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PROCESSING NOTES
Cruise: 2016-32
Agency: PBS, Salmon and Freshwater Ecosystems Division, Nanaimo, B.C.
Party Chief: Neville C.



Location: Strait of Georgia

Project: Discovery Islands Purse Seine

Platform: F/V Nordic Queen
Date: 10 May 2016 – 13 July 2016
Processed by: Germaine Gatien

Date of Processing: 15 Sept. 2016 – 21 Sept. 2016
Number of original HEX files:
107
Number of CTD files: 105 (1 missing; 1 rejected)
INSTRUMENT SUMMARY
The CTD used was a SeaBird Model SBE-25 CTD (# 0334) with temperature sensor #2968, conductivity sensor #2173, Wetlabs ECO Fluorometer #2215, oxygen sensor #766 and pressure sensor 0464.
SUMMARY OF QUALITY AND CONCERNS
· The log book lacked an equipment list. A spreadsheet was provided with positions, station names and water depths; this was very helpful.
· The CTD was soaked above 1db, generally for less than 1 minute, and for many casts the pump did not come on until the CTD was on its way down. The fluorometer was unpumped but acquisition of fluorescence did not start until the pump was on. There was no winch on the charter vessel and descent and ascent rates were often very high, so for at least half of the casts the downcast data are unusable in the top 5 to 35m. Upcast data were selected for archiving.
· A 2-minute soak is recommended, but a 1 minute soak is absolutely necessary. 
· No data could be found for event #331. 
· File 2016-32-0143 was rejected because the pump did not come on until the CTD was at about 10m during the upcast. This was a shallow cast with a very high descent/ascent rate and the soak period was only about 30s. 
· The data in the CTD files come from the upcasts. The quality of data is lower than usual because upcast data are affected by wakes from the cable and CTD and because the ascent rate was highly variable. However, the range of values in most profiles is small which limits the size of errors.
· 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. 

The configuration file was checked and no problems were found. It was saved as 2016-32-ctd-xmlcon.
The sensors have been used on other cruises but none are known to have included calibration sampling. 
3. Conversion of Raw Data

All casts were converted using the appropriate configuration files.
Many casts were examined to see if there is any consistent evidence to justify a pressure correction. Not knowing precisely when the pump was turned on and off makes interpretation difficult. The sensor takes a few minutes to equilibrate and so values from the beginning of the file are not reliable. For one cast the CTD was left on after the end of the cast and it is clear that it is out of water, but the pressure steadily rises, possibly because temperature was much higher than in water and was probably rising in air as well. This highlights the uncertainties of using deck readings for strain gauge sensors. There are many examples of conductivity rising while pressure is <0 at the beginning of casts, but the pressure may not have fully equilibrated and the conductivity is very low so there could be some surface spray producing such results out of water. At the end of casts there are also cases of non-zero conductivity associated with negative pressures but in those cases the pump is likely off and water may remain in the conductivity cell for a few records. The CTD often moves quite quickly so there are often only a few records between -0.3db and +0.3db. So those values do not look very reliable either. Nonetheless, there are some conductivity values that appear to be in water but have pressures as low as ‑0.8db. 
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 soak pressure of 0.7db to 1.3db. But the soak pressures actually vary from 0.3db to 5.2db and the length of the soak period is 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 not strong. 

During cruise 2016-31 the same CTD was used for some casts and the picture looked a little clearer since there were longer surface soaks and fairly consistent pressures for the soaks, ranging from 0db to 0.7db, with an average of 0.4db. 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.

Adding +0.5db looks like a reasonable step and produces surface soaks at about 0.5db to 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.
The configuration file 2016-32-ctd.xmlcon was changed by entering 0.5db for the pressure offset.

CONVERT was rerun with the revised pressure offset.

Plots were examined. There is a serious problem with the downcast data. For many casts the dissolved oxygen and fluorescence signals do not appear until the CTD is descending. For cast #35 the signal doesn’t appear until the CTD was at 36db. Salinity is also bad above those depths, so it is clear that the pump had not turned on. The problem is not as obvious in temperature but it will be unreliable as well. The DO signal typically appears at about scan #450 to 500, so about 1 minute after CTD acquisition began. The pump turns on 45s after the conductivity rises above a preset value to allow air to escape the pump tubing. So you must allow >45s before descent. We recommend allowing at least 1 minute and preferably 2 so that the pump will have a short period running before starting the descent. For cast #35 the descent started at about scan #312 (39s) and for cast #143 it started at scan #258 (32s).
Assuming that near-surface data is important, the upcasts will be processed but the quality of these data is considered lower than usual. Fortunately, low vertical gradients will limit the size of the resulting errors.
4. WILDEDIT

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

A window filter with type cosine, size 5 is the usual choice for this CTD type.

