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Processed by: Germaine Gatien



Date of Processing: 29 April 2014 – 21 May 2014
Number of original hex files:  25          Number of CTD casts processed: 25
INSTRUMENT SUMMARY
A SeaBird Model SBE 911+ CTD (#0506) was mounted with an SBE43 Dissolved Oxygen sensor (#1438), a WetLabs ECO-FL Fluorometer #2215 and an SBE pH sensor #0852.  The deck unit was #0424. 
SUMMARY OF QUALITY AND CONCERNS
The log book lacked a personnel list. The equipment list was prepared, but indicates that the fluorometer was pumped, which does not appear to be true. Otherwise the log was in good order with notes about problems encountered. There was no bottle sampling.
The initial test cast lacked NMEA positions, but those were downloaded for all other casts.
For event #8 the pumps were not turned on until about 50db of the upcast. The upcast was used to produce a file for this event, but the quality is not considered as high as those from downcasts. The file only includes data acquired with the pumps on.

There was no bottle sampling during this cruise. There were post-cruise calibrations in January 2014 but there were 2 cruises between this one and those factory visits. For the secondary salinity there was virtually no drift and the post-cruise calibration was used for the pressure sensor. There was also a post-cruise calibration of the dissolved oxygen sensor, but it was decided to apply the results of cruise 2013-36 (from May 2013) since it sampled a similar region and was fairly close in time. 
The lens cap was left on the fluorometer during deployment for all casts, so that channel was removed.

The SBE pH data should be used with caution; no field calibration data are available. Calibration is required for each cast to get absolute values, although general trends within a cast are likely real.
PROCESSING SUMMARY

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

2. Preliminary Steps

The Log Book was obtained. Problems noted included one file with the wrong name (2013-48-0003 should be 2013-48-0004), and one with the wrong station name. 
It was mentioned that for one cast the CTD was turned “on” on deck to check pressure.

The cruise summary sheet was completed. 
The histories of the dissolved oxygen, conductivity and pressure sensors were obtained.
The configuration file did not change through the cruise except that the first cast did not download NMEA data. All entries were correct. 
One file was saved as 2013-48-ctd.xmlcon. 

There were post-cruise calibrations for temperature, conductivity and pressure. Since there were other cruises after this one it cannot be assumed that any of the reported drifts had occurred at the time of this cruise, but there was a test cast to check pressure. For that cast comparisons were made of the pre-cruise and post-cruise pressure when the CTD was out of water. The pre-cruise pressure was slightly positive and the post-cruise pressure was slightly negative. 
So file 2013-48-ctd.xmlcon was adjusted by using the slope and offset from the post-cruise calibration; no other parameters had changed.
3. Conversion of Raw Data

All data were converted using file 2013-48-ctd.xmlcon. 
The file name for event #4 was corrected and the station name for event #36 was fixed.
Plots were made for a few casts. 
· The temperature channels are similar for downcasts, but noisy on upcasts. 

· Conductivity differences are low on downcasts, noisier on upcasts.
· Dissolved Oxygen and pH profiles look normal.
· The descent rate was very noisy with obvious evidence of shed wakes in the T and C profiles.
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. ALIGNCTD

Various advancements were tested to make DO and temperature traces have the same offset between downcast and upcast data. Overall an advance of 4.8s looks best close to the surface though a lower value looks better in low-gradient deeper waters. Since this cruise has mostly shallow casts, the 4.8s advance looks best. This setting was used on most recent cruises using this sensor. 

ALIGNCTD was used to advance the DO signal relative to temperature by 4.8s.
6. CELLTM

Tests were run on 3 casts using a variety of settings. The results are hard to interpret because the upcast data are very noisy. But overall (α=0.0245, 1/β=9.5) looks reasonable for both channels. 
CELLTM was run using (α=0.0245, 1/β=9.5) for both the primary and secondary conductivity for all casts.
7. DERIVE

Program DERIVE was run on all casts to calculate primary and secondary salinity, dissolved oxygen concentration and descent rate; the tau correction was applied. 
Profiles show very little difference between the two salinity channels. 
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 and to replace pad values in the Pressure channel using linear interpolation based on scan number.
9. Checking Headers

Latitude and longitude were added to the header of file 2013-48-0001.CLN.
A header check was run and the only potential problem was that there were negative pressures of up to -2db during the period that the CTD was on deck. A close examination of the data shows pressures close to 0 as the conductivity dropped suddenly. The pressure became quite unstable during the period on deck so the-2db reading looks like a spike. Overall the pressure looks reasonable. 
A cross-reference list was produced and checked against log records. There were only minor discrepancies with the largest being the longitude for event #2; the log entry was obviously changed after the original entry. So this is likely a log error. The downloaded value was used.
The surface report indicates that the average surface pressure was 1.9db, varying from 1.1db at Departure bay to 2.9db with the shallowest offshore value being 1.4db. While this seems a little shallow for the Ricker, other checks suggest it is correct. 

