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PROCESSING NOTES
Cruise: 2019-068
Agency: IOS, Ocean Sciences Division, Sidney BC
Chief Scientist: Vagle S.  

Platform: Vector
Location: Juan de Fuca Strait 

Project: OPP- Marine Environmental Quality Program
Date: 14 August 2019 19 August 2019
Processed by: Germaine Gatien

Date of Processing: 11 April 2022 – 15 April 2022
Number of original HEX files: 26
Number of CTD files: 26
INSTRUMENT SUMMARY
Two CTDs were used during this cruise:

· A SeaBird Model SBE-25 CTD (s/n 0334) was used with temperature sensor #4484, conductivity sensor #2128, Wetlabs ECO Fluorometer #2215, an SBE43 dissolved oxygen sensor #1483, a SeaPoint turbidity meter and pressure sensor 0482.
· A SeaBird Model SBE911 (s/n 1222) was used with temperature sensors 2374 & 4883, conductivity sensors 4395 & 3184, a SeaPoint Fluorometer #3685, an SBE43 dissolved oxygen sensor #1119, an altimeter #43281 and a Biospherical PAR sensor #4565.
SUMMARY OF QUALITY AND CONCERNS
There was no personnel list in the log book though it was available in the cruise report. 
The file names for the SBE25 casts were non-standard, based on station names.
Header information including positions, station names and water depths were entered in the raw files for the SBE25 casts in a format that enabled easy conversion into IOS Header format. That was very helpful.
During previous cruises the SBE25 pressure was found to be high by between 3 and 4db, so the offset in the configuration file for this cruise was changed from 0 to -3.2db.

The range set for the SBE25 pressure sensor in acquisition was 10153db where it was in fact 1450db. This led to very high pressure values starting at about 87db. Values were corrected by assuming that the surface pressure was 0db. CALIBRATE was run to recalibrate the pressure channel choosing:

     Scale Factor 1450/10153 = 0.1428

     Offset: Surface pressure -86.6db * scale factor = -12.370

After recalibration depths were recalculated and maximum values were lower than log entries for water depth by an appropriate amount (average 6m - range 1m to 10m).
There was no calibration sampling.
PROCESSING SUMMARY
General

There were 2 CTDs used for this cruise, an SBE25 and an SBE911+ CTDs.

· No configuration file was provided for the SBE25, so it was assumed to be the same as the one used for cruise 2019-067 when the same equipment was used. 
· Configuration files were provided for the SBE911.  No changes occurred during the cruise. These were checked and no problems were found.
1. Seasave - This step was completed at sea. The raw names for the SBE25 files were change to standard format before conversion.
2. Preliminary Steps
The Daily Log was obtained. There were no significant problems noted except that cast #22 was aborted due to a winch problem.
The cruise summary sheet was completed. 

PART 1 – SBE25 Processing – Casts #2 - #15

3. Conversion of Raw Data
The configuration file used during 2019-067 had a -3.2db offset for pressure based on previous uses. The file was saved as 2019-068-ctd1.xmlcon.

The HEX files were converted using configuration file 2019-068-ctd1.xmlcon.
The pressure values were bad, with surface values of about 87db. 
Examination of the hex file headers show that a pressure range of  1450db had been entered, but in 2019 it should have been 10153db. It was later changed to the shallower range, but not until 2020.

Plots were examined to estimate a reasonable value for the surface. There is some variation in readings, as expected from this type of pressure sensor, but values of 86.556m are seen frequently at a point that looks to be very close to the surface. 

To see if the results are reasonable it is better to look at depth, since we have log entries for water depth and we expect the CTD was most likely taken within 5m of that depth. The correction for depth tested was:

 Depth_Corrected = (Depth_Converted – 86.6) *1450/10153 

The maximum depth value for each cast was recorded along with the log entry for maximum depth. After applying the correction above, the maximum depth sampled was lower than the log entry by between 1.7 and 11.9m. We would expect the CTD to be taken to between 5 and 10m off the bottom. The average differences was 6.9m with a range of 1.7 to 11.9m. There was no altimeter. The resolution for this type of pressure sensor is rated as 0.1% of full scale and the accuracy as .1% of full scale. So the results of the comparison are as good as we can expect, especially since there can be drift during a cast so that the sounder readings are not necessarily those seen at the time the CTD reached bottom. 
A proposed correction was thus arrived at for pressure:

Pressure_Corrected = (Pressure_Original – 86.6) *1450/10153 = 0.1428*Pressure_Original – 12.37
Plots show that all other channels produced reasonable values except for surface spikes. 
There is the usual “steppy” pressure including small reversals which leads to unusual profiles. The descent rate was often noisy.  

