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PROCESSING NOTES
Cruises: 2008-64
Agency: Ocean Sciences Division, Sidney, B.C.

Project: Buoyancy Current Study
Area: B.C. Coast
Chief Scientist: John Morrison
Platform: Achiever
Date: 4 October 2008 – 15 October 2008
Processed by: Germaine Gatien

Date of Processing: 17 July 2015 – 23 July 2015
Number of original CTD casts: 66
Number of casts processed: 66
Number of bottle casts: 30

INSTRUMENT SUMMARY
A Sea Bird Model SBE 19+ SEACAT CTD (S/N#4057) was mounted with an SBE 43 DO sensor (# 0052), a SeaPoint fluorometer (#2805), a Seatech transmissometer (#163) and a Seapoint turbidity meter (#10133).
A Seabird SBE 55 Eco Water Sampler with six 4 litre bottles was used.  
SUMMARY OF QUALITY AND CONCERNS
A  CTD Daily Log was available. Data were averaged over 4 scans on acquisition.
The soak period for the CTD was at least 1 minute.
SeaCat salinity is prone to error due to mismatch of conductivity and temperature response times, especially when the descent rate is non-uniform. These errors are likely to be much larger than calibration errors, as high as 0.05units in areas of large gradients. However, for this cruise the descent rate was generally quite steady and the gradients were not high, so the errors are likely much smaller than that.
Salinity calibration sampling was done, but analysis results were not available at the time of processing. The post-cruise calibration shows that a year after this cruise the salinity was reading low by about 0.002, so for this cruise it was probably well within +/-0.002. No recalibration was applied to salinity.
There was no DO calibration sampling. The surface dissolved oxygen saturation varied from 70% to 105%, with the lowest values from tidally-mixed sites. There are only a few cases where saturation is >100%. While vertical mixing probably accounts for most of the lower values, it is likely that the sensor was reading a little low. Based on results from a previous cruise all SBE dissolved oxygen data were multiplied by 1.04. This produced saturations of about 100% for most stations in exposed waters.
PROCESSING SUMMARY
1. Seasave - This step was completed at sea; the raw data files are *.hex. 

2. Preliminary Steps

No configuration file was provided. There were converted CNV and ROS files provided.

The first step was to assemble a configuration file based on the notes in the log book and headers of files.
CTD Daily Log sheets were obtained. There were no notes indicating problems with equipment. 
The CTD was turned on in air, put in the water and soaked for 1 minute (or longer) before lowering. 
The CTD sampled 4 times per second but data were averaged over 4 scans on acquisition, so the interval of data in converted files is 1 second.

3.  Conversion of Raw Data

File names were non-standard. The raw file names were changed to standard format.

Both CNV and ROS files were converted using configuration file 2008-64-ctd.xmlcon.
Files converted have temperature, conductivity, dissolved oxygen and pressure that differ slightly from those converted in 2010. The other sensors agree exactly. So either a different calibration control file was used for the 2010 job, or possibly there is something in the averaging that is different. In one file the pressure was found to differ by ~0.04db, temperature by ~0.0005C° and conductivity by 0.000008S/m – very small differences. The CTD was set to average 4 scans in acquisition, but the files converted in 2010 give the interval as 2.5s. There is no obvious indication that this affected the conversion, but something is different. A small error in the pressure calibration might account for all the differences. Using temperature and conductivity calibrations from the wrong year do not look likely as the error would be larger based on the drift estimates made at the factory.
Examination of one BL file shows that were are 990 scans between the first and last bottle stop and that 16.5 minutes had passed, or 990 seconds. So we really do have 1 scan per second. This fits having averaged 4 scans in acquisition which is what is entered in the headers.

Plots show that the initial soaks were about a minute in length and bottle stops were at least 1 minute long. The initial pressure is very close to 0db and conductivity begins to show in-water values at about 0.09db and increases suddenly at about 0.1db, so the pressure readings are reasonable.

There may be an error in the records found in the Arctic group calibration site or an error in the file used in 2010. The difference is not large, so processing was done using the data from the Arctic group site.
Examination of a few plots suggests that the surface was close to 0db both for the downcast and upcast judging by the conductivity, with the maximum error ~0.2db. There were soaks of at least 1 minute at about 1db. A 2-minute soak is recommended for this instrument because there is a delay in pumps coming on and there is some equilibration after that; there is some variation in temperature and conductivity near the end of the soak. That could be real variation or continuing equilibration, but the changes are not large, so the soak was probably adequate.
4.  Bottle Files

The ROS files were converted to IOS files and put through CLEAN to add event numbers (*.BOT). The ROS files contain 5 records from a 4s window.