10. SHIFT

Fluorescence

In other recent uses of ECO Fluorometers it has been found necessary to advance the fluorescence by +12 records (0.5s) relative to pressure. There is a lot of noise in the data, but applying that shift to these data does lead to improved alignment between fluorescence and temperature for some casts while having no obvious effect on others. This also suggests that the data were not pumped since a larger shift would be expected in that case, and a larger shift looks bad for these data. 

SHIFT was run on the fluorescence channel to advance by 12 records.
Conductivity

Tests were run on 2 casts shifting both conductivity channels using 3 settings close to the ones used the last time these sensors were used. For the primary conductivity the best setting was -0.6 records, as found for 2013-43. Similarly for the secondary the best setting was -1.3 records. 
All casts were put through SHIFT using -0.6 records for the primary and -1.3 records for the secondary conductivity.

Dissolved Oxygen

The SBE DO data have already been aligned, but all casts were examined to see if further adjustments are required. The results are confusing with cases where the DO traces are closer than temperature traces and other cases where the opposite is true. Given the slow response of these sensors it is impossible to get a really good comparison. The shift already applied is likely the best we can do. The same results were found for 2013-43 when this sensor was last used.
SHIFT will not be run on this channel.

pH

This sensor was unpumped. This usually means there is no need to align the data. Checking a few plots the upcast and downcast pH traces are sometimes closer than corresponding temperature traces and sometimes farther apart. In some cases they are in good agreement. In the absence of a consistent relationship, no shift was applied. NOTE: At the end of processing it was decided that a SHIFT of +75 records should have been applied. See section 17 for details.
11. DELETE

DELETE was run on all the SHFC1 files. (It was later rerun for event #8 using the REV file as input.)
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: The only warnings were for the upcast of cast #5 when the CTD was at the surface or on deck, so of no consequence to the downcast file.
12. Other Comparisons

Previous experience with these sensors –

· This was the first use for all T and C sensors since they were last calibrated. 

· The pressure sensor has been used 14 times since it was recalibrated in April 2011. For some recent cruises there were pressure values that appeared to be too low, so a correction was applied. 

· The dissolved oxygen sensor has been used for 7 previous cruises since its last factory service. There was calibration sampling for 4 of these cruises. The slope of corrections has increased gradually. The results of 2013-36 are probably most suited for use for these data because the time and region are similar to those sampled during this cruise.

Historic ranges – Data were plotted with the 3-standard deviation plots of temperature and salinity ranges where local climatology was available. The only excursions were the test cast in Departure Bay which is likely not well represented in the climatology, and a few salinity values near or above the maximum for cast #10 around 30db. This cast is near the boundary of the selected climatology, so this is likely of no consequence. The 3-standard deviation climatology is not really appropriate for stations this close to shore. 
Post-cruise calibration – The primary conductivity was reported to have -0.0001 salinity units drift per month in January 2014 while the secondary had 0 drift. The primary temperature had drifted down by 0.00028C°/year while the secondary had drifted up by 0.00002C°/year. These drifts would lead to primary salinity being low by ~0.002 in January 2014 while the secondary salinity would have negligible error. 

The pressure was recalibrated in January 2014 and the slope and offset had changed.
The SBE DO sensor was recalibrated in January 2014 and the drift was approximately 5%.

13. DETAILED EDITING

This was the first of 3 cruises between the pre-cruise and post-cruise factory calibration. The primary salinity was found to be low by ~0.002 after the 3rd cruise and the secondary salinity was found to have drifted negligibly.  There is not much difference in the noise level in the traces, so using the secondary looks like the best choice.
All DEL files were copied to *.EDT.

CTDEDIT was used to clean the secondary temperature and salinity data.
Cast #8 had the pumps off for the downcast and most of the upcast. The SHFC1 file was put through REVERSE and DELETE.
All casts required some editing.

All edited files were copied to *.EDT.
14. Initial Recalibration
The post-cruise pressure calibration was used based on tests on one cast with data collected on deck; no further correction appears necessary.

Salinity will not be recalibrated. The post-cruise calibration of the T and C sensors suggests drift near zero for the secondary sensors as of January 2014. Differences between the two salinity channels below 100m are <<0.001 which also suggests no significant calibration drift.
The results of 2013-36 seem best suited for recalibration of the dissolved oxygen data because it is closest in time and geographic area. The post-cruise calibration would suggest a smaller correction, but there is likely more being corrected than just calibration drift; the stops for bottles may not be long enough for full equilibration especially in colder water.
File 2013-48-recal1.ccf was prepared and run to apply the correction:


Oxygen:Dissolved:SBE Corrected = 1.0722 * Oxygen:Dissolved:SBE +0.03 
15. Fluorescence Processing 
The ED1 files were put through a median filter, size 11, applied to the fluorescence channel only. 