The pressure resolution has the usual steps of ~0.15db and a few small reversals; there is a step pattern of alternating small increases followed by no change to the next record, so filtering looks like it would be useful. WFILTER was run with a filter width of 5 and applied to pressure, conductivity and temperature. This worked well by removing steps without over-smoothing. When salinity is derived it looks much better with this filter, but there are some unstable features likely caused by shed wakes or they may be real unstable features. 
So WFILTER was run on all casts using the cosine filter, size 5.
6. ALIGNCTD

It is difficult to test settings to align the dissolved oxygen traces with temperature because the pump came on late for many casts, so data from 2016-31 and 2016-58 were examined first. 
For both 2016-31 and 2016-58 a setting of +2s looks best overall, though as usual there are features that might be improved by a higher setting and others that would likely be improved by lower settings.

ALIGNCTD was run on all casts with a setting of +2s.
7. CELLTM
SeaBird recommend the use of (α, 1/β) = (0.04, 8) for CELLTM for the SBE 25. Tests on a few casts showed 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. 
CLEAN was run to replace pad values in the pressure channel with interpolated values. 
The times in the headers are said to be in UTC but they appear to be roughly 17 hours and 10 minutes later than the log times which are said to be in PDT. Data in the spreadsheet provided are in agreement with log times plus 7 hours, so truly in UTC. The simplest way to fix start times is to subtract 10 and 10 minutes from each file. This appears to be off by a few minutes for a few casts but that is likely due to real differences between when the log entry was made and when the file was started.

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 2016-32-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 header check was run and shows unbelievable vessel speeds for 3 casts near the end of the cruise.
A cross-reference listing was produced and checked against the log entries and shows that there is a mix-up in file names late in the cruise, between events #312 and 331. 

The file named as 312 contains only a few surface records.

The file named as 314 has a time that is just a few seconds after 312 and probably contains the data appropriate for Set 125, so should be renamed as 312. 

Judging by start times in the files, the file names stayed out of order up to file #331.

So files 314, 316, 320, 321, 323, 325 & 331 were renamed 312, 314, 316, 320, 321, 323 & 325, respectively, in the ATC files. The event numbers in the file headers were changed as well.
There is no file corresponding in time to event 331.

Events #334 to the end appear to be correctly identified.

A track plot is very messy if labels are attached, so a plot was made with just sites indicated; this was added to the end of the report. The header check was redone and the speeds look fine. No other problems were found.
The surface check shows an average values of +0.3db; the surface salinity values are mostly close to 0.  Where salinity is >1 the pressure is usually at about the soak level and almost always >0.5db. So the offset applied in conversion is producing reasonable results, but pressure must be considered ±1db.
11. SHIFT 
Plots were made to see if any channels needed alignment.

Dissolved oxygen was aligned earlier and does not appear to need further adjustment, though it is difficult to judge with the pump off at the surface and little vertical variability. 

The ECO fluorometer is not pumped and usually needs either no alignment or a small adjustment; the alignment looks good.
Conductivity  
Tests were run to judge what shift to conductivity would lead to the best noise reduction in the salinity as judged by looking at T-S plots. A shift of +0.5 records improved the data slightly in both downcast and upcast. Larger or smaller shifts were slightly less effective. 

SHIFT was run applying a setting of +0.5records to the primary conductivity.  Salinity was recalculated.
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.
All files were put through REVERSE and DELETE with output files called *.DELREV. There were no warnings for the upcast files.
Plots were made to see what editing is needed. Editing of upcast files is complicated because the CTD carries deeper water with it so the sensors are passing through mixed water. When the CTD is moving steadily this may produce a reasonable profile, just offset slightly in the vertical. But during this cruise the ascent rate was very irregular with speeds from 0 to -2.5m/s. When the ascent rate varies greatly the result would be complex. At the surface there are often large unstable features, perhaps the sensor is moving through a mix of in situ waters and stirred up waters and the CTD is frequently bobbing up and down. It is difficult to determine which values are reliable.
For many casts the range of values is very small so that tiny unstable features look significant in T-S plots but are not. Editing was limited to features that are likely caused by instrumental problems.
It was clear that most data above 0.5db were poor, CLIP was run on the DELREV files to remove data with pressure <0.5db.

