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PROCESSING NOTES
Cruise: 2022-010
Agency: PBS, Ecosystem Sciences Division, Nanaimo BC
Chief Scientist: King J.


Platform: Nordic Pearl
Location: WCVI & NWCVI

Project: Integrated Pelagics Ecosystem Science Survey


Date: 4 July 2022 –3 August 2022
Processed by: Germaine Gatien

Date of Processing: 18 January 2023 – 25 January 2023 
Number of original XML files: 54 (2 empty; 1 only surface data)
Number of CTD files: 
51

Number of BOT files: 51
INSTRUMENT SUMMARY
Two CTDs were used during the cruise:

· SeaBird Model SBE-25plus CTD (s/n 1091) was used with temperature sensor #6376, conductivity sensor #4799, SeaPoint Fluorometer #3685, dissolved oxygen sensor #1483 and pressure sensor 1091.
· SeaBird Model SBE-25plus CTD (s/n 1123) was used with temperature sensor #2968, conductivity sensor #2173, Wetlabs ECO Fluorometer #3251 dissolved oxygen sensor #0766 and pressure sensor 1123.

SUMMARY OF QUALITY AND CONCERNS
The log book was in good order with comments about problems encountered. 
Header information (station names and positions) was not entered in the raw files, but an electronic log was provided that contained the necessary details. This was very helpful.
The file names were non-standard. They included start time but no cast number; this was awkward to correct. Event numbers were entered in the files themselves, so checks were possible.

The CTD deployment scheme included a 10m soak before running the full cast. The stops at 10m during the soak lasted from 20 to 60s. The choice of 60s is best. Stops at the surface after the soak were generally very brief; to get the best near-surface data it would be better to wait a little longer, say 30s,  for the water settle somewhat before the full cast.
Samples were collected at 5m using a Niskin bottle deployed at the same time as the CTD was in water and the same event numbers are used for both. BOT files were prepared that include salinity, extracted chlorophyll, dissolved oxygen and nutrient samples plus CTD data extracted from downcast CTD files averaged over 0.5m at the nominal sampling depth (5m). 
The quality of data from CTD #1091 (used up to cast #137) was higher than from CTD #1123. The first 2 casts using CTD #1123 had particularly poor surface salinity data. A few other casts had unstable features that were associated with descent rate minima but not rates so low as those usually associated with shed wake corruption. There appears to have been intermittent flow rate variability.
Pressure was accurate at the surface for both CTDs.

The comparison of CTD salinity with bottle samples was limited to 5m and had a lot of scatter, but median differences suggest that calibration of sensors used on both CTDs was reasonably good. 
The sampling of dissolved oxygen was insufficient to assess calibration because all samples were from a level where DO values were very high and vertical gradients were frequently large. A good range of DO values is needed to do a reliable comparison. This was the first use for both oxygen sensors since they were last serviced at the factory, so while little calibration drift is expected dissolved oxygen is generally found to read low by at least 1 or 2%.

The fluorometer used during events #149 to #214 malfunctioned, so that channel was removed.
PROCESSING SUMMARY
1. Seasave - This step was completed at sea. 
2. Preliminary Steps
The Daily Log and a spreadsheet of sampling done were obtained. 
The cruise summary sheet was completed. 
Two SBE25 CTDs were in use; both had a 16Hz sampling rate.
3. Conversion of Raw Data
There were 2 configuration files used at sea; both were correct except that the serial number of the fluorometer on the 2nd was missing, but was available from the log book.
The files were saved as 2022-010-ctd1.xmlcon for events 1-145 and as 2022-010-ctd2.xmlcon for events 149-214. All files were converted to CNV format.

File #145 contains only a little surface data so will not be processed further. There were no date for events #132 and 140.
Initial plots show reasonably long waits at 10m, but stops at the surface after the soak were generally very brief. 
All expected variables are present.

Pressures at which conductivity drops suddenly at the end of casts were used to judge pressure calibration. Both CTDs did well with CTD #1 having pressure between 0db and +0.1db

and CTD #2 having pressures between- 0.2db and 0db. These are well within the specifications for these sensors. The pressure looked noisier in CTD #1 than #2.

