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PROCESSING NOTES
Cruise: 2016-31
Agency: PBS, Salmon and Freshwater Ecosystems Division, Nanaimo, B.C.
Party Chief: Neville C.



Location: Cowichan Bay

Project: Cowichan Purse Seine


Platform: F/V Ocean Venture
Date: 10 May 2016 – 21 August 2016
Processed by: Germaine Gatien

Date of Processing: 22 September 2016 – 27 September 2016
Number of original HEX files:
39

Number of CTD files: 39
INSTRUMENT SUMMARY
Two CTDs were used for this cruise:

· SeaBird Model SBE-25 CTD (s/n 0334) was used with temperature sensor #2968, conductivity sensor #2173, Wetlabs ECO Fluorometer #2215, oxygen sensor #766 and pressure sensor 0464.
· SeaBird Model SBE-25 CTD (s/n 0404) was used with temperature sensor #2095, conductivity sensor #1764, Wetlabs ECO Fluorometer #4185, pH sensor #0852, oxygen sensor #1176 and pressure sensor 0482. 
SUMMARY OF QUALITY AND CONCERNS
The log book had equipment lists and there was a good record of which CTD was in use for each cast. The times were in UTC. A spreadsheet was provided with positions, station names, water depths and CTD serial numbers; this was very helpful since position information is not in the headers.
The CTD was soaked at about 1 to 1.5db, generally for 1.5 minutes. A soak of 3 to 5 minutes is recommended by the manufacturer but that is to allow the instrument’s temperature to equilibrate. If the temperature difference between air and water is not large, a 1.5 minute soak may be sufficient. 
CTD #0404 had poorer pressure resolution than expected from a SeaBird 25 so the CTD technician was informed that there may be a problem with the settings for the instrument.
CTD #0334 performed as expected.
WARNING: The pH:SBE:Nominal data should be used with caution; no field calibration data were available. Calibration is required for each cast to get absolute values although general trends within a cast are likely real. 

There was no calibration sampling.
PROCESSING SUMMARY
1. Seasave - This step was completed at sea.

2. Preliminary Steps
The Daily Log was obtained. 
The cruise summary sheet was completed. 

A single configuration was file used for each CTD. 

The calibration parameters were checked and no errors were found. However, there is a question about what offsets to use for the pressure sensors. The pressure for CTD 0404 is too crude to make an offset estimate, but there is no obvious evidence of a problem.
A study was done by looking at the results of 3 cruises that used sensor #0334 in early 2016: 2016-31, 2016-32 and 2016-58. It appeared that pressure might be reading a little low. There is difficulty in judging where in the record the surface is encountered: there is slow equilibration of pressure at the beginning so it may appear to rise while there is actually no motion, and at the end water will remain in the plumbing for a little while after the CTD rises out of water. Despite the issue of pressure equilibration at the beginning of casts, records from the end of the soak period can generally be identified. The intent was to soak with the CTD fully submerged but close to the surface. Conditions were calm so shallow soaking was practical. We might expect a pressure of 0.7db to 1.5db. 

· During cruise 2016-31 there were surface soaks of 1 to 1.5minutes at fairly consistent pressures ranging from 0.1db to 0.8db, with an average of 0.5db. 
· Similarly, for cruise 2016-58 the soak pressures ranged from 0.4 to 0.8db and the readings at the end of casts suggest that the CTD left the water at about -0.4 to -0.6db.
· For 2016-32 the soak pressures varied from 0.3db to 5.2db and the length of the soak period was sometimes too short to trust the pressure. There are enough low readings to suggest that either the top of the CTD was out of water or the pressure is reading low by ~0.5db, but the evidence is weak.

Adding +0.5db looks like a reasonable step and would produce surface soaks at between 0.5db and 1.3db for 2016-31 and 2016-58. This may be an under-correction but it should ensure that no good data are lost near the surface because of negative pressures. We can only trust pressure from this type of sensor to within ±1db.

Configuration file 2016-31-ctd0334.xmlcon was changed by entering 0.5db for the pressure offset.

3. Conversion of Raw Data

All casts were converted using the appropriate configuration files.
Plots show that the channels all have reasonable profiles,
The times in the log are in UTC. 

As was found during cruise 2016-32 the times in the headers of the casts from CTD#334 differ from UTC by 10 hours and 10 minutes.   