T-S plots were examined for all CLIPREV files and about half of them were opened in CTDEDIT. Some editing was applied to 44 casts. This mostly involved removing records near the top and bottom of casts and some cleaning of salinity. 
Profile plots illustrate a serious problem with cast #143 which was a shallow cast with only a 32s soak and high CTD descent and ascent rates. The pump did not come on until the cast was almost over. The fluorescence and dissolved oxygen have no signal until the cast reached 10m on the upcast and by the time the DO had equilibrated the CTD was at about 7m. Temperature and salinity look reasonable for the upcast but with the pump off there is no reason to believe the data below 7m. This cast will not be processed further.
14. Inter-comparisons
Sensor History – There is no useful history for these sensors since they were last calibrated at the factory. They were not used on any other cruises with calibration sampling.   

Comparison of repeat casts –There were repeat casts at many sites but they were very shallow and in most cases significantly separated in time, so comparing casts is not useful for quality control. 
Historic Ranges – Local climatology was only available for the most southerly sites for this cruise. Plots of temperature and salinity with the local climatology superimposed show all salinity values and most temperature values within the normal range. One temperature profile had high temperatures at the top and below 30m. That one outlier cast was taken very close to shore; the climatology is too severe for near-shore outliers to be significant.

Post-cruise calibrations – None available.
15. CALIBRATE

There was no calibration sampling and no useful history to enable estimates. No recalibration was applied.
16. Fluorescence Filter

As usual, this step will be skipped as the ECO fluorometer data was not very spiky.
17. Bin Average and REMOVE
The upcast files were bin averaged using 1db bins.

T-S plots were examined and there are many small unstable features; those may well be real, so no further editing was applied.
18. Derived Quantities and DO Saturation
Dissolved Oxygen in mass units was derived and DO saturation was calculated. Plots were made to see if the surface oxygen saturation looked reasonable. Values varied from ~75% to 135%. Values >100% were only seen in the south-eastern part of the cruise area. Lower values are expected in areas of active vertical mixing typical of this region. The highest values were in the early May. In early June saturation rates in that area were in the 100%-110% range, as expected. Those areas were not visited after June 16th.  So the dissolved oxygen surface saturation looks reasonable.
REMOVE was run to remove Scan_Number, Conductivity:Primary, Oxygen:Voltage, Descent Rate and Flag channels from all casts. 

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:
    ----------------------------------------------------------------------------------

    Data Processing Notes:

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

    The data in these files come from the upcast portion of the casts due to

      problems with the near-surface data in the downcasts. The quality of 

      upcast data is considered lower than downcasts due to the CTD passing

      through waters disturbed by the cable and CTD. However, for many casts

      there was strong vertical mixing leading to narrow ranges of variables 

      so that the errors are likely small. 

    Fluorescence and dissolved oxygen data are nominal and unedited, except 

      that some records were removed in editing temperature and salinity.

    There was no salinity calibration sampling and no other information

      available on which to base a recalibration.

    For details on the processing see processing report: 2016-32-proc.doc.

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

A header check was run on the CTD files and it was found that there were negative fluorescence values. CLEAN was run on the REO files to replace negative values with pad values. Header Edit was rerun.
Header check was rerun and no further errors were found.

The sensor history was updated.

Particulars
18. CTD hit bottom
232. Strong current

266. During upcast CTD held at 29m for ~20s due to mechanical problems.

281. Strong current/wind

334. CTD left on after cast completed.

CRUISE SUMMARY

	Cruise ID#:    2016-32

	Dates:   Start: 10 May 2016                   End: 13 July 2016

	Location: Discovery Islands

	Chief Scientist: Neville C.

	CTD#
	Make
	Model
	Serial#
	Used with Rosette?

	1
	SEABIRD
	25
	0334
	No


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

2016-32


	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
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