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PROCESSING NOTES
Cruise: 2009-52
Agency: PBS, Marine Ecosystems and Aquaculture Division, Nanaimo, BC
Location: West Coast Vancouver Island
Project: Canada-US Hake Survey
Party Chief: Cooke K.
Platform: W.E. Ricker
Date: August 14, 2009 - 10 September 2009
Processed by: Germaine Gatien

Date of Processing: 20 July 2017 – 14 August 2017
Number of original HEX casts: 101 
Number of CTD casts processed: 100 
INSTRUMENT SUMMARY
A SeaBird Model SBE 911+ CTD (#0506) was mounted with a Seapoint Fluorometer (#2229) with a 10X cable, a transmissometer (#723DR) and an SBE43 Dissolved Oxygen sensor (#0047). 
SUMMARY OF QUALITY AND CONCERNS
The log book mentions concerns about the pressure readings from the CTD, but given the history of the sensor (both before and after this cruise) it seems more likely that the problems were due to the winch counter.
For many casts the pumps were not turned on until the CTD was at about 4db, but for events #22, 46, 52, 60, 76, 84 and 93 this didn’t happen until the CTD was much deeper. Records were removed where the pumps were not on; note was made of such deletions in the file headers. The pumps were never turned on during cast #77; the only reliable data from that file was pressure, so the file was not processed.

The transmissivity data looks reasonable up to cast #30. The sensor malfunctioned during cast #31 and for the rest of the cruise it produced no useful data. 

The quality of the salinity data is often of lower quality than usual, especially in the top 100m. It is likely that the problem is at least partly due to highly variable descent rates for the CTD with rapid changes from very high descent rates to complete reversals of direction. This affects the alignment of conductivity and temperature channels. Overall, the secondary channels looked better than the primary, but for events #49, #97 and #98 the secondary temperature and salinity data quality was very poor, so the primary temperature and salinity channels were chosen for archiving. Dissolved Oxygen data were also poor for those 3 casts, so that channel was removed. It appears that something was interfering with the secondary pump operation.
There was no calibration sampling. Recalibration of the dissolved oxygen sensor data was done by assuming that values had drifted lower by 2%.  This is based on experience with these sensors which always drift low and are typically corrected by increasing values by between 2% and 5%.
PROCESSING SUMMARY
1. Seasave
This step was completed at sea; the raw data files have extension HEX.
2. Preliminary Steps

The log sheets were obtained. 

No bottle sampling was done. 
The cruise summary sheet was completed. The histories of the dissolved oxygen, conductivity and pressure sensors were obtained. 
The configuration file used at sea had an error in the slope of the pressure sensor and the oxygen parameters were the old style (Owens-Millard). The file was corrected and saved as 2009-52-ctd.xmlcon. Nominal values were entered for the hysteresis parameters E, H1 and H3 since there has so far been no opportunity to fine-tune these parameters for this sensor. Given there was no sampling below 1000m this is of no importance.
 3. Conversion of Raw Data

All data were converted using the con file given above. 
There were two files for event #3; the second part contains only upcast data and will likely not be needed since there was no bottle sampling. 
A few casts were examined and all expected channels are present. 
The downcast temperature and conductivity are generally close, with noisier upcast data, as usual.

However, the upcast temperature and salinity for cast #7 look very bad, looking too smooth and values clearly bad. Fluorescence and transmissivity also show significant differences between the downcast and upcast for cast #7. The log mentions that an error light came on around 300m and off at 250m, but the problems are seen before and after that. 
During cast #61 it was noted in the log that the temperature channels were far apart and both cells were flushed afterwards. However, the differences were small during the upcast, so the problem was resolved before the flushing was done. During cast #62 the temperature channels were close.
There are many notes early in the cruise about discrepancies between the CTD pressure and wire out readings. The assumption was that the CTD pressure was out by between 5.7% and 20%. No problems have ever been mentioned about that pressure sensor before or after. The wire angle was low but it seems at least as likely that the counter was wrong as the CTD pressure being wrong. The pressure offset was adjusted about a year after this cruise, but that change was +0.8db, so applying it to this cruise would not improve the correspondence between wire out and pressure sensor significantly.
Transmissivity looks bad from casts #31 onwards. 
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. ALIGN DO
During the previous 2 uses of this sensor, advances of 2.5s, 2s and 4.5s relative to pressure were applied. After this cruise the sensor went to the factory and repairs were done.

