REVISION NOTICE TABLE

	DATE
	DESCRIPTION OF REVISION

	15 Apr 2023
	Fixed PAD values and formats. SH

	12-Aug-2003
	Subtracted 0.0027 from the CTD primary temperature for all the CTD and Rosette files due to sensor drift suspected by Germaine and confirmed by Seabird. See file “Report on sensors 2023-1763.doc” in the DOC directory.


PROCESSING NOTES
Cruise: 2002-28

Agency: IOS, Ocean Science and Productivity, Sidney, B.C.

Location: BC Inlets

Project: BC Inlets

Party Chief: Stucchi D.

Platform: Vector

Date: 26 August 2002 – 2 September 2002

Processed by: Germaine Gatien

Date of Processing: 12 December 2002 – 21 January 2003

Number of original CTD casts: 58 (including one aborted cast and one upcast)

Number of casts processed: 56

INSTRUMENT SUMMARY
A SeaBird Model SBE 911+ CTD (#0585) was mounted with Transmissometer 333DR, SBE Dissolved Oxygen sensor (#0047) and Seapoint Fluorometer S/N #2366 with a 10X cable. The deck unit was S/N 0619. The fluorometer sensor was mounted on the secondary pump. There is no record of the oxygen sensor mounting in the log.

SUMMARY OF QUALITY AND CONCERNS
NOTE: Because of problems during this cruise the secondary pump and cable were replaced on this unit in early September. 

While there were very large differences between the primary and secondary temperature sensors, the primary pump and sensors appear to have operated reasonably well. There is evidence of flow-rate problems like those encountered in 2002-16, but the effect is less dramatic because the underlying temperature gradient is much lower.

The fluorometer was mounted on the secondary pump which malfunctioned. It appears that the problems were significant only below 250m, but the data should be used with caution. 

The data from the dissolved oxygen sensor continues to have poor time-response but is useful enough to go into the archive. Based on comparisons with bottles the oxygen should be considered:
· ±0.3 ml/l from 0 to 150m.

· ±0.15 ml/l from 150m to 200m.

· ±0.06 ml/l below 200m.

PROCESSING SUMMARY
1. Seasave

This step was completed at sea; the raw data files have extension DAT.

2. Preliminary Steps

The Log Book was obtained. 

Salinity calibration data was obtained. The cruise summary sheet was completed. 

The configuration files were obtained and the calibration constants were checked. An error was found in the pressure calibration section; either the serial number is wrong or the calibrations are wrong. The calibrations are correct if the serial number is 77511, which it is believed to be. Configuration file 0585CTD.con was created with that serial number and all other details the same as the files created at sea. The same problem occurred during 2002-16 when a check was made after conversion that the surface pressures were reasonable and the maximum pressures in agreement with the log book entries. No problems were found in the pressure data. 

There is no mention of the dissolved oxygen sensor in the log but it is included in the configuration file. 

There were many problems with this equipment during 2002-16. The pump was replaced at the beginning of this cruise and a cable was replaced during the cruise.

The conductivity sensor history was found.

3. Conversion of Raw Data

The raw data was converted using configuration file 0585CTD.con.

A preliminary check shows all expected channels present.

The oxygen data has shown a poor time response in the past, but has been repaired by SeaBird. The output will be compared with bottle oxygen to see if the data is of sufficient quality for the archive.

There are large differences between the temperature and conductivity traces and between up and downcasts; it is not clear which sensors are better. This will be explored in COMPARE.

The dissolved oxygen data still looks like the time response is poor. This will be explored more fully later.

4. WILDEDIT

Program WILDEDIT was used to remove spikes in the pressure channel only. Parameters used were: 
Pass 1    Std Dev = 2

Pass 2    Std Dev = 5

Points per block = 50

5. CELLTM

Tests were run on casts #10, 29 and 41 to find the optimal parameter choice for CELLTM. Runs using  (0.0245,9.5), (0.02,7), (0.02,9), (0.03,7), (0.03,9) and (0.02, 9.5) were used for (alpha, 1/beta). Comparing up and downcasts away from stops for bottles, the best choice was found to be (0.03,9) for both primary and secondary conductivity. CELLTM was run on all casts using those parameters.