Plots of temperature and salinity were made to see if there were outliers. There were a few problems found: 

· Cast #13 shows bottles firing before the cast began; there was no intention to fire bottles, so that file will not be processed further. 

· Cast #23 showed that the CTD was not stopped during the 4s bracketing the firing time. The bottle was fired just as the CTD started upwards. So only the 1st point will be kept in the file.

· Cast #38 did not convert to a ROS file. Examination of the full file does indicate there were stops. The problem is in the BL and AFM files which are corrupted. It is possible to create an “approximate” BL file – the times will be wrong, but the scans can be estimated from the full plot. A BL file was constructed and a reasonable result was found on conversion but a note will be added to the header to indicate it is approximate.

The BOT files were averaged and the averaged files were used to create an ADDSAMP file to which the sample numbers were added. 

File 2008-64-hdr_merge.csv was prepared with event numbers, positions and bottle depths.

Program MERGE CSV FILE TO HEADERS was run to add to the headers of the BOT files information from that spreadsheet with output files called *.MRH.
The ADDSAMP file was used to add sample numbers to the MRH files (output SAM) and to create CST files. The SAM files were averaged (output SAMAVG).

The nutrients file was found but no other samples were available. The event numbers were missing and duplicates had not been averaged. There were some comments but no quality flags. 

The spreadsheet was saved as a csv file, event numbers were added and duplicates were averaged and flags added to a few samples. There were a few problems to consider:

· There were 3 sets of nutrients for sample #112. A note in the log indicates that there was a test of new tubes with 1 of each set being from an old tube and 1 from new tubes– there seems to be no significant difference between the old and new. The 1st of the 3 sets will be used for the bottle file since the second had one sample with salt crystals on the tube threads and the 3rd looks different from the 1st and 2nd for all nutrients. 

· There was a sample #126 but the log shows that bottle wasn’t fired and the ROS file also shows no corresponding firing. The AFM and BL files show a firing but no associated scan numbers. A test with an edited BL file adding scans at the end of the cast did produce data, but the values suggest that the CTD was out of the water. Taken with a log note that there is no sample #126, this line was dropped from the nutrient CSV spreadsheet. 

· There were a few samples for which the 1st sample was said to have salt crystals on the tube threads. There was no consistent difference between the 2 samples so no obvious effect from the crystals. So they were averaged, but flag 36 was used to indicate there could be a problem but the value is probably ok.

The spreadsheet was converted to NUT files.

They were merged with the CST files as MRG4. The files were put through CLEAN (to simplify headers and add 0 flags to any blank quality flag entries) and SORT (to sort on bottle number – likely already correct, but to be sure).

MERGE was run to combine the SAMAVG files with the MRG4 files (output MRG). 

5.  FILTER 
The conductivity in the CNV files was low-pass filtered with a time constant of 0.5 seconds to force it to have the same response as the temperature. It looks smoother after this step.
6.  Align CTD

Tests were run to find appropriate advancements for T and DO. The results are not easy to interpret, but a value of +0.5s for temperature looks reasonable and is recommended by SeaBird. 
Tests were run advancing dissolved oxygen by 2 to 4s and the best results overall were with an advance of 2.5s.
The temperature was advanced relative to pressure by 0.5s.

The dissolved oxygen was advanced relative to pressure by 2.5s. 
7.  DERIVE

Program DERIVE was run to calculate salinity and dissolved oxygen.

8.  Conversion to IOS Headers

The IOSSHELL routine for Sea Bird ASCII files was used to convert the Sea-Bird data to IOS Headers. CLEAN was run to add event numbers. 
MERGE CSV FILE TO HEADERS was run using file 2008-64-hdr_merge.csv to add positions and bottle depths to the headers of the CLN files.

There was no entry in the spreadsheet for file 2008-64-0080. The log shows #80 as a NET event. Examination of the file shows that it contains some of the data from file 2008-64-0081. The file for event #80 will not be processed any further.