Tests were done on a few casts applying a variety of settings to make the offset between the upcast and downcast DO channel close to that for the temperature. The noisy upcast data make this hard to judge, but an advance of 4.5s looks much too high and even 2.5s overdid the correction somewhat.
ALIGNCTD was used to advance the DO Voltage by 2s relative to the pressure.

6. CELLTM

CELLTM was run using (0.0245, 9.5) for both conductivity channels for all casts.
6. DERIVE

Program DERIVE was run twice: 


on all casts to calculate primary and secondary salinity and dissolved oxygen concentration; the tau correction was applied.


on the 3 deepest 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

Tests were run on the only casts to go to at least 1000m to find the differences between the pairs of T, C and S channels. Differences from the previous cruise are included for comparison, but none of the casts was deep enough for the differences to be trusted because in high vertical gradients minor misalignments are significant. 
	Cast #
	 Press
	T1-T0 
	C1-C0
	S1-S0
	Descent Rate

	2009-56-0009
	390
	+0.0004
	-0.00006
	-0.001
	very high, very noisy

	2009-56-0020
	390
	+0.0007VN
	-0.00007
	-0.0011
	very high, very noisy

	2009-56-0020
	790
	+0.0004
	+0.0001
	+0.0008
	very high, very noisy

	2009-56-0034
	390
	+0.0009
	+0.00004
	-0.0003
	very high, very noisy

	2009-56-0039
	390
	+0.0008
	-0.00004
	-0.0047  XN
	very high, very noisy

	2009-56-0040
	390
	+0.0006VN
	-0.00003
	-0.0049 N
	very high, very noisy

	2009-52-0003
	390
	+0.0010N
	-0.0002
	-0.004 N
	Very high, moderate

	
	1000
	+0.0005N
	-0.0001
	-0.0015 VN
	High, noisy

	2009-52-0007
	390
	+0.0008 N
	-0.0002
	-0.003 N
	High, very noisy

	
	1000
	+0.0006XN
	-0.00004
	-0.0015 XN
	High, very noisy

	2009-52-0013
	390
	+0.0005VN
	-0.0004
	-0.005 N
	High, very noisy

	
	1000
	+0.0006
	-0.0002
	-0.003 N
	High, noisy


The differences at 1000m are small. None of the later casts were deep enough to judge whether there was any time dependence in the differences that would suggest calibration drift. 

8. Conversion to IOS Headers

The IOSSHELL routine was used to convert SEA-Bird 911+ CNV files to IOS Headers. 
Cast #90 could not be converted until a bad record near the end was replaced with a pad value; the data in that section are from the upcast and full of bad values, but one was so large as to overflow the format.

CLEAN was run to add event numbers and to replace pad values in the Pressure channel using linear interpolation based on scan number.

9. Checking Headers

The cross-reference check was run and entries checked against the log book records. There were discrepancies in dates for the first 3 events and event #40, but these appear to be errors in the log book, not the headers. Similarly there were discrepancies in dates, but the errors appear to be in the log. There are a number of errors in the header station names and for event #1 there was no entry. After corrections were done the header check was rerun to ensure that all errors had been fixed and they were.
The header check was run and shows that there are many spikes in the data; most appear to be in the soak period before the pumps were turned on. 
The track plots (using event #s and station names) were produced and added to the end of this report.
The average surface pressure is 2.0db which is reasonable and the associated salinity values at 2db are clearly in water. There are some surface pressures <0.5db that are associated with very low salinity but the pumps may not have been on.
From this point onwards file 2016-52-0003a will not be processed.
10. SHIFT

Fluorescence
In the past it has been found appropriate to advance the Fluorescence by +24 records (1s) relative to the other channels. A few casts were examined to compare the offset between the upcast and downcast fluorescence with that of the temperature traces to ensure this setting is appropriate and +24s looks like a reasonable choice. 

A shift of +24 records (1s) was applied.
Conductivity
Tests were run on the primary and secondary conductivity channels using a variety of settings. There were variations from feature to feature but the best results overall were with a choice of -0.4 records for the primary and +0.6 records for the secondary. 
All casts were put through SHIFT using -0.4s for the primary and +0.6s for the secondary conductivity.

Dissolved Oxygen
Tests were run on a few casts to compare the offset between downcast and upcast oxygen compared to that in the temperature traces and the alignment step taken earlier worked well so no further shift is needed.
11. DELETE

The full files were put through DELETE using the following 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: All warnings pertain to the upcast data so are of no concern.
All DEL files were copied to *.EDT.

