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PROCESSING NOTES
Cruise: 2013-47
Agency: PBS, SAFE, Nanaimo, B.C.
Party Chief: Neville C.


Location: Strait of Georgia
Project: SoG Juvenile Salmon

Platform: W.E. Ricker
Date: September 17, 2013 – September 29, 2013
Processed by: Germaine Gatien

Date of Processing: 14 June 2017 – 19 June 2017
Number of original HEX files:
31
Number of CTD files: 31
INSTRUMENT SUMMARY
A SeaBird Model SBE-25 CTD (s/n 0404) was used with temperature sensor #4484, conductivity sensor #3184, dissolved oxygen sensor #1119, pH sensor #0852 and pressure sensor 0573.  
SUMMARY OF QUALITY AND CONCERNS
The log book was in good order. 
The log book contains entries about another leg to the cruise, but those data were not found. The dates on the cover of the log book do not include that leg.
About half of the casts were run without a preliminary 10m-soak; most of those had a wait of at least a minute at about 1m. But casts #3, #8 and #15 had little or no wait after the conductivity shows that the CTD was definitely in the water. For those, the dissolved oxygen sensor signal did not start until the CTD was at 8, 23 and 48db, respectively; the pH signal starts ~3s after that. A wait of at least 30s is recommended at a depth of about 1m to ensure the pumps turn on before the cast begins. While the upcast data are of slightly lower quality than downcast data, they were chosen for archiving for casts #8 and #15 in order to provide full profiles of DO and pH and because there was some evidence of trouble in the temperature and salinity as well. For cast #3 the upcast temperature and salinity data quality was poor near the surface, so downcast data were chosen for archiving.
During the second half of the cruise all casts had a preliminary soak at 10m, were returned to the surface and after a 10s wait the full cast was run. The data from the initial soak period were removed. A 30s wait is recommended after the CTD gets back to the surface to allow surface waters to recover from the effects of the CTD coming up and dragging a wake with it.

There was no calibration sampling, but there were post-cruise calibrations available for temperature and salinity, so salinity was recalibrated using the assumption that drift was gradual between factory checks.
There was no dissolved oxygen calibration sampling so the data were recalibrated based on a post-cruise calibration and comparison with another cruise in the same general area and time. For details on recalibration see section 14.
WARNING: The pH:SBE:Nominal data should be used with caution; no field calibration data were collected.  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.

2. Preliminary Steps
The Daily Log was obtained and was in good order.
Data were missing for some events listed in the log book: events #53 to #82.
There was no calibration sampling.
The cruise summary sheet was completed. 
There was no configuration file included, so one was created and named 2013-47-ctd.xmlcon. An offset of +0.2db was included for the pressure based on the history of this pressure sensor.
3. Conversion of Raw Data

All casts were converted using configuration file 2013-47-ctd.xmlcon.
There were post-cruise calibrations available for the pressure, temperature and conductivity sensors, but they came more than a year later and after the sensors were used on at least 2 other cruises. There was a post-cruise calibration for dissolved oxygen a few months after this cruise and it indicated a large error, ~18%.
Plots show that the channels all produced reasonable values most of the time, but cast #31 was full of pressure spikes. The spikes are all late in the cast – the log has a note that the CTD switch was left on after the cast, so that is likely what caused the problem. WILDEDIT was able to remove the spikes, but an easier solution is to remove scans at the end of the file. All scans >8000 were removed. There will be a need to remove some scans from the beginning of the cast as well, since there was a drop to 10m for an initial soak. That will be done later because it is needed for all casts from event #31 to #61. 
4. WFILTER

WFILTER was run using a cosine filter, size 5 on the pressure, temperature and conductivity channels. Plots were made before and after this step. Reversals disappear from the pressure after this step but the trace is not overly smooth.
5. ALIGNCTD

Tests were run on a few casts to see what alignment made the offset between the upcast and downcast DO traces resemble that for the temperature traces. An advance of 2.5s produced the best results.

ALIGNCTD was run on all casts to advance the DO channel by 2.5s.
6. CELLTM
SeaBird recommend the use of (α, 1/β) = (0.04, 8) for CELLTM for the SBE 25 and those settings were used during 2014-24 when these sensors were used next. 