Fluorescence values are all >0 except for a  few surface spikes. Late in the cruise fluorescence is very low. Dissolved oxygen, temperature and conductivity look normal.
4. WILDEDIT

A few casts were checked for spikes and a few were found in conductivity. 

WILDEDIT was run to remove spikes from the pressure, depth, conductivity & temperature only in the full cast files (*.CNV).  

Parameters used were: 
Pass 1    Std Dev = 2 
Pass 2    Std Dev = 5 
Points per block = 32
The parameter “Keep data within this distance of the mean” was set to 0 so all spikes would be removed.

The routine removed spikes effectively.
5. FILTER
Usually data from SBE25 CTDs are put through the FILTER routine at this stage, rather than leaving it until the DELETE stage as is done for SBE911 data. However, for this cruise the sampling rate was higher than usual, at 0.0625s, so this step did not prove useful.
Tests were run to see if the usual approach of applying a cosine filter to temperature and conductivity using routine WFILTER did a good job of removing small reversals. Filter size 5 to 21 were tested and size 19 removed most problems. This is a larger size than usual, but the sampling rate is 16Hz compared to 8Hz from most cruises. WFILTER was run on all casts using size 19.
6. ALIGNCTD

Based on tests run for other cruises in this project using the same DO sensor, ALIGNCTD was run on all casts to advance the DO channel by 2.5s. Plots were examined after this step and the results look excellent.
7. CELLTM
CELLTM was run on all casts using the SeaBird recommended parameters, (α, 1/β) = (0.04, 8).
8. DERIVE

Program DERIVE was run to calculate salinity and dissolved oxygen concentration (tau correction included). Plots were examined and confirmed that steps 5, 6 and 7 had improved the data.
The DO alignment looks good overall, though there is a lot of noise making it difficult to judge.

9.  Conversion to IOS Headers
The IOSSHELL routine was used to convert the CNV files to IOS Headers. 
Positions, water depths and station names were not entered in the headers, but were in a digital log. The data were reformatted in spreadsheet 2022-010-mrh.csv. Merge CSV File to Headers was run. 
To ensure the files had been renamed properly, a cross reference listing was produced and opened in EXCEL. The data from the digital log were added to the file, the 3 casts with no data removed and the station names compared. No errors were found.
CLEAN was run to add event numbers and replace pad values in the pressure channel with interpolated values. A header check was run to ensure there were no negative fluorescence values and there were none. There are some obvious spikes but most should be removed by DELETE.

10. Checking Headers
The cross-reference and header checks had already been checked.

Track plots looked ok so were added to the end of this report.
The surface check was run separately for the 2 CTDs on the CLN files. 
For CTD #1123, there was an average of -0.042db, with a range of -0.06 to +0.00db.
For CTD #1091, there was an average of 0.094db, with a range of -0.05 to +0.22db. 

Both sensors are reading well within the specifications. CTD #1091 has slightly higher values and it was also quite noisy.

None of the casts had a well-mixed near-surface layer.

11. SHIFT 
Conductivity  
SHIFT was run using a variety of settings followed by a pass through DELETE to see which made the most improvement to stability in T-S space. Profiles were also examined comparing differences between down and upcast temperature and salinity. Negative shifts made the data look worse. Settings from +0.6 records to +2.1 records made some improvement with the best choices found being +1.5 for CTD #1 and +1.8 for CTD #2. The improvements were minor as there are clearly some near-surface features that will need editing.
Shift was run on casts #1-137 using +1.5 records and on casts #145 to 214 using +1.8 records..

Fluorescence

Two different fluorometers were used for this cruise. The first type is usually pumped which generally means it needs alignment. But tests using different shifts made the data worse, so it likely was not pumped. 
The fluorometer used for the later casts is a type not usually pumped, values were very low so alignment is difficult to judge. This type of sensor is not usually pumped so does not require alignment adjustments.
No shift was applied to either sensor.

Dissolved Oxygen

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

12. DELETE

DELETE was run on all casts using the following parameters: 

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

Pressure filtered over width:    11

Swells deleted. Warning message if pressure difference of 2.00

Drop rates < 0.3m/s (calculated over 9 points) was deleted from 10db to 10db above the maximum pressure.

