were examined in detail to see if the stops were long enough. Most were at least as long as 30s, but a few were shorter. For many stops the descent rate was extremely noisy during the stops and salinity was therefore noisy, but the variations are not large enough to explain the extreme outliers. All the bottles are from the bottom of casts which has proved to be a problem in the past, but in only one case did the cast go close to the sea floor, so this is unlikely to explain the outliers. 
When outliers are excluded the primary is low by 0.0009 and the secondary is high by 0.0013. 
Dissolved Oxygen

The dissolved oxygen calibration data for this cruise have been lost.  Calibration will have to be based on the results of other cruises.
11. Other Comparisons
Previous experience with these sensors – 
· Both conductivity sensors were used for 4 other cruises this year: 2006-08, 2006-11, 2006-10 and 2006-21 in January, April and 2 in June. The bottle comparisons indicated that the primary salinity was within 0.0013 of the bottles for the first, low by 0.0008 for the second, within 0.001 for the third and high by 0.005 for the fourth. The fourth had a lot of scatter and the results were not trusted. The secondary salinity was found to be high by 0.0035, 0.0014, 0.0031 and 0.007 respectively and again the final result was not trusted.
· This DO sensor was used for 2006-08, 2006-11, 2006-10, 2006-21 and 2006-29. 2006-08 was a very complex processing job as an error was made in the identification of the sensor so calibration was done twice. However, an analysis of one cast shows that the relationship was something like:
DOX-BOT = 1.08 DOX-CTD - 0.005   (2006-08)       
For the next two cruises the results were excellent with tighter fits than seen in the past

DOX-BOT = 1.0663 DOX-CTD + 0.0783 with an offset of -0.03ml/l applied as a second calibration (2006-11 April)
DOX-BOT = 1.0606 DOX-CTD + 0.1138 with an offset of -0.017ml/l applied as a second calibration. (2006-10 June)            

For the second June 2006 cruise the fit was:

DOX-BOT = 1.0866 DOX-CTD + 0.0412 (2006-21)

and a pressure dependent second recalibration was applied. This comparison was considered unusual possibly due to some unusually short bottle stops.
For 2006-29 (September) the stops for bottles were very short and the fit found was:
DOX-BOT = 1.0968 * DOX-CTD + 0.0931

with an offset of -0038ml/l applied in a second recalibration. 
Historic ranges – There were some excursions from the historic ranges with salinity around 500db being a little high for the stations that were farthest offshore. It was also slightly high in the top 100db for a few casts of the LBP line. Temperatures were a little high near the surface for cast #1. It is likely that the excursions reflect real conditions since the local climatology contains no data after 2003. Salinity was high and temperature low near the surface of cast #101, but in this case the historic range looked very odd.

Post-cruise calibration – In December 2006 post-cruise calibrations became available and show virtually no drift in the primary conductivity. The secondary produced salinity that was low by about 0.0013 but the drift is likely to have been slightly less at the time of this cruise.
13. SHIFT

Fluorescence
The method generally used to find what shift is needed for the fluorescence is to examine upcast and downcast profiles to determine the vertical offset of the temperature and fluorescence traces. The differences between these two offsets are treated as a measure of how much the fluorescence needs to be shifted. The “excess” offset for the fluorescence was divided by the averaged descent/ascent rate and divided by 2(since the shift will be applied to both up and downcast) to find the shift (in seconds) to remove that offset. Values found ranged from 0.8 to 2.2s with most values close to 1s which is the shift that has been used in most other cruises. All data were shifted by +24 records and a few casts were checked afterwards and found to be shifted appropriately.
Dissolved Oxygen
Based on the recent results from this instrument, tests were run using +90, +100, +110 and +120 records on three casts. Judging by how the downcast vs upcast trace offset compares with that of temperature, the best choice overall appears to be to advance the DO channel by either +100 or +110 records (~4 to 5s). A choice of +110 records was found best for 2006-08, 2006-11 and 2006-21, so that shift was applied to the DO channel for all casts. After this step a few casts were plotted and the results are good; the offset between downcast and upcast features in DO looks much like those for temperature.
Conductivity
Tests were run on two casts with a fairly steady descent rate to determine the best shift of the conductivity sensors based on reduction of instabilities in salinity without oversmoothing. The best settings ranged from -0.5 to 0 records for the primary sensor which is the same result as found during 2006-08, 2006-11 and 2006-21. The secondary conductivity also looks best with a shift of -0.2 records. SHIFT was run to advance both conductivity channels by advanced by -0.2.
12. DELETE

The following DELETE parameters were used: 

 
Surface Record Removal: Last Press Min
   
Maximum Surface Pressure (relative): 10.00 

Surface Pressure Tolerance: 1.0                  
Pressure filtered over 15 points

 
Swells deleted. Warning message if pressure difference of 2.00

 
Drop rates <   0.30m/s (calculated over 11 points) will be deleted.