CELLTM was run on all casts using setting (α, 1/β) = (0.04, 8).
7. DERIVE

Program DERIVE was run to calculate salinity and dissolved oxygen concentration (tau correction included). 

8.  Conversion to IOS Headers
The IOSSHELL routine was used to convert the CNV files to IOS Headers. 
CLEAN was run to replace pad values in the pressure channel with interpolated values and to add event numbers.
All files were copied to *.CLIP. 

Plots were made of pressure versus scan number for casts #31 to #61 to determine how many records to remove to eliminate data acquired during the initial soak. 

CLIP was then run on those 16 files to remove the initial records.

9. Checking Headers
Positions, water depth and station names are missing from the headers. A spreadsheet was prepared with the missing information; this file was saved as 2013-47-merge-hdr.csv. 
IOS SHELL program “MERGE:CSV file to headers” was used to add information from the csv file to the IOS files with output MRH. 
A check of a few casts shows that the header times are in PDT. To obtain UTC times in the headers, ADD TIME CHANNEL was run adding 7 hours since the CTD clock was set for PDT.
A cross-reference listing was produced and checked against the log entries. There were a few errors in positions which were corrected in the merge spreadsheet. Merge and ADD TIME CHANNEL were rerun until all errors were corrected and the track plot looked right. 
Track plots were produced and added to the end of this report.
HEADER CHECK was run. There were some negative values in pressure, conductivity, pH and dissolved oxygen concentration. Investigation of the pressure suggests that the surface was very close to 0db. The lowest value, -0.36db, was the final record in a cast and likely recorded in air. 
The surface check shows an average of +0.847 but that value is not significant. The first group of casts had very small (mostly negative) values and extremely low salinity values, so they were likely very close to the surface. The second group of casts had preliminary soaks and those records were removed so the surface values are all >1db.

Plots show that the CTD was held at a depth of ~1db for at least 1 minute for most casts with no initial soak period; for a few there was only a hold right at the surface. For the casts with an initial soak there was only a brief wait at the top before the full cast was run. A longer wait is suggested – at least 30s and perhaps more if the local wave and current conditions are very quiet. 
10. SHIFT and CLEAN
Conductivity  
When this sensor was used for  cruise 2014-24 a shift of +0.5 records was found best at removing noise from the salinity channel so that the T-S curves are just stable. Tests run on one cast from this cruise showed that setting was best as well.

SHIFT was run on all casts to apply a shift of +0.5 records to the Primary Conductivity.
Dissolved Oxygen

This channel was aligned earlier, but checks were made by examining plots of temperature and dissolved oxygen; no further adjustment was found necessary.

pH

The pH sensor was not pumped. Comparison of profiles of temperature and pH shows that, overall, an advance of +8 records improves the alignment with temperature. 

SHIFT was run on all casts to advance the pH signal by 8 records (1s). 
CLEAN

In testing shifts, it was found that some of the casts without the 10m soak have no DO signal at the beginning section of downcasts and that also leads to no pH signal. Sometimes the signal starts very close to the surface but for casts #3, #8 and #15 it starts much deeper. Using the upcast instead of the downcast would produce more complete DO and pH profiles, but the T-S data looks much better in the downcasts for #3 so downcast data will be chosen for that cast. However, for casts #8 and #15 there are problems in the top 50m even in temperature and salinity, so the upcast is a better choice. 

There is no note in the log to indicate why the DO sensor turned on late – the pump seems to be on above that since the temperature and conductivity looked ok .   
CLEAN was run to replace pH values with pad values when DO is <0. 
CLEAN was run a second time to replace DO:SBE values with pad values when DO is <0.

There remain some obviously bad DO and pH values; if they are not removed in DELETE they will have to be removed using CTDEDIT.
11. DELETE
DELETE was run on all casts using the following parameters: 

Surface Record Removal: Last Press Min.
Surface Swell Pressure Tolerance: 1.0

Swells deleted. Warning message if pressure difference of 2.00

Drop rates < 0.3m/s (calculated over 5 points) was deleted from 10db to 10db above the maximum pressure.