COMMENTS ON WARNINGS: There were no warnings.
13. DETAILED EDITING

All DEL files were copied to *.EDT so there will be a complete set of files even if some need no editing.

CTDEDIT was used to remove records corrupted by shed wakes and to clean salinity where unstable features looked likely to be caused by misalignment of T and C. 
For CTD #1, 24 casts out of 34 were edited, mostly near the surface and bottom.
CTD #2 was more difficult to edit. The first 2 casts had salinity excursions near the surface creating very unstable T-S profiles. While the salinity excursions are seen in areas of large temperature gradients, the temperature profiles look stable and likely those data are fine. The excursions in salinity could not be addressed by simple editing, so salinity points were removed and temperature data were left. 
· For cast #149 salinity data were removed from 10.4db to 13.4db.

· For cast #155 salinity data were removed from 0db to 8.5db.

A few other casts using CTD #2 seem to have unstable features that are associated with descent rate minima but not as low as would usually lead to shed wake corruption. Some such features were removed as they really look instrumental in nature, but some could be real and were small, so were left unedited. 17 out of 19 casts were edited.
Notes of editing details were made in the headers.
All EDU files were copied to *.EDT.
T-S plots were examined after this step. A few small unstable features were found, mostly in the southern section when CTD #1123 was in use. These could be real features due to active mixing, or may be related to the lower quality of data seen at times from that CTD. No further editing was applied.
A median filter was run on the files with the SeaPoint fluorometer. The filter had no effect on the later casts due to low sampling rate of the sensor, so that step was skipped for casts #149-214. 

The files were then bin-averaged to 0.5m for use in comparing with the bottle data.
14. Initial Bottle Data Steps 
There was no rosette available for this cruise. Bottle samples were taken during a separate cast to 5m while the CTD cast was underway.
Nutrients, salinity and dissolved oxygen were sampled at the same time as CTD casts while extracted CHL were taken during all events. There are no CTD casts for comparison for the majority of the CHL samples.
Each of the analysis spreadsheets were examined to see what comments the analysts wanted included in the header file. These were used to create file 2022-010-bot-hdr.txt which will be updated as needed during processing. (A separate file 2022-010-bot-hdr2.txt was later created for files 149-214.)
The sample data were combined in a single workbook named 2022-010_CTD_bottle_comparison.xlsx, excluding the CHL samples with no corresponding CTD casts. The CTD files were thinned to 5m and the data exported to a spreadsheet. Those data were added to the workbook and combined with bottle data. Separate sheets were created for comparison of salinity, dissolved oxygen and chlorophyll samples with CTD data. 
A 6-line header was added to the main worksheet and saved as 2022-010_CTD_bottle_6linehdr.csv. This will be used later to created individual BOT files later.
15. Comparisons
· Florescence vs Extracted CHL 

For the first CTD the comparison looks better than usual. We usually find the ratio of FL/CHL is high for low CHL and drops to about 40-50% of CHL when CHL is high. There were no really low CHL values which accounts for the better results at the lower end of the CHL range. At the high end of the range Fluorescence ranges from 40% to 100% of CHL. The difference from many other cruises may be because the sample was not gathered from a rosette at the end of a cast, so incomplete flushing of Niskin bottle is not so significant an issue. If there is incomplete flushing it would have limited effect at 5m.
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For the 2nd CTD the fluorometer was a WetLabs ECO. The results for this one are most unusual. The only cast for which the fluorescence was remotely close to chlorophyll was #149 and that was the only cast during which the cap had been left on accidentally. For all other casts fluorescence ranged from 2% to 10% of CHL values. As is typical of fluorometers the ratio FL/CHL was inversely proportional to CHL. This is not a fluorometer type that has variable gain cables, and no explanation was found for the very low values so this channel will be removed later.
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· Bottle Salinity vs CTD Salinity

The CTD Salinity was low by a median of 0.0004psu, but the standard deviation was 0.343psu. When 5 outliers were excluded (absolute differences >0.1psu) the median was -0.0031 with a standard deviation of 0.035psu. However, this calculation combined the 2 CTDs. 