12. Other Comparisons

Previous experience with these sensors –
· The primary conductivity sensor was recalibrated in May 2008 and was used many times over the following 2.5 years with few bottle calibrations and none that were trusted. The secondary sensors were used less often and had been recalibrated in June 2008. The post-cruise calibration at the factory in Dec. 2010 indicated that the errors in the primary and secondary sensors were equivalent to salinity being low by 0.003 and 0.005 respectively. The report on the secondary temperature did not show any damage, but more drift than usual. If we assume linear drift, then in August 2009 we would expect errors on the order of 0.001 and 0.002 for primary and secondary salinity respectively. But if something went wrong with the secondary, as was suggested by the results of cruise 2017-52, then the drift in the secondary was probably not linear. The differences between sensors at 1000m are 0.0015psu for 2 casts and 0.003 for another, slightly larger than we expect if both sensor drifts were linear with time.
· The pressure sensor was recalibrated in May 2006. The pressure offset was adjusted in spring 2010 by adding 0.8db to the factory offset.
· The dissolved oxygen sensor was repaired and recalibrated in April 2011. The only cruise with bottle sampling was 2008-01 in January 2008. Those results were used for the following 3 uses. Cruise 2009-52 was the last known use before the sensor went back to the factory. It had been damaged and no post-cruise drift estimate was given. 
Historic ranges – Profile plots were made of T and S with local climatology superimposed where available. Most data fell within the historic ranges except for some slightly high temperatures at the bottom of casts south of Haida Gwaii and at various depths in the top 100m between casts 53 and 63. The primary temperature looks bad for cast 61. After cast #63 as the ship moved to the outer coast the temperature looks fine except for cast #91 which is full of spikes. Salinity for the southern portion of the cruise is all within the climatology. After that there are some odd excursions in casts 51, 52, 61, 64, 70, 77 and cast 91 is mostly bad.
13. DETAILED EDITING

The secondary sensors appear to be the best choice for archiving, but that may vary from cast to cast.

Cast #22 had no useful data above 8db due to the CTD moving up and down repeatedly through that section.

Cast #46 had no useful data above 7db due to the pumps coming on late.

Cast #49 had a large bad section in the secondary channels – Primary channels edited– (DO bad also)
Cast #52 had no useful data above 13db due to the pumps coming on late.
Cast #60 had no useful data above 10.8db due to the pumps coming on late. 

Cast #76 had no useful data above 8db due to the pumps coming on late.

Cast #77 had pumps off throughout so will not be processed further.

Cast #84 had no useful data above 16db due to the pumps coming on late. 

Cast #93 had no useful data above 16db due to the pumps coming on late. 
Cast #97 had sections with poor secondary temperature and salinity, so primary channels were chosen for editing. DO bad also)
Cast #98 had sections with poor secondary temperature and salinity, so primary channels were chosen for editing. (DO bad also)
For some casts the descent rate of the CTD was highly variable and frequently very high; this appears to affect the alignment of temperature and conductivity, thus reducing salinity quality. This may be an indirect effect if the rapid acceleration or deceleration affects the pump function. 
All casts were required some editing.
Note was made of the editing details in the headers of the relevant files.

14. Initial Recalibration
There was no salinity calibration sampling and the history of the sensor suggests that drift in both temperature and conductivity sensors would lead to salinity errors <0.002psu. So no recalibration is justified. 

There was no dissolved oxygen calibration sampling. The history of the sensor provides no useful information with regards to calibration. It was not used during the 20 months between this cruise and the next factory check. The sensor went to the factory in April 2011 at which time it was repaired, but the factory report is not available. There is no way of knowing when the damage occurred.

There is insufficient information to judge whether the pressure needs an adjustment to the offset. A change was found appropriate in April 2010 and drift with time is expected for these sensors, but any error is likely <0.8db.
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. No further editing was considered necessary.
Transmissivity and Fluorescence profiles were plotted on-screen. All transmissivity data from cast #31 onwards is bad. No problems were noted in the fluorescence data. The dissolved oxygen data are bad for the 3 casts which had bad secondary temperature and salinity (49, 97, 98).
16. FINAL CTD files steps (REMOVE and HEADEDIT)  
The following channels were removed from casts #1 to 30: Scan_Number, Temperature:Primary, Salinity:T0:C0, Conductivity:Primary, Conductivity:Secondary, Oxygen:Voltage:SBE, Status:Pump, Descent_Rate and Flag. 
The following channels were removed from casts #31 to 102 except #49, 97 and 98: Scan_Number, Temperature:Primary, Salinity:T0:C0, Conductivity:Primary, Conductivity:Secondary, Oxygen:Voltage:SBE, Transmissivity, Status:Pump, Descent_Rate and Flag. 