The times in the headers CTD #0443 are in PDT but a day ahead, so actually 17 hours ahead.
4. WILDEDIT

This step was skipped as it does not usually work well on SBE25. There were no obvious spikes to remove from pressure, temperature or conductivity. 
5. FILTER

Tests were run on a few casts to choose a filter for these data. 
SBE25 0334– There is a lot of fine-scale noise in the pressure, temperature and conductivity channels. But the pressure resolution looks normal with steps of ~0.15db. WFILTER was run with a filter width of 5 and this worked well without over-smoothing. When salinity is derived it looks much better with this filter. A test was made using a low-pass filter, but it was no better than the window filter which is the usual choice for this CTD type.

SBE25 0404 -The pressure looks steppy for all widths tested using WFILTER but the filter worked well on the temperature and conductivity and the resulting salinity looks good. The pressure readings from this sensor are odd with the steps being ~1.3db, much grosser resolution than expected from an SBE25. This same problem was noted in 2015.

While the WFilter is the usual choice for the SBE25s, a test was run using a low-pass filter with a 0.5s time constant for pressure and a 1s time constant for conductivity. The results were smoother for pressure but worse for salinity and temperature, with many unstable features in T-S space. The WFILTER approach produced better salinity. 

So WFILTER was run on all casts using a width of 5 for pressure, temperature and conductivity.
6. ALIGNCTD

For SBE25 #0334 a setting of +2.5seconds looks best at bringing temperature and dissolved oxygen traces into alignment though there was little variation between 2s and 3s. The +2.5s setting was applied to all files.

For SBE25 #0404 the DO traces have few distinctive features to enable a good test of the best setting, but +2.5s does improve the alignment.
ALIGNCTD was run on all files using +2.5s.
7. CELLTM
SeaBird recommend the use of (α, 1/β) = (0.04, 8) for CELLTM for the SBE 25. Tests on two casts for each CTD show that was an appropriate choice, so CELLTM was run on all casts using that setting.
8. DERIVE

Program DERIVE was run to calculate salinity and dissolved oxygen concentration. 
9.  Conversion to IOS Headers
The IOSSHELL routine was used to convert the CNV files to IOS Headers. This was done separately for each CTD to get the correct information in the headers.
CLEAN was run to replace pad values in the pressure channel with interpolated values. 
Time was adjusted using program ADD TIME CHANNEL as follows:
· For CTD #0334 the times were adjusted by subtracting 10 hours 10 minutes (-10.17hrs). This is the same adjustment used for this CTD during cruise 2016-32.

· For CTD #0404 the times were adjusted by subtracting 17 hours.
10. Checking Headers
Some header information was missing: latitude, longitude, station name and water depth.

A spreadsheet was provided and that was used to prepare file 2016-31-merge.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 cross-reference listing was produced and checked against the log entries. Cast #51 was found to be missing because the event number was wrong in the header-merge file. This was corrected and the merge routine rerun for that file. For event #45 there is a discrepancy between times in the log and CTD file.  No change was made since the file appears to be correct based on time required to run a SET cast.
A header check was also run and no problems were found.
A track plot shows one cast (#142) on land, but this is likely a result of lack of detail in the coastline file. A check of Google Maps shows the site is clearly in water. The plot was added to the end of this report.
The surface check was run:
· For the SBE25 #0334 the average surface pressure was 0.2db but many of the values look like they might be out of water and/or pumps not on. The CTD was soaked at between 0.6 and 1.3db for about 1.5 minutes. The pumps turned off at about -0.4db at the end of the casts. Whether that marks the surface is not clear there are only 2 or 3 seconds between pressure equaling 0 and the pumps turning off, so this might just be water carried briefly by the sensor while above the surface.   The pressure is likely good to ±0.5db, which is within the specifications. 
· For the SBE25 # 0404, the surface values are about +1.1db but for many of the entries the salinity is very low. There was a soak at about 1 to 2db for about 1.5 minutes. From the upcasts it appears that the pumps turned off at about +0.4db; during the downcasts +0.4db looks to have been in water. Since the pressure steps are large for this particular sensor the surface check data are not very useful, but the pressure certainly look likely to be good to ±1db, which is the specification.
Profile plots turned up serious problems during casts #91 to 110. Temperatures rise just below the surface then fall steadily throughout the cast including through the upcast until they rise again slightly right at the surface. The salinity values are very low and rise steadily through the series of casts even though the order of casts does not follow any logical geographic progression and they were all gathered over 2 days, so it is unlikely that it reflects temporal change. The values rise just below the surface, then fall towards mid-depths and then start rising again to the bottom, and then fall through the upcast. If temperatures are bad, then we would expect bad salinity data. The dissolved oxygen profiles also look odd; while the downcast might suggest waters that are well mixed, the upcasts look quite different which we would not expect if the waters were well mixed. All these profiles suggest that the pump was not working or that something was plugging the intake tubing. The fact that salinity gradually increases through the casts makes the latter explanation more likely. Fluorescence seems very high all the way to the bottom for these casts, but they are not very deep and it is possible there was a strong bloom underway. The upcast looks reasonably close to the downcast and this sensor is not pumped, so these data are likely fine.  The pH sensor was not pumped and plots of pH from casts 91-110 do not stand out as odd. While they show more variation than the casts from May and mid-June, the August casts show even more variation. 
11. SHIFT 
pH