9. Checking Headers in MRH files
A cross-reference list was produced and checked against the log sheets. A few errors were found and were corrected in MRH files: 

· The time in the log (15:31) for event #1 differs from the file (17:16) by several hours. With no activities between events #1 and 2 and a short distance to travel, it seems unlikely that it would take 3 hours between the start of the 2 casts. The time in the spreadsheet give a different time from both the others, at 17:31, and that time makes sense. The 17:16 is probably when the ship arrived on station. Either is a reasonable time to use. All other times in headers agree with the spreadsheet times. The header for cast #1 was changed to match the spreadsheet time.
· The latitude in the log for event #24 differs from the spreadsheet but in this case the log makes more sense because there is a NET cast at the same station, and the reading for that in both the log and spreadsheet is close to the entry in the log for the ROS cast. The latitude was changed in the header.
· For cast #62 there appears to be a typo in the spreadsheet. The log gives longitude 128 51.185 and the spreadsheet 128 5.185 - the latter creates a crazy track plot. The log value was used.

· For event #86 there was a correction in the log book; it looks like the spreadsheet was not corrected.  The log latitude and longitude were used to correct the file position.

Corrections were also made to bottle files for events #1 & 24; there were no bottle files for #62 & 86.
Header Check was run and showed some negative values that likely came before the pump came on.
After the corrections the track plots look fine; they were added to the end of this report.
The surface check was run. The average surface pressure is -0.01db with very low surface conductivity values. 
CLIP was run to remove the first 60 scans which would be in the soak period. This will reduce the amount of editing needed.

10. SHIFT

Examination of downcast T-S plots shows a few small unstable features. Tests were run on a few casts and all adjustments to the alignment of conductivity made the unstable features worse rather than better. SHIFT was not run.

11. DELETE

Then DELETE was run on the CLIP files using the following parameters: 

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

  Surface Swell Pressure Tolerance: 1.0
     Pressure not filtered

  Swells deleted. Warning message if pressure difference of 2.00

  Minimum Drop Rate 0.2m/s over 5 records between 10db and 10db above maximum pressure

There were no warnings in the Delete log.
12. Test Plots and Fix Time

Profiles were plotted for all casts. There are a few spikes in salinity near the bottom; those will be examined in the editing phase. Transmissivity sometimes goes to near zero but that may be due to real variations. Dissolved oxygen is often odd near the surface but that may disappear when T and S are edited. 
13. CTDEDIT

CTDEDIT was used to remove bad records near the top and bottom of casts and to smooth salinity lightly, as required. All casts required light editing except:

Event #24 – salinity was bad and had to be removed between 234 and 268db
Event #31 – no editing required

Notes were entered in the headers about editing applied.

14. BIN AVERAGE

The data were bin-averaged (1db bins). 
Plots were made to ensure editing was satisfactory and if other channels needed attention. The T-S plots had only a few minor unstable features which may well be real.
Header Check was run and no problems were found.
15. Intercomparisons

Previous Use of CTD – The dissolved oxygen sensor was used during 2008-02 but it was mounted on a SBE911+. At that time the DO was found to be low by a factor of 1.0389. 
Repeat Casts – There were no repeat casts.
Historic ranges – Where local climatology was available most temperature and salinity data fell well within the 3 standard deviation limits including all open-water casts. Exceptions were low salinity values at depth for 4 casts which were near shore and in areas that may not be well sampled, so not represented in the climatology. There was also low salinity near the surface at 2 near-shore casts likely to be affected by river runoff. These excursions are not considered evidence of calibration problems. 

Post-Cruise Calibrations – The temperature, conductivity and dissolved oxygen sensors were recalibrated in December 2009. The drift in temperature was about 0.0004C° over the 21 months between factory visits and salinity had drifted by about 0.002. Since the drift is small and most of it likely occurred after this cruise there is no need to recalibrate. The oxygen sensor was found to have a torn membrane when it went back to the factory, so any drift may be associated with an incident after this cruise and the post-cruise calibration is not a reliable source for recalibration of DO.

16. REMOVE and HEADEDIT

The following channels were removed from all casts: Scan_Number, Conductivity, Oxygen:Voltage, Descent_Rate, Depth:Salt Water and Flag.
Change Units was used to calculate dissolved oxygen in mass units.

Reorder was used to get the 2 dissolved oxygen channels together.