COMMENTS ON WARNINGS: There were no warnings.
All files were put through REVERSE and DELETE (output:*.delrev).
12. DETAILED EDITING 
A study was made of casts #3, 8 and 15 to see whether upcast or downcast files should be used for archiving. For those casts there had been little or no wait after the conductivity shows that the CTD was definitely in the water. The dissolved oxygen sensor signal did not start until the CTD was at 8, 23 and 48db, respectively; the pH signal starts ~3s after that. A wait of at least 30s is recommended at a depth of about 1m to ensure the pumps turn on before the cast begins. While the upcast data are generally of  lower quality than downcast data, they were chosen for archiving for casts #8 and #15 in order to provide full profiles of DO and pH and because there was some evidence of trouble in the temperature and salinity as well. For cast #3 the upcast temperature and salinity data quality was poor near the surface, so downcast data were chosen for archiving. 

All files needed editing except for casts #43, #49 and #61. 

For cast #3 there were 2 runs of CTDEDIT, the 2nd was for the pH channel which has a slight delay in producing good data after the DO sensor kicks in. (The pH data removed were obviously bad but >0 so not padded by the earlier CLEAN run.)
For casts #8 and 15 the upcast file was chosen for editing.

CTDEDIT was used to remove records near the top and bottom of many casts. It was also used to clean salinity where unstable features looked likely to be caused by misalignment of T and C. 
Notes of editing details were made in the headers. 
T-S plots were examined and no further editing was found necessary; there are some unstable features but they are small and in areas where such features are expected.
13. Inter-comparisons
Sensor History – Since its last factory calibration all sensors except the dissolved oxygen sensor had been used for one cruise before this one and 2 after. There was no evidence of problems with the pressure calibration other than that a +0.2db offset looked appropriate. There was salinity calibration sampling for only one cruise and the results were not trusted due to delayed analysis. The dissolved oxygen sensor had been used on at least 13 other cruises since its last factory visit, about 2.5 years before this cruise. There was calibration sampling for some of those cruises with the most recent being in late 2012 when sensor was thought to be reading low by about 5%. There has been no calibration sampling reported for the pH sensor.
Comparison of repeat casts –There were no repeat casts. 

Historic Ranges – Almost all data fell within the 3 standard deviation climatology. There was a small section of cast #9 where temperature was a little high, likely because the mixed layer was deeper than usual. There were a number of casts with low salinity near the surface. The climatology is not well suited to near-coast observations, especially near the surface. 
Post-cruise calibrations – The pressure sensor was recalibrated in early January 2015 but that was after modifications; no report was found for pre-modification calibration. The errors found in December 2014 in the conductivity and temperature sensors were found to be equivalent to salinity being low by about 0.0012; if that drift is assumed to have happened linearly over time, then salinity for this cruise would be low by about 0.005. The DO sensor was found to be reading about 18% low in December 2013. 
14. CALIBRATE

There is no need to recalibrated pressure.

There is no reliable salinity calibration sampling since the last factory calibration. There was a post-cruise calibration of temperature and conductivity sensors in December 2014 that indicated a drift of ‑0.0003psu/month assuming drift was linear with time. That would lead to an estimate that salinity was low by ~0.005 for this cruise. That is the best information available so a correction of +0.005 will be applied to the salinity channel. 

The dissolved oxygen sensor has clearly drifted downwards, but the question is whether we should apply the correction from late 2012:

Oxygen:Dissolved:SBE (corrected) = 1.0465 Oxygen:Dissolved:SBE + 0.0138

or use an estimate based on the post-cruise factory report:
Oxygen:Dissolved:SBE (corrected) = 1.18 Oxygen:Dissolved:SBE