    
Drop rate applies in the range 10db to 10db less than the maximum pressure 
 
Sample interval = 0.042 seconds. (taken from header)

COMMENTS ON WARNINGS: none
For some casts the CTD moved upwards after an initial soak. The files were checked after DELETE was run to ensure that the best data were selected for the near-surface water:
Cast #2 started at 8db and then the CTD was returned to the surface; DELETE worked properly.
Cast #37 needed to be edited and DELETE rerun.
13. DETAILED EDITING

The primary sensors are slightly closer to the bottles and were chosen for all recent cruises with this equipment; moreover there were some bad sections in the secondary data. 
Page plots were produced (using the primary temperature and salinity) and used to guide the editing. On-screen plots of descent rate and pump status were also used.
In editing the primary sensors were found to be bad for cast #14 so secondary channels were selected.
The following casts required fairly heavy editing: 1-3, 6-21, 23-25, 48-51, 84-90.
All other casts required only lightly editing. 
Note was made of the editing details in the headers of the relevant files. 

14. Initial Recalibration and Fluorescence Filter
Salinity will not be recalibrated. Previous uses of the primary sensors suggest they are within 0.0013 with the exception of one cruise during which there was a lot of scatter in the comparison. They were found to be high sometimes and at other times low. From this cruise the average difference suggests that the salinity is low by 0.0009. The post-cruise calibration shows no drift. The secondary sensors were used for cast #14 only. In previous use these sensors have been found to produce salinity that is consistently a little high. However the post-cruise calibration suggests the salinity is slightly low. In the absence of post-cruise temperature calibrations recalibration of salinity seems unwise, and likely unnecessary.
Given there is no calibration information for SBE Dissolved Oxygen, we would normally choose to apply the results of another cruise from about the same time. We have available 2006-21 in June and 2006-29 from September, but both cruises had some very short bottle stops and sampled a different region from this cruise. Cruise 2006-29 was closer in time so the following corrections will be selected: 
DOX_BOT = 1.0968 * DOX_CTD + 0.0931 (2006-29-recal1.ccf)
DOX_BOT = DOX_CTD -0.038 (2006-29-recal2.ccf)

The edited downcast files, EDT, were recalibrated using 2006-25-recal1.ccf  to apply the above correction to DO for all casts. (Output:COR1)
The COR1 files were clipped to 100db and set aside to be processed later for Angelica Peña.

A median filter, fixed size=11, was applied to the fluorescence channel in the COR1 files to reduce spikiness. One cast was examined before and after this step and showed that the filter was effective. (Output: FIL)

15. BIN AVERAGE of CTD files
The following Bin Average values were applied to the FIL files (output AVG):

Bin channel = pressure



Averaging interval = 1.000
Minimum bin value =   .000


Average value will be used.
Interpolated values are NOT used for empty bins.

After averaging, page plots were examined on screen and no further editing was deemed necessary.
Profile plots were made of Fluorescence, Transmissivity, Dissolved Oxygen and PAR. Spikes in Fluorescence at the bottom of cast #24 were removed using a text editor (3 bad records were replaced with pad values.) No other problems were noted.
16. Final DO comparison and calibration
SHIFT addresses errors due to transit time, and recalibration based on comparison with titrated samples corrects errors due to drift in calibration. But there remains an error due to poor time response of the sensor. To analyze that, a comparison is made between the downcast values at the depths of bottles and the titrated DO values. 

File 2006-25-recal2.ccf was applied to the AVG files to lower the SBE dissolved oxygen by 0.038ml/l as was found appropriate for 2006-29. The bottle files were not recalibrated since this error does not apply to data collected while stopped. (Output: COR2) 
The estimate of errors in the SBE DO is based on those of 2006-29 with an added error based on a very rough guess of the likely effects of calibration drift between the two cruises. 
17. Special Fluorometer Processing