16. BIN AVERAGE of CTD files
The following Bin Average values were applied to the filtered 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, T-S plots were examined on screen and look reasonable; there are a few unstable features, but they are in areas where they may be real and no instrumental cause was found. 

Profile plots were made to check all channels. There are a few spikes in pH that look odd. The spikes are not associated with temperature spikes and will be left to researchers to assess. These spikes were noted in the log.
17. CORRECTIONS TO EARLIER PROCESSING

At this stage it was discovered that 2 errors had been made:

1. The fluorescence values are bad, with high values at depth and evidence that the cap was left on the lens during deployment. These data should not be archived.

2. The pH data should have been aligned. Results of 2013-65 show that a setting of +75 records is appropriate. While the offset between upcast and downcast pH traces were often similar in size to those of the temperature traces, the sign of the differences was opposite to that of temperature.

To correct these errors the following steps were taken:

· SHIFT was run on the CLEAN files to advance the pH channel by 75 records, with output files named SHFpH. Plots confirm the shift was appropriate.
· Those files were then put through DELETE and BIN AVERAGE using the same settings as described in sections 11 and 16. Output files were named *.AVGpH.

· MERGE was run selecting all channels except pH from the AVG files and selecting only pH from the AVGpH files. The merge channel was pressure and output files were named *.MRG.

18. FINAL CTD files steps (REMOVE and HEADEDIT)
The following channels were removed from all casts: Scan_Number, Temperature:Primary, Salinity:T0:C0, Conductivity:Primary, Conductivity:Secondary, Oxygen:Voltage:SBE,  Status:Pump, Descent_Rate, Fluorescence:URU:Wetlabs and Flag.
A second CTD dissolved oxygen channel was derived with units umol/kg. 
Dissolved Oxygen saturation was calculated and surface values were plotted. The values varied from  ~90% to ~170%. The highest values were in the middle section of the survey area and are mostly associated with high fluorescence peaks. The survey was in an area and season when it is not unusual to have a lot of variability. The high values are unlikely to be due to drift in sensor calibration as that would lead to lower values rather than high and would have only a small effect on saturation values. 
REORDER was run to ensure the 2 DO channels are together.

HEADER EDIT was used to fix formats and channel names and to add the following comments:
Data Processing Notes:

 ----------------------

The Fluorescence:URU:Wetlabs channel was removed because the cap was left

  on the lens during deployment.
There was no calibration sampling.

The results of a comparison with titrated samples during cruise 2013-36

   were used to recalibrate the Oxygen:Dissolved:SBE concentration.

There were factory calibrations of the temperature and conductivity sensors

   in January 2014 which imply that there was no significant drift in salinity.

   There were 2 cruises between this one and the post-cruise calibrations.

   No recalibration was applied to the salinity.

WARNING: The pH:SBE:Nominal data should be used with caution; no field

   calibration data are available.

   Calibration is required for each cast to get absolute values, although

   general trends within a cast are likely real.

For details on the processing see processing report: 2013-48-proc.doc.
19. Producing final files
The Standards Check routine was run; one header error was found and corrected and Head Edit was rerun. No further problems were found when the check was rerun. The final files were named CTD. 

A cross-reference listing was produced for CTD files.

HEADER CHECK was run and no problems were found.
A cruise track was plotted and no errors found.

The sensor history was updated for the CTD sensors.
Particulars: 
1. CAL test

4. Called 3 in file.

5. CTD turned “on” on deck to check pressure

8. Pumps off until 50db of upcast.

36. Station name in file Transect 3.3A should be Transect 3.4a.

Institute of Ocean Sciences
CRUISE SUMMARY

CTD

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

	1
	SEABIRD
	911+
	0506
	No
	Yes


	Calibration Information CTD #506

	Sensor
	Pre-Cruise
	Post Cruise

	Name
	S/N
	Date
	Location
	Date
	Location

	Temperature


	2038
	25May12
	Factory
	31De2013
	Factory

	Conductivity


	1763
	25May12
	Factory


	31De2014
	Factory

	Secondary Temp.


	
4883
	25May12
	Factory


	2Jan2014
	Factory

	Secondary Cond.
	3394
	   25May12
	Factory


	3Jan 2014
	Factory

	SBE 43 DO sensor
	1438
	2Apr2011
	Factory
	3Jan2014
	Factory

	WetLabs Eco Fluorometer
	2215
	19June2013
	IOS
	
	

	SBE pH
	0851
	29May 2012
	Factory
	
	

	Pressure Sensor
	506
	15Apr2011
	Factory
	30Dec2013
	Factory
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