4. WILDEDIT

The only spikes noted in the data occurred at the beginning or end of the casts or included many points, and will be removed in the normal course of editing. So WILDEDIT was not run. 
5. FILTER

Normally pressure is filtered later in processing when running DELETE, but the poor resolution of this instrument means it is necessary to do this early to make sense of the other data which update more often than pressure. So program FILTER was used to apply a low-pass filter with a time constant of 0.5 seconds to pressure. The results look good overall; a few reversals remain but are likely due to cases where the CTD reversed direction..
Next the temperature and conductivity were examined and the usual approach of applying a cosine filter size 5 did a good job of removing small reversals.
6. ALIGNCTD

Based on tests run for other cruises 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 correction appears to have been too large. Tests using a variety of advances showed that +2.0s worked well. 

ALIGNCTD was run on all casts to advance the DO channel by 2.0s.

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.
9.  Conversion to IOS Headers
The IOSSHELL routine was used to convert the CNV files to IOS Headers. 
Remove was run to remove the depth channel.

CALIBRATE was run to recalibrate the pressure channel:

Pressure = 0.1428*Pressure_Original – 12.37

CLEAN was run to add event numbers and replace pad values in the pressure channel with interpolated values. 
The next step is to remove the data collected during soaks at 10m. Plots were made to determine the approximate scan # when the CTD is just about to do its full cast. File Clip.csv was prepared with that information and CLIP was run to remove the records. 
Plots were examined after this step and the results looked good with the pressure at the end of casts varying from -0.15db to +0.03db, well within variability expected from this type of pressure sensor.  

10. Checking Headers
The header times are said to be in UTC but are actually mostly in PST (UTC-8) except for event #2 which was mysteriously in UTC-6 (assuming that the log was correct). 

ADD TIME CHANNEL was run to add 6 hours to event #2 and 8 hours to events 4-15. 
A cross-reference list was produced and compared with the log book entries. The only discrepancy was a small difference in the longitude for event 4 which was recorded in the log as  125° 13.06’ at the start but in the file as 125° 12.06’. The log entry looks reliable as the bottom and end values show a drift to higher values, not lower. The file entry was likely a typo, so it was changed to match the log. 
HEADER CHECK was run. There remain some negative values but they appear to be all from the upcast. This will be checked after DELETE is run.  The track plots look reasonable. Surface Check was run and showed an average surface pressure of 1.14db with a range of 0.7 to 2.0db which is reasonable for the minimum level reached after the 10m soak.

11. SHIFT 
Conductivity  
Tests were run to see what conductivity alignment shift made the best improvement to stability in T-S space and +0.9 records looked best. A shift of +0.9 records was applied to all casts.
Fluorescence

The fluorometer was not pumped, so a shift in alignment is expected to be small or unnecessary. Profile plots of temperature and fluorescence were examined and confirm that the alignment is good. 

Dissolved Oxygen

This channel was aligned earlier. Plots of temperature and dissolved oxygen were examined and the alignment looks good. 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

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.
13. DETAILED EDITING

CTDEDIT was used to remove some records near the top and/or bottom of casts and 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. 

Editing was applied to all casts except #7.
T-S plots were examined after this step and no significant problems were found; there are small unstable features but this is an area where some instability is expected. 

16. Other calibration checks
Sensor History – The sensors were used on 4 previous cruises since they were last serviced. There was no calibration sampling for 2 of those cruises and the other 2 had sampling from a bottle on a wire so the comparison was not considered reliable enough to justify recalibration. The most recent comparison suggested that salinity might be high by ~0.005psu. The pressure sensor had the offset adjusted to -3.2 for 3 of those cruises. 

Historic Ranges – All temperature and salinity fell within the local climatology.   
Post-cruise calibrations – A post-cruise calibration in December 2019 showed minimal drift.
17. CALIBRATE

Pressure was adjusted previously.

Results from the cruise that followed (2020-017) and included more offshore observations of dissolved oxygen suggested that calibration was reasonably good – possibly a little low, but there was insufficient information to justify recalibration.

No further recalibration was applied.
18. Fluorescence Filter

The fluorescence data was not filtered as it was not very spiky.

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 and Flag channels. 
Dissolved Oxygen was derived in mass units and that was used to calculate DO saturation. Plots of near-surface saturation show a range of 78% to 90% with the highest values at Swiftsure. The offshore values may suggest that the DO values are low, but there is insufficient information to justify recalibration and the Juan de Fuca area tends to have low DO surface saturation.
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 fix an error in the headers and to add comments.
Surface Check was rerun to check that depth values are reasonable. 
A check of bottom depths was repeated to see if the pressure correction was appropriate. The average differences between log entries for bottom depths and maximum depth sampled was 6m with a range of 1.2 to 10.5m. The differences are roughly proportional to total depth of cast, so there are clearly some imperfections in the match. But given the uncertainties in both pressure and sounder readings, this is a reasonable result.  

See file “Study of SBE25 pressure calibration.xlsx”

A cross-reference listing, header check and standards check were produced. No problems were found.
The sensor history was updated.

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

PART 1I – SBE911+ Processing – Casts #16 - #36 
21. Preliminary Steps

SEASAVE was completed at sea; the raw data files have extension HEX. 