· CTD #0334 did not have a pH sensor.

· For CTD 0404, the tests for alignment are not very helpful because the profiles have few distinct features to compare with temperature plots. When used during 2015-26 a shift of +5 records was used, so it was also selected for this cruise.  

Conductivity  
For the SBE25 #0334 a shift of +0.5 records improved the data slightly. 
For the SBE25 #0404 every shift tested makes the data look worse. No adjustment is needed.
Fluorescence

The fluorometers on the SBE25s were not pumped, so a shift in alignment is expected to be small or unnecessary. Profile plots of temperature and fluorescence were examined but the steps in the fluorescence are hard to relate to variations in temperature which was filtered so the steps are gone. No further alignment adjustment will be made.
Oxygen 

The dissolved oxygen channel was aligned earlier in processing, but was checked again. As usual, the results vary from feature to feature as local vertical gradients and descent rates affect the alignment. No further shift will be applied.
12. DELETE, CLIP and CTDEDIT
DELETE was run on all casts using the following parameters: 

Remove Surface Records in the top 10m.

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.
In case they are needed the SHF files were put through REVERSE and then DELETE. An initial examination shows the upcast files looked worse than the downcast files for events #91-110.
Plots were made to see what editing was needed. It was clear that most data above 1.5db were poor, being from the soak period or the very beginning of the descent. There were large spikes and obviously unstable features.
CLIP was run to remove data with pressure <1.5db.

All files were examined in CTDEDIT and some editing was applied to most casts. This mostly involved removing surface records.  There was also some light cleaning of salinity and the removal of records that were likely corrupted by shed wakes. 
HEADER CHECK was run and some negative fluorescence and dissolved oxygen values were found, so CLEAN was run twice to replace those with pad values. These are near-surface values – most were removed in editing temperature and salinity but a few remained.

HEADER CHECK was re-run to ensure all were removed and they were. 

14. Inter-comparisons
Sensor History – There is no useful history for these sensors since they have not been used on any other recent cruises with calibration sampling.   
Comparison of repeat casts –There were casts that were close in space but not time. They are not useful for judging the repeatability of the CTD. 
Historic Ranges – The local climatology covers a fairly large area so it not expected to be a good match for this region particularly when close to shore. Nonetheless, profile plots were examined with the climatology superimposed. 
· Temperatures were a little high for the two May legs by up to 1Cº. They were within the climatology in mid-June. The May temperature values are within the summer climatology, so these excursions in this shallow water area could well be because spring 2016 was warm. For events #91-110 from late June, the temperatures are high by about 4Cº at mid-depths and 3Cº nearer the bottom. Temperatures were also higher for the August leg by as much 2Cº near the surface and but were within or close to the climatology at depth. 
· Most salinity fell within the climatology. One exception was during the first leg in early May when the salinity was generally within the climatology but the sites nearest the Cowichan River had frequent values below the minimum (by <1psu). As seen for temperature those outliers would fall within the summer climatology. The late June salinity all fell far below the climatological minimum. For event #91 salinity was low by >20psu and each cast thereafter had values somewhat closer to the climatological minimum so that #110 was low by ~1psu. 
Post-cruise calibrations – None available.
15. CALIBRATE

There was no calibration sampling and no useful history to enable estimates. Pressure appears to be ok with the offset applied in conversion. No recalibration was applied.
16. Fluorescence Filter

This step will be skipped as the fluorescence is not very spiky.
17. Bin Average and REMOVE
The files were bin averaged using 1db bins.
T-S plots were examined and just a few small unstable features were noted; those could be real, so no further editing was applied.
The data from events #91 to #110 are clearly unusual, but are they bad? Given that the Strait of Georgia is noted for sudden changes, a few checks were made to ensure this is not a matter of real variability. 
· The data fell well outside the local climatology. Small excursions are expected given the area included in the climatology is quite large and it covers 3 months. These excursions were very large, especially in salinity. 