For CTD #1 the median is -0.0063psu if 2 outliers are excluded. 

For CTD #2 there are only 5 samples and 3 were outliers. The large differences came from casts with large gradients around 5m. For CTD #2 only one cast was well-mixed at 5m and it showed the CTD reading high by 0.0042psu. 

Salinity analysis was somewhat delayed so there may have been some increase in sample values due to evaporation and/or desorption of glass particles.

Given the nature of the comparison the results look good for CTD #1 and probably ok for CTD #2.

The most severe outlier had been flagged by the analyst as having a cap that was not tight but the seal looked uncompromised. This was a cast with a high vertical gradient and the bottle values is lower than the CTD; there is no evidence of evaporation. No change to the flag is justified.

Recalibration is not necessary.

· CTD Dissolved Oxygen vs Titrated DO samples

The titrated samples ranged from 5.67mL/L to 12.35mL/L. With no values <5.6mL/L the fit is hard to judge. Forcing it through 0 leads to a large slope in the fit and given recent calibration that is unlikely. When deeper samples are available for comparison,  it is often found that near-surface values don’t match the general fit, likely due to near-surface reversals and high vertical gradients.

Values are low by 2 to 20% for CTD #1 and by 2% to 31% for CTD #2.

Using cases where the local DO vertical gradient looks low, DO for CTD #1 is low by an average of 6.7%. There was only 1 such cast for CTD #2 and it was low by 4.4%.

There is insufficient evidence to justify recalibration based on these data. It is likely that CTD DO values are a little low but it is unlikely they are as low as this comparison suggests since both sensors had been serviced very recently. Generally these sensors are low by 1% to 2% soon after service.
16. Other calibration checks
Sensor History – There is no history of use for the either CTD since its last factory service.
Historic Ranges – The only excursions from the local climatology were 4 casts in Queen Charlotte Sound that had low salinity near the surface; low salinity near the surface has been reported frequently lately, and is likely real. All temperatures were within the climatology.
Post-cruise calibrations – None were available.
17. CALIBRATE
Pressure was found to be very accurate.
Comparisons of salinity and dissolved oxygen with samples did not provide sufficient evidence upon which to base recalibration of CTD data.

Salinity was never <25psu at 5m so silicate does not need correction.
No recalibration was applied. 

18. Fluorescence Filter

Filter was run on channel Fluorescence:URU:Seapoint using a median filter size 7 to reduce spikes.
The ECO fluorometer has very low resolution and no spikes; the data were not filtered and will not be archived.

19. Bin Average, Remove, Derive DO in mass units, Reorder
The files were bin averaged using 1db bins.
REMOVE was run to remove Scan_Number, Oxygen:Voltage, Descent Rate, Flag and Fluorescence:URU:Wetlabs:ECO-AFL* channels. 
*Note that the last channel only affects CTD #2 (casts 149-214).

Dissolved Oxygen was derived in mass units and that was used to calculate DO saturation. Plots of near-surface saturation show a range of 80% to 180%. Values were generally in the 90-110% range in the north and central areas especially at casts furthest offshore, which suggests that the sensor was performing reasonably well. High values were common near shore and to the south. The values from CTD #2 show much greater variability which could be a sign of problems with the sensor or truly reflect the highly variable region near the mouth of Juan de Fuca where most of those casts occurred. 

REORDER was used to get the 2 dissolved oxygen channels together.
20. HEADER EDIT and final checks of CTD files. 

Header Edit was used to fix headers, fix formats and to add comments about processing. 
The 5m-thinned files were recreated based on 1m averaged data, and SBE DO data were exported and mass units added to the CTD & Bottle file. 
A cross-reference listing was produced and turned up a problem in time/position for cast #111 which was fixed.

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

The sensor history was updated.

Plots of CTD casts were examined and no problems were found.

20. Final BOT file preparation

The bottle data in the comparison workbook were checked against the summary provided by Mark Belton to ensure no samples were lost in processing. No problems were found.