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 and to calculate the descent rate. These were placed in a test directory and will not be archived.
7. Test Plots and Channel Check

Three deep casts (#34, 48 and 55) were plotted to check for agreement between the pairs of T and C sensors. They all showed evidence of serious problems with the CTD. It is likely that the pump was not working well below 300db. Three other casts (#10, 18 and 49) were examined and the differences found were as follows: 

	Cast #
	Max. Press
	T1-T0 
	C1-C0
	S1-S0
	Descent Rate

	10
	250
	-0.005
	~0 very noisy
	+0.005
	High, quiet

	18
	320
	-0.004
	~0 very noisy
	+0.004
	High, quiet

	49
	250
	-0.005
	~0 very noisy
	+0.005
	High, quiet


Compared to 2002-16 the temperature differences are higher and the salinity differences similar. This is likely to be at least partly the result of the different depths of the observations since 2002-16 had some very deep casts. It was noted during 2002-16 that there was some pressure dependence in the conductivity and salinity differences probably due to problems in the secondary channels.

During 2002-31 which followed this cruise the temperature differences were similar and the salinity differences lower.

The peak transmissivity is about 87% (0.25m path length) and the fluorescence at depth is about 0.08μg/l.

The SBE time response problem is still obvious, but less severe than before the instrument was repaired.  

8. Conversion to IOS Headers

The IOSSHELL routine was used to convert SEA-Bird 911+ data to IOS Headers.

The ROS files were converted to IOS files, and the extensions were changed to BOT.

9. Checking Headers

A header summary and a header check were produced. No errors were found in the headers.

The average surface pressure is 2.1db. 

The cruise track was plotted and looked reasonable.

10. Test Plots

Many casts were plotted and checked for similarity of primary and secondary sensors and for evidence of problems with the processing or instruments. There are many problems, probably caused by a malfunctioning secondary pump. The secondary data below 300m is generally bad. 

All casts were checked to ensure that the primary sensor data looked similar during down and upcast. The fluorescence, dissolved oxygen and transmissivity were also checked. The oxygen time response looks poor. 

The dark value for the fluorescence vary greatly. For many it was about 0.08μg/l, but it was significantly higher for casts 3,9,26,37,45 and 47. Cast #47 looks bad in general. The secondary pump was not working well at depth, which probably explains these results. The values from the top 100db are probably ok, but note should be made in the headers that there were problems with the pump and the channel should be removed from cast #47.

11. SHIFT

In this data set there were few large salinity spikes since the temperature gradients were fairly small, but a few of the deeper casts did show some evidence of minor misalignment. For fine-tuning the alignment of conductivity and temperature, a test was run on cast #5 shifting the primary conductivity by –0.2, -0.3, -0.4, -0.5, -0.6 and –0.8 records. All settings reduced some unstable features in salinity, but some problems result when the larger offsets are used – small instabilities begin to appear elsewhere and some features may be oversmoothed. In previous use of this equipment –0.4 records was used and that choice seems appropriate here as well. 

12. DELETE

CLEAN was run to replace pad values in pressure with interpolated values.

The following DELETE parameters were used: 

 
Surface Record Removal: Last Press Min 

   
Maximum Surface Pressure (relative): 10.00


Minimum Salinity: n/a  
Pressure Tolerance: 1.0

Pressure filtered over 15 points

 
Swells deleted. Warning message if pressure difference of 2.00

 
Low Drop Rate feature was turned off since the descent rate was high and quite steady except at the top and bottom.

 
Sample interval =  .042 seconds.

COMMENTS ON WARNINGS: The only warning concerned cast #8 which contained upcast data only and will be deleted.

13. COMPARE

The BOT files were examined for errors and none were found.

COMPARE was run first on salinity. When only bottles from 200 db downwards are included in the fit and 2 outliers rejected, the primary salinity was found to be low by 0.0011. There is remarkably little dependence on pressure or time. To achieve a reasonably flat fit for the secondary sensors it was necessary to reject 11 outliers below 200 db; these were very obvious, requiring no difficult decisions. The secondary salinity was then found to be high by 0.0019. There is a suggestion of time-dependence in the secondary, but there is so much scatter that rejecting a few more points might well remove this impression.  The earlier observation of large differences between the primary and secondary values for some casts appears to be due to poor secondary data, probably due to the pump since both temperature and conductivity are different. (See 2228comp.xls for details.) 

Bernard Minkley was informed about 2 salinity samples that appeared to be bad.

COMPARE was run on the dissolved oxygen data as well. The results (2228oxy1.xls) show that the calibration of the SBE is steady with respect to pressure and time. The SBE dissolved oxygen was low by about 0.093ml/l. This only measures the calibration when the CTD was stopped. There remains the obvious problem with the time response of this instrument.

14. ALIGNMENT TESTS

The study of one cast from 2002-31 suggests that a shift of about 220 records (~9s) makes the upcast and downcast overlie each other in about the same way as up and downcast temperature do. We cannot do the same kind of estimate for this data since there were bottle stops on the way up for every cast. 