The post-cruise calibration showed the sensor to be reading low by ~18%, but there could have been damage at some point during this cruise or on the way to the factory. Confirmation that an 18% correction is justified was sought by looking at another cruise in these waters in late September 2013 that had calibration sampling, 2013-14. 
Three pairs of casts from 2013-47 and 2013-14 were found that were in approximately the same locations. The metre-averaged data were extracted to a spreadsheet for comparison. The results were poor, with a large scatter. This is not unexpected in this region, especially in light of the fact that the 2013-14 casts were each in deeper water than those from 2013-47.  Since we have a better idea of how temperature and salinity should compare those were used as a test of whether the oxygen comparison might be useful. Temperature and salinity did not compare well, even when a variety of pressure offsets were used. It is possible that using density rather than pressure would lead to better results, but the high variability suggested it was not worth the effort required. So, temperature and salinity differences were examined to find sections of the record where they were fairly steady and reasonably low. 
The comparison that looked most useful was the one at GS17.  A section of data between 83 and 118db showed temperature from this cruise to be higher by an average of 0.03 and salinity lower by an average of 0.08. Those differences are larger than the post-cruise calibration suggests and are more likely to be due to temporal and location variations. Remarkably though, the DO from 2013-47 is lower than that from 2013-14 by ~18%. That is what the post-cruise calibration suggested. The DO calibration has a lot less variability as well, no doubt due to the low vertical gradient. So, this may be just good luck, but the comparison does lend a little confidence to the recalibration. The comparisons from the other two comparisons suggest larger corrections at ~20% for one and ~24% for the other in sections with fairly steady salinity differences. For details see document 2013-14-47-DO-comp.xlsx. So, using 18% as a correction looks, if anything, to be a conservative choice. 
CALIBRATE was run using file 2013-47-recal1.ccf to add 0.005 to Salinity:T0:C0 and to multiply the Oxygen:Dissolved:SBE channel by 1.18.
15. Bin Average and REMOVE

The files were bin averaged using 1db bins.

REMOVE was run to remove Scan_Number, Conductivity:Primary, Oxygen:Voltage, Descent Rate and Flag channels. 

Dissolved Oxygen was derived in mass units and that was used to calculate DO saturation. Plots of near-surface saturation show values between 50% and 110%. Casts #5 to #15 were all between 90 and 110%. For the rest of the cruise values were between 50 and 85%.  During 2017-14 DO saturation was found to be between 90 and 110% for most of the Strait of Georgia but was between 70 and 90% for some of the casts in the central part. There was mention of highly variable weather which may explain the low values. The Vector visit to the central Strait of Georgia corresponds to the last day of this Ricker cruise. So it is likely that the waters were well mixed by stormy weather lowering near-surface DO saturation.  This result again suggests that the 18% correction is a conservative choice.
16. HEADER EDIT and final checks. 

Header Edit was used to fix headers, fix formats and channel names and to add the following note to the headers:
    Data Processing Notes:

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

    Oxygen:Dissolved:SBE and pH:SBE channels are nominal and unedited except that

       some records were removed in editing temperature and salinity.
    There was no salinity, pH or dissolved oxygen calibration sampling. Recalibration

       was based on post-cruise factory calibrations.

    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 the report: 2013-47-proc.doc.
A header check was run on the CTD files. No errors were found. 
Standards check turned up no problems.

A cross-reference listing was produced.

The sensor history was updated.
Particulars 
5, 10,15, 21 & 25,  – Approx. positions from charted ship’s position..

29 onwards – Positions recorded using handheld GPS, ship’s log used as backup when needed. 

29. CTD not switched on; pH buffer vail not removed – no cast recorded. 
31. CTD switch left on after cast. Many pressure spikes in the file.

31-61. Preliminary soak at 10m before casts.

61. Stopped to adjust wire spooler on downcast and at depth.
CRUISE SUMMARY
	Cruise ID#:    2013-47

	Dates:   Start: 17 September 2013                   End: 29 September 2013

	Location: Strait of Georgia

	Party Chief: Neville C.

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

	1
	SEABIRD
	25
	0404
	No
	Yes


Make/Model/Serial#:
SEABIRD/SBE25/0404
Cruise ID#:

2013-47


	Calibration Information

	Sensor
	Pre-Cruise
	Post Cruise

	Name
	S/N
	Date
	Location
	Date
	Location

	Temperature
	4484
	27Mar2012
	Factory
	18Dec2014
	Factory

	Conductivity
	3184
	21Mar2012
	Factory
	19Dec2014
	Factory

	pH
	0852
	21Apr2011
	Factory
	31Dec2014
	Factory -After modifications

	SBE43 Oxygen
	1119
	29Mar2011
	Factory
	31Dec13
	Factory

	Pressure 
	0573
	1Mar2012
	Factory
	30Jan2015
	Factory -After modifications
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