· On a T-S surface the casts from all the other legs fit into fairly tight groups with temperature increasing between legs, but those from the late June leg stand out from each other and from all the other groups in having notably low salinity and somewhat higher temperatures. 

· The salinity has very low values for the first cast and then increases over the 2 days. The sites are fairly randomly situated so that we would not expect a steady increase if there really was an event leading to extraordinarily low salinity at all depths. 
· Temperatures were not as out of line as salinity, but seeing temperature fall steadily through the upcast is very odd. For event #91 the downcast temperature at 20m was ~16ºC while at the same depth on the upcast it was 13ºC. This is clear evidence that the pump was not working properly.

· Data from 2016-07 in nearby Satellite Channel on June 20th shows temperature ranging from 12ºC at the surface to 9.1ºC at the bottom and salinity varying from 28psu to 31.6psu. So there is no evidence of high temperature or low salinity water from that cruise.
· Dissolved oxygen starts high for event #91with a range from ~5 to 6mL/L. DO values for the following casts drop fairly steadily with values at 50m falling from 5mL/L to 3.5mL/L. The deepest DO from Satellite Channel was 3.6mL/L with values at 50m about 4.3mL/L. 

· The downcast and upcast temperature, salinity and DO traces are not offset vertically as we expect and as we see from the other casts.
So there is no hint that these odd data are real. Several observations point to a problem with the pump plumbing.
REMOVE was run to remove Scan_Number, Conductivity:Primary, Oxygen:Voltage, Descent Rate and Flag channels from all casts. 

For casts 91-110, Temperature;Pimary, Salinity:T0:C0 and Oxygen:Dissolved:SBE were also removed.
Dissolved oxygen% surface saturation was calculated and plotted. Near-surface values ranged from 85% to 130%. In early May when fluorescence was low DO saturation was all in the 90% to 110% range. In an area with great variability we can only say that the values are reasonable.
18. 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:
For CTD #0334

Data Processing Notes:

Fluorescence and Oxygen:Dissolved:SBE channels are nominal and unedited except

   that some records were removed in editing temperature and salinity.

There was no salinity or dissolved oxygen calibration sampling and no other

   information available upon which to base a recalibration.

For details on the processing see the report: 2016-31-proc.doc.

For CTD #0443

Data Processing Notes:

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

Fluorescence and Oxygen:Dissolved:SBE channels are nominal and unedited except

   that some records were removed in editing temperature and salinity.

There was no salinity or dissolved oxygen calibration sampling and no other

   information available upon which to base a recalibration.

Pumped channels were removed from casts #91 to 110 because the data were bad

   likely due to clogged plumbing.

The quality of data from CTD #0404 is lower than usual for this cruise due to 

   low resolution in the pressure. 

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

   data were available at the time of processing.

   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: 2016-31-proc.doc.
A cross-reference listing was produced.

A header check was run on the CTD files and no errors were found.

The sensor history was updated.
Profile and T-S plots were examined and no problems were found.
CRUISE SUMMARY

	Cruise ID#:    2016-31

	Dates:   Start: 4 May 2016                   End: 21 August 2016

	Location: Discovery Islands

	Party Chief: Neville C.

	CTD#
	Make
	Model
	Serial#
	Used with Rosette?

	1
	SEABIRD
	25
	0334
	No

	2
	SEABIRD
	25
	0404
	No


CTD CALIBRATION INFORMATION
Make/Model/Serial#:
SEABIRD/SBE25/0334
Cruise ID#:

2016-31


	Sensor
	Pre-Cruise
	Post Cruise

	Name
	S/N
	Date
	Location
	Date
	Location

	Temperature
	2968
	23Dec2014
	Factory
	
	

	Conductivity
	2173
	19Dec2014
	Factory
	
	

	ECO Fluorometer
	2215
	May 2015
	?
	
	

	SBE43 Oxygen
	0766
	23Dec2014
	Factory
	
	

	Pressure 
	464
	23Dec2014
	Factory
	
	


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

2016-31


	Sensor
	Pre-Cruise
	Post Cruise

	Name
	S/N
	Date
	Location
	Date
	Location

	Temperature
	2095
	1Apr2011
	Factory
	
	

	Conductivity
	1764
	3Jan2014
	Factory
	
	

	pH
	0852
	18Jan2016
	
	
	

	ECO Fluorometer
	4185
	2Nov 2015
	?
	
	

	SBE43 Oxygen
	1176
	19Dec2015
	Factory
	
	

	Pressure
	482
	4Jan2016
	Factory
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