Derived Quantities was used to calculate dissolved oxygen saturation. 
Plots were made of the oxygen saturation near the surface. Most of the near-surface values were between 85% and 105%. Two casts with saturation >100% had fairly high surface gradients in DO. Most casts were well-mixed near the surface and values <100% are not unreasonable in those conditions. The lowest (~70-75%) cases were in Johnstone Strait which is tidally mixed and generally has very low DO surface saturation rates. Most of the values in open waters were in the 95-100% range. Dissolved oxygen saturation is not a very reliable test close to shore especially when vertical mixing is strong. There is a good chance the DO sensor is reading a little low.

Considering that during 2008-02 the SBE DO was found to be low, it is reasonable to apply a correction factor 1.04 to these data. This may be an overestimate, but looks like the best we can do.

CALIBRATE was run using file 2008-64-recal.ccf to multiply both Oxygen:Dissolved:SBE channels (mass and volume) by 1.04. That correction brought the surface DO saturation close to 100% at most of the more exposed sites.
The HEADEDIT routine was used to fix channel names, units and formats and to add the following comment to the headers:
****************************************************************************
SeaCat salinity is prone to error due to a mismatch of conductivity and

temperature response times, especially when the descent rate is non-uniform.

Such errors are likely to be larger than calibration errors. 

SeaCat salinity errors are expected to be as high as 0.05 units in areas of

high gradients. For these data the descent rate was very noisy for a few 

casts in the middle part of the cruise, but quite steady for most casts and

temperature and salinity gradients were not extreme, so the error is likely 

much smaller than that.

Salinity calibration sampling was done but no analysis results could be found

at the time of processing. Post-cruise calibration results for salinity 

suggest that salinity is well within +/- 0.002.

There was no dissolved oxygen calibration for this cruise. 

Dissolved oxygen saturation at the surface suggests that the oxygen sensor
might have been reading a little low. Based on a previous cruise the SBE DO 

data were recalibrated by multiplying by 1.04.
The dissolved oxygen, transmissivity, fluorescence and turbidity data are

nominal and unedited except that some records were removed in the course 

of editing temperature and salinity.
*****************************************************************************
The standards check routine was run and no problems found.

17. Producing final bottle files

The MRG files were put through SORT to sort on pressure.

REMOVE was used to remove channels: Scan_Number, Conductivity, Oxygen:Voltage, Descent_Rate, Depth and Flag.
The dissolved oxygen concentration was derived in mass units. 
REORDER was used to get the 2 DO channels together. 
CALIBRATE was run using file 2008-64-recal1.ccf to multiply both DO channels by 1.04.

HEADEDIT was run to fix formats and channel names and to add a header comment.
18. Producing final CTD files

a.) The final files were renamed *.ctd.

b.) A cross-reference listing was produced.

c.) The sensor histories were updated.

Particulars
1-3. Transmissometer not cleaned

2. Depth sounder reading not steady

5+6. Aborted due to winch trouble
8. Bottle labels say event #5

13. CTD “caressed” the bottom

31. Rosette brought up and down again

37. Ship depth sounder not very accurate in deeper water.

58. Rosette hit transom and spigot #5 broken ring (used zap strap to keep closed)

82. CTD hit bottom; some confusion over where bottles fired – 6 bottles intended, but only 3 in the ROS file and plot shows no stop at other depths.
Institute of Ocean Sciences  

CRUISE SUMMARY

Cruise ID#:
2008-64
Dates: 
Start:
4 October 2008
    End:
15 October 2008


Location: B.C.Coast                 Vessel:    Achiever
Party Chief: Morrison J.
	CTD#
	Make
	Model
	Serial #
	Used with Rosette?
	CTD Calibration Sheet Competed?

	1
	SEABIRD
	SeacatPlus
	4057
	No
	Yes


CTD Calibration Information
Make/Model/Serial#: SEABIRD/SEACATPLUS  / 4057             
Cruise ID#:
2008-64
	Calibration Information

	Sensor
	Pre-Cruise
	Post Cruise

	Name
	S/N
	Date
	Location
	Date
	Location

	Temperature
	4057
	21Feb2008
	Factory
	11Dec2009
	Factory

	Conductivity
	4057
	21Feb2008
	Factory
	11Dec2009
	Factory

	SBE 43 DO sensor
	2805
	8Apr2008
	Factory
	10Dec2009
	Factory

	Seapoint Turb Meter
	10133
	
	
	
	

	Seapoint Fluor.
	2805
	
	
	
	

	Seatech Tranmiss.
	163
	30Apr2008
	IOS
	2Sept2009
	IOS

	Pressure Sensor
	4057
	20Feb2008
	Factory
	11Dec2009
	Factory
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