To see if a similar value would fit the 2002-28 data SHIFT was used to advance the dissolved oxygen channel by 160, 200, 220, 240 and 260 records, which are roughly equivalent to 7,8,9,10 and 11s. After shifting, all data was put through bin-averaging, thinned to the depths used for most of the bottles and exported as a spreadsheet for comparison with titrated upcast oxygen. Shifting the data in this way still leaves an average error of ~ –0.08. When the calibration offset of 0.093 ml/l is added, the resultant errors are ~ +0.01, i.e. the SBE oxygen from downcasts is about 0.01 ml/l higher than the upcast bottles. This is only a slight improvement over the case with no shift, when the average difference was +0.017. The error goes down gradually as the shift interval is increased, but the differences are so slight that increasing the shift until the average error is zero would require a shift of at least a further 20s. The problem is that we do not know that the error should be zero. The bottles may not contain water from exactly the depth measured by the SBE sensor. The standard deviation is at a minimum for a shift of 240s. So perhaps the difference of –0.01 ml/l is a real difference between sensor and bottle. There remains the question of whether the same shift should be used for all depths. A brief analysis suggests that +240 records is best for the top 100m and good for 150m downwards. Between 100m and 150m a shift of 160 records or less seems very slightly better, but the difference is not large enough to justify using different values for different depths. (See 2228_dox_comp.xls.)

Looking at two casts of maximum pressures 262 db and 750 db it was found that the average gradients were –0.025 and –0.006 db. So an average difference of 0.01 amounts to a difference in depth of from 0.4m to 1.6m. This is believable especially given the calm conditions under which these samples were gathered. The horizontal currents were strong which complicates the issue. But it may be unreasonable to expect the bottles and CTD to see the same water. Using the minimum standard deviation as a standard is probably the best method of identifying the appropriate shift, though the differences are very slight. 

Running COMPARE on thinned downcast data shifted by +240 records produced very similar results to the run done on the upcast data with the average of points in the fit of differences being –0.086 ml/l. (See 2228Shtc.xls.)

So using SHIFT of +240 records and applying an offset of +0.093 produces the overall best results. The standard deviations indicate that we should consider the results

±0.3 ml/l in the top 150m 

±0.15 ml/l from 150m to 200m

±0.06 ml/l below

15. DETAILED EDITING

The primary sensors were chosen for further processing because of the poor comparison with bottles for the secondary sensors. 

Page plots were produced using T0,S0. These plots were examined for spikes and instabilities and used to guide the use of CTDEDIT. This data contained a lot of very small salinity spikes (most <0.1) that may be due to flow-rate problems or instrumental noise. (Similar problems were encountered during 2002-16, but since the temperature gradients were much higher then, the effects were more dramatic.) Spikes were cleaned only if it was clear they were due to such problems and that metre-averaging would not do as good a job.

The descent rate was generally high and steady, so the only shed wake contamination was near the surface or bottom, and even that was minimal.

All casts required a little editing except the following: 16,44,46,49.

Note was made of the editing details in the relevant files. 

16. MERGE

The decision to align the SBE dissolved oxygen data was made after the other data had been edited. See section 14 for details on the alignment of oxygen. 

The dissolved oxygen data was processed separately, without editing, using the following steps: 

· SHIFT (+240 records) was run on the CLN files.

· DELETE was then used with the same parameters as for the other channels (see section 12).

· MERGE was run to combine the EDT files (primary) with the DE1 files (secondary) so that the dissolved oxygen data was added. Merge parameters were chosen so that any records removed in editing salinity will also be removed from the oxygen data (Merge Scheme: Use linear interpolation to calculate secondary file values for every primary record; Overlap Scheme: Keep the primary values.)

17. SPECIAL FLUOROMETER PROCESSING

At this point a set of edited files with data from the top 100db only was created using the IOSSHELL routine CLIP.

For the data to go into the archives a median filter, size 11, was applied to the Fluorescence:URU:Seapoint channel to reduce spikiness. A few plots were checked before and after this step, and the filter was found to be effective in removing spikes without oversmoothing.

There are some large spikes in fluorescence at depth that are likely due to problems with the secondary pump. Casts #3, 4, 32 and 50 were edited lightly to remove spikes. The fluorescence channel was removed from cast #47 because the values were high at depth.

A comparison was made between the fluorescence and the extracted chlorophyll data prepared by Melanie Quenneville. Data from night-time casts show an average ratio of Fluorescence/Extracted Chlorophyll of 1.6. When only fluorescence values of less than 10 are included, the slope of Fl vs CHL is about 1.2. (See 2228_fluor.xls.)
18. BIN AVERAGE

The following Bin Average values were applied to the edited files:

Bin channel = pressure



Averaging interval = 1.000
Minimum bin value =   .000

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

The same values were used for the BOT files except that the Bin Channel = Bottle Number.