All COR1 files were put through CLIP to produce files with data to 100db only for the use of A. Peña. 
Those files were then bin-averaged (1/4db bins), recalibrated suing 2006-25-recal2.ccf and put through REMOVE to remove extraneous channels. HEADEDIT was run to fix formats and channel names and the final files (FCTD) were saved in a separate directory. 
A second set of files (FCTD2) were prepared in exactly the same way except that the fluorescence data was put through a median filter with fixed width 11, before bin-averaging. 
There was no chlorophyll sampling so no upcast files were prepared.
18. FINAL CTD files steps (REMOVE and HEADEDIT)
For all casts except #14 the following channels were removed from the COR2 files: Scan_Number, Temperature:Secondary, Salinity:T1:C1, Conductivity:Primary, Conductivity:Secondary, Oxygen:Voltage:SBE, Descent_Rate, Status:Pump, Altimeter and Flag channels. (Output: *.REM)
For cast #14 the following channels were removed from the COR2 files: Scan_Number, Temperature:Primary, Salinity:T0:C0, Conductivity:Primary, Conductivity:Secondary, Oxygen:Voltage:SBE, Descent_Rate, Status:Pump, Altimeter and Flag channels. (Output: *.REM)

CHANGE UNITS was used to derive Oxygen:Dissolved:SBE in umol/kg.

REORDER was used to get the two SBE DO channels together.

HEADER EDIT was used to fix formats and channel names and to add the following comments:
Transmissivity and fluorescence are nominal and unedited except that 

some records were removed in editing temperature and salinity.

The recalibration sampling for Oxygen:Dissolved:SBE was lost so this data have been recalibrated based on the results of 2006-29 when the
same probe was used.

The dissolved oxygen data in the CTD files should be considered

•
±0.6ml/l from 0 – 200db

•
±0.25ml/l from 200 – bottom

The Standards Check routine was run and HEADEDIT adjusted until no further problems were found. The files were named CTD.
A final check on the dissolved oxygen values was done by calculating DO saturation. Plots show surface values ranged from ~70% to 90% for most near shore casts although a few of them were ~120%. In the offshore areas values range from ~90% to 110%. The lowest values were near Brooks Peninsula.
19. Final Bottle Files

The MRGCLN files were put through SORT to rearrange data with increasing pressure.

For all casts except #14 REMOVE was run to remove Scan_Number, Temperature:Secondary, Salinity:T1:C1, Conductivity:Primary, Conductivity:Secondary, Status:Pump, Oxygen:Voltage:SBE,  Descent_Rate, Altimeter and Flag for all casts.
For cast #14 REMOVE was run to remove Scan_Number, Temperature:Secondary, Salinity:T1:C1, Conductivity:Primary, Conductivity:Secondary, Status:Pump, Oxygen:Voltage:SBE,  Descent_Rate, Altimeter and Flag for all casts.

CHANGE UNITS was used to derive Oxygen:Dissolved:SBE in umol/kg.
REORDER was used to get the two SBE DO channels together.

HEADER EDIT was run to fix formats and units and to add a comment about quality flags and analysis methods. A note was added to the headers to indicate that the dissolved oxygen data were missing.
Standards check was run on all files and HEADEDIT adjusted until all format problems were resolved. The files were named CHE.
23. Producing final files

A cross-reference listing was produced for CTD and CHE files.

HEADER CHECK was rerun; no errors were detected.
The sensor history was updated for the CTD sensors.
. 
Institute of Ocean Sciences  
CRUISE SUMMARY
	Cruise ID#:    2006-25

	Dates:   Start: 15 August 2006              End: 29 August 2006

	Location: Queen Charlotte Sound, WCVI

	Vessel:  J.P. Tully                                            Party Chief: Romaine S.

	

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

	1
	SEABIRD
	911+
	0443
	Yes
	Yes


CTD Calibration Information

Make/Model/Serial#:
SEABIRD/911+/0443         Cruise ID#:

2006-25


	

	Sensor
	Pre-Cruise
	Post Cruise

	Name
	S/N
	Date
	Location
	Date
	Location

	Temperature


	2968
	01/02/05
	Factory

“
	
	

	Conductivity


	1766
	07/06/05
	“
	
	

	Secondary Temp.


	
2106
	08/07/05
	“
	
	

	Secondary Cond.
	1729
	12/07/05
	“
	
	

	Transmissometer
	723DR
	28/03/06
	Factory
	
	

	SBE 43 DO sensor
	0766
	24/11/05
	Factory
	
	

	Altimeter
	1024
	?
	?
	
	

	PAR
	4656
	11/02/03
	
	
	

	Fluorometer
	2356
	
	IOS
	
	

	Pressure Sensor
	63507
	25/10/2004
	Factory
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