File 2022-010_CTD_bottle_6linehdr.csv was converted into individual IOS files. The channel name for fluorescence was entered as Channel Fluorescence:URU:Seapoint even for the late files that actually had WetLabs ECO fluorometer, but that channel will be removed anyway from casts #149-214.
CLEAN was run to enter 0 flags where the flag channels are empty. 
Change Units was used to add CTD dissolved oxygen in mass units.
Reorder was used to get the 2 CTD DO channels together.
REMOVE was used to remove Date and Time channels and channel Fluorescence:URU:Seapoint from casts #149-214.
HEADEDIT was used to add comments, remove End Time and Time Zero and correct channel names and formats. A second version of the text file with comments was created to fix the serial number of the CTD in files #149 to 214.
The final files have extensions BOT. 
The data were exported to a spreadsheet and compared to data from analysts. A number of errors were found that were corrected in the 6-line header.
Header Check turned up date errors in many files (date in local time was inadvertently selected); that was corrected in the 6-line header and routines described in this section were rerun.

Header check was rerun and no further errors were fixed.
The standards check was run and no errors were found.

The track plot looks fine.
PARTICULARS – 
120. Log notes indicate some spikes in DO data (not sure what cast this refers to, but around cast #120).
132. Log notes that CTD data seems “wacky”, something didn’t work. Batter and connections seem fine. Worked for next cast. No data were acquired.
140. Could not download data – CTD not connecting to computer.

145. CTD on all night. Data not good. Surface data only. Switched to CTD #1123.

149. Fluorometer cap let on by accident.

171. Domoic acid sample problem with filtering.
181. CTD left on all night. Cast ok.
CRUISE SUMMARY

	Cruise ID#:    2022-010

	Dates:   Start: 4 July 2022                  End: 3 August 2022

	Location: WCVI & NWCVI

	Chief Scientist: King J.

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

	1
	SEABIRD
	25
	1091
	No
	Yes


CTD CALIBRATION INFORMATION

Make/Model/Serial#:
SEABIRD/SBE25/1091
Cruise ID#:

2022-010

	Calibration Information

	Sensor
	Pre-Cruise
	Post Cruise

	Name
	S/N
	Date
	Location
	Date
	Location

	Temperature
	6376
	11Jan2022
	Factory
	
	

	Conductivity
	4799
	14Jan2022
	Factory
	
	

	SeaPoint Fluorometer
	3685
	
	Factory
	
	

	SBE43 Oxygen
	1483
	   5Mar2022
	Factory
	
	

	Pressure 
	1091
	26Jan022
	Factory
	Make/Model/Serial#:
SEABIRD/SBE25/1091
Cruise ID#:

2022-010


Calibration Information

Sensor

Pre-Cruise

Post Cruise

Name

S/N

Date

Location

Date

Location

Temperature

6376
1Mar2021
Factory

Conductivity

4799
5Mar2021
Factory

ECO Fluorometer

2216
8Mar2017
Factory

SBE43 Oxygen

1483
   5Mar2021
Factory

Pressure 

1091
10Mar2021
Factory


	


Make/Model/Serial#:
SEABIRD/SBE25/1123
Cruise ID#:

2022-010

	Calibration Information

	Sensor
	Pre-Cruise
	Post Cruise

	Name
	S/N
	Date
	Location
	Date
	Location

	Temperature
	2968
	11Jan2022
	Factory
	
	

	Conductivity
	2173
	19Jan2022
	Factory
	
	

	ECO Fluorometer
	3251
	
	Factory
	
	

	SBE43 Oxygen
	0766
	 30Mar2022
	Factory
	
	

	Pressure 
	1123
	7Mar2022
	Factory
	Make/Model/Serial#:
SEABIRD/SBE25/1091
Cruise ID#:

2022-010


Calibration Information

Sensor

Pre-Cruise

Post Cruise

Name

S/N

Date

Location

Date

Location

Temperature

6376
1Mar2021
Factory

Conductivity

4799
5Mar2021
Factory

ECO Fluorometer

2216
8Mar2017
Factory

SBE43 Oxygen

1483
   5Mar2021
Factory

Pressure 

1091
10Mar2021
Factory
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