After averaging, page plots were examined on screen and no further editing was deemed necessary. 

19. Other comparisons

Previous experience with these sensors – The sensors were used during 2002-16 when there was a lot of noise in salinity probably due to pump problems. Both salinity channels were found to be higher than the bottles, by 0.0015 for the primary and 0.005 for the secondary. During 2002-31 the primary salinity was high by 0.0008 and the secondary by 0.0037. 

Historic ranges – All casts for which local climatology is available fit within the historic ranges.

20. Recalibration

The SBE dissolved oxygen data was recalibrated by adding 0.093 ml/l.

The fluorescence data will be archived but is nominal.

The salinity calibration during 2002-28 was based on many deep bottles in low temperature-gradient water. Thus it is might be considered more reliable than the bottles from 2002-31. However, it is possible that the conditions were so calm that the bottles didn’t flush well and contain water from a little deeper than that sampled by the CTD. Since 2002-28 found primary salinity low by 0.001 and for 2002-31 it was high by about 0.001, it was decided to not recalibrate either data set. The errors are very small in either case.

File 2228rcal.ccf was created to recalibrate the SBE:Dissolved Oxygen by adding 0.0093 ml/l. 

COMPARE was rerun to confirm that calibration was done properly and the differences were ~0.0002. (See 2228oxy2.xls)

A few casts were examined to ensure that SHIFT had aligned the oxygen properly.

The clipped CTD files and BOT files were recalibrated for the use of Angelica Pena.

21. Final Plots

THIN and DERIVE were run to obtain values for tables and page plots were prepared using the edited data.

Profile plots were produced with temperature, transmissivity, fluorescence and SBE:Dissolved Oxygen.
22. REMOVE and REORDER

The following channels were removed from all CTD and bottle casts: Scan_Number, Temperature:Secondary, Salinity:T1:C1, Conductivity:Primary, Conductivity:Secondary, and Flag.

The Fluorescence:URU:Seapoint channel was removed from cast #47.

The channels were reordered and formats corrected as needed. 

The Standard Check routine was run and no problems found.

The Change Units routine was run on CTD and bottle files to add the channel: 

Oxygen:SBE:Mass (umol/kg)

CLEAN was run to remove the extra SeaBird headers from the merged files.

EDIT HEADERS was used to add the following notes to the CTD files:
Fluorescence:URU:Seapoint – The secondary pump was not operating

properly, but the problem is believed to be significant only below 250m. 

The data is nominal.
Oxygen:Dissolved:SBE – This channel was processed by shifting +240

records with respect to pressure before removal of any records. An offset

of  +0.093 ml/l was applied based on bottle comparisons. The comparison

of bottles with downcast data has large standard deviations suggesting 

errors on the order of:  

· ±0.3 ml/l  from 0 to 150m

· ±0.15 ml/l from 150m to 200m

· ±0.06 ml/l below 200m.

The final files were named CTD and RAC. 

23. Producing final files

A cross-reference listing was produced.
The conductivity and oxygen sensor histories were updated.
Particulars 

7. Acquisition stopped during upcast.

8. Upcast corresponding to cast #7.

32. Log Note: Possible problem at bottom – something sucked into pump?

32-34. Problem with secondary temperature and conductivity, most noticeable below 300db.

36. Delete, cast restarted as #37.

47. Fluorometer data looks bad – high values at depth. Channel removed from this cast.

48. Pump problems, primary.

53. Serious pump problem from 300m down.

55. CTD hit bottom. Secondary T and C bad for part of upcast.
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CRUISE SUMMARY

	Cruise ID#:    2002-28

	Dates:   Start:  26 August 2002                   End: 2 September 2002

	Location: BC Inlets

	Vessel:   Vector

	Party Chief: Stucchi D.


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

	1
	SEABIRD
	911+
	0585
	Yes
	Yes
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CTD Calibration Information

Make/Model/Serial#:
SEABIRD/911+/
0585



Cruise ID#:

2002-28


	Calibration Information

	Sensor
	Pre-Cruise
	Post Cruise

	Name
	S/N
	Date
	Location
	Date
	Location

	Temperature
	2023
	11/09/01
	Factory
	
	

	Conductivity
	1763
	17/07/01
	“
	
	

	Secondary Temp.
	2106
	18/09/01
	“
	
	

	Secondary Cond.
	1764
	14/09/01
	“
	
	

	Fluorometer –pumped
	2366
	07/01
	IOS
	
	

	Transmissometer
	333DR
	01/08/01
	IOS
	
	

	Pressure Sensor
	77511
	13/03/00
	Factory
	
	