The following channels were removed from cast #49, 97 and 98: Scan_Number, Temperature:Secondary, Salinity:T1:C1, Conductivity:Primary, Conductivity:Secondary, Transmissivity, Oxygen:Voltage:SBE, Oxygen:Dissolved:SBE, Status:Pump, Descent_Rate and Flag. 
A second CTD dissolved oxygen channel was derived with mass units (umol/kg). 
REORDER was run to put the two DO channels together. 

Dissolved Oxygen saturation was calculated and surface values were plotted. The values varied greatly ranging from 65% to 123% with most values between 96% and 102%. 3 of the 4 casts that were furthest offshore had values of 102% while 1 was at 109%. We expect to see values ~100% to 105% offshore where near-surface waters are quite well-mixed. So these values are reasonable.  The lower values are likely from areas with active mixing. The higher values came from areas with the highest near-surface DO gradients.

HEADER EDIT was used to fix formats and channel names and to add the following comments:
Fluorescence:URU:Seapoint, Oxygen:Dissolved:SBE and Transmissivity data are nominal and

        unedited except that some records were removed in editing temperature and salinity.

The Transmissivity channel was removed from files #31 - 102 due to sensor malfunction.

There was no calibration sampling. Dissolved Oxygen was recalibrated by multiplying all

        values by 1.02 as such sensors are known to drift low with time. The correction

        applied is an estimate; drifts can be much higher than that.

The Oxygen:Dissolved:SBE channel was removed from files #49, 97 and 98 because the 

        secondary pump malfunctioned. 

There was a lot of noise in the salinity data in the top 100m of many casts. At times 

        there are obvious problems in the pumps, and even when they are not clearly 

        performing poorly, rapid changes of descent rate of the CTD may affect the pumps

        leading to variations in the alignment of temperature and conductivity. For these

        reasons the salinity data are only given with 3 decimal places.

For details on the processing see document: 2009-52_Processing_Report.doc.
The Standards Check routine was run and no problems were found.

The final files were named CTD. 
17. Producing final files
A cross-reference listing was produced for CTD files.

HEADER CHECK was rerun and a cruise track plotted and no errors found.

The sensor history was updated for the CTD sensors.
Particulars: 
2. Longitude reading not stable.

3. Computer crash ~400m upcast. Started second file 3a, but pumps not on.

7. Error light on at 300m upcast, back to normal ~250m. Upcast data problems.
10. Discrepancies noted in log between CTD pressure (852), sounder (963) and wire out (1200m) – 20% difference. 

11. CTD pressure 532; wire out 570m. 7% difference

12. Counter 188, CTD 180

13. Counter 1000/0˚ angle; CTD 943; 5.7% diff

14. Wire 846 CTD 801 6% difference

15. 6% diff

60. Pumps didn’t come on until about 10m of downcast.

61. Primary TO values bad during downcast, but ok upcast -both cells were flushed afterwards. 

62. Temperature channels close.

72. Fast current, winch read 548m cable out at maximum depth 368db.

83. Deck unit failure – all zeros. No file produced.
84. Deck unit ok. Ship moving into shallower water.

91. Abort – deck unit all zeros. File produced but just a partial downcast.
103-108. Aborted. 

CRUISE SUMMARY

	Cruise ID#:    2009-52

	Dates:   Start: 14 August 2009                 End: 10 September 2009

	Location: BC Coast / Alaska

	Vessel:  W.E.Ricker                                    Party Chief: Cooke K.

	

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

	1
	SEABIRD
	911+
	0506
	No
	Yes


CTD Calibration Information

Make/Model/Serial#:
SEABIRD/911+/0506         Cruise ID#:

2009-52


	Calibration Information

	Sensor
	Pre-Cruise
	Post Cruise

	Name
	S/N
	Date
	Location
	Date
	Location

	Temperature


	4752
	06/03/07
	Factory
	
	

	Conductivity


	2173
	07/05/08
	“
	
	

	Secondary Temp.


	2968
	22/08/07
	“
	
	

	Secondary Cond.
	2399
	13/06/08
	“
	
	

	Fluorometer
	2229
	
	IOS
	
	

	Transmissometer
	723DR
	24/01/08
	IOS
	
	

	Pressure Sensor
	69698
	26/05/2006
	Factory
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