The cruise summary sheet was completed.

22. Conversion of Full Files from Raw Data

Files for casts #16 to 36 were converted using 2019-068-ctd2.xmlcon. The configuration file included a PAR sensor but it was obviously not actually present as there was no signal and no mention of it in the log book equipment list, so conversion was rerun without PAR selected.
The Tau function was selected but not the hysteresis function as there was no deep sampling. Depth was included in the conversion. 

A few casts were examined and all expected channels are present. 
During a previous cruise the primary channels (T, C,  S and DO) had poor data.
The dissolved oxygen, primary conductivity and primary temperature look bad during the upcast of cast #16. The primary temperature looked bad during many upcasts which could be due to a pump problem. But sometimes the secondary temperature looks bad as well, with a jitter in the traces. This might be a winch issue.

There is no upcast data for cast #22 because the cast was aborted due to a winch problem.

Fluorescence traces look normal; the minimum values are ~0.07 in the Sooke region. 
The altimetry was fine near the bottom.

23. WILDEDIT

Program WILDEDIT was run to remove spikes from the pressure, 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 = 50

The parameter “Keep data within this distance of the mean” was set to 0 so all spikes would be removed.

The few spikes noted were removed by this step.
24. ALIGN DO

The DO sensor used did not produce good data in a previous cruise which was thought likely due to a pump or plumbing problem. Alignctd was run using a setting of +2.5s which usually works well for these sensors and it worked well on these data.
25. CELLTM

CELLTM was run using the default setting (α = 0.0245, β=9.5) for both the primary and secondary conductivity. A few casts were checked and this step does improve the data.

26. DERIVE and Channel Comparisons

Program DERIVE was run on all casts to calculate primary and secondary salinity and dissolved oxygen concentration.

DERIVE was run a second time on the final cast to find differences between the pairs of temperature, conductivity and salinity channels. The shaded lines show results from the cruises that preceded and followed and used the same equipment. 
	Cast #
	Press
	T1-T0 
	C1-C0
	S1-S0
	Descent Rate

	2019-067-0031
	207
	+0.0006
	-0.00005
	-0.0012
	High, F.Steady

	2019-068-0027
	210
	-0.0010
	+0.0004
	+0.005
	High, Steady

	2020-063-0078
	280
	-0.0015
	+0.0005 
	+0.006
	High, Steady


The differences grew with time, but a post-cruise factory check suggests that both temperature sensors had drifted a little high, and not enough to explain the large differences in 2019-068 and 2019-063. There was some suspicion of a pump problem during 2019-067. 
27. Conversion to IOS Header Format

The IOSSHELL routine was used to convert SEA-Bird 911+ CNV files to IOS Headers. 

CLEAN was run to add event numbers and to replace pad values in the pressure channel with interpolated values based on record number. 

28. Checking Headers

The header check was run. No problems were found.
The cross-reference list was printed and checked against the log book.  There were a few station names that were incomplete, so those were corrected.  Times are in UTC.
The altimeter and water depth readings from the headers of the CLN files were exported to spreadsheets. A check was made by subtracting maximum depth sampled plus altimetry header from the water depth. 
For 2 casts the difference was >3m. When log depths were used rather than header depths, the results were much better for cast #22 and slightly better for cast #32. The log depth for #32 was recorded during a nearby mooring cast, but likely some movement of the ship occurred between those events. 
The file header entries were changed to the log entry for cast #22 and an approximation based on altimeter reading for cast #32. 
A surface check was run and shows an average surface pressure for the cruise was 2.1db which is reasonable. The lowest value was 1.5db. 
29. Shift

Fluorescence

SHIFT was run on the SeaPoint fluorescence channel in all casts using the usual advance of +24 records. Plots show that the fluorescence offset is reasonably close to the temperature offset after this step.

Dissolved Oxygen 

The Dissolved Oxygen voltage channel was aligned earlier. All were aligned well except cast #16 that has bad DO data; the DO channel should be removed from this cast.
Conductivity
Based on other uses of this CTD, the primary channels are not reliable, so only the secondary was studied. Settings of +0.5 to -0.3 were tested and made little difference to these well-mixed casts. Overall +0.3 looked best and was used during 2020-063, but the differences are very slight.
SHIFT was run using +0.3records for the secondary conductivity. Salinity was recalculated.

30. DELETE

The following DELETE parameters were used: 

Surface Record Removal: Last Press Min

Maximum Surface Pressure (relative): 10.00

Surface Pressure Tolerance: 1.0                  Pressure filtered over 15 points

Swells deleted. Warning message if pressure difference of 2.00

Drop rates <   0.30m/s (calculated over 11 points) will be deleted.

Drop rate applies in the range:  10db to 10db less than the maximum pressure 

Sample interval = 0.042 seconds. (taken from header)

COMMENTS ON WARNINGS: There were no warnings. 
NOTE: The log file for this run was appended to the run for the SBE25.

31. Other Comparisons

Previous experience with these sensors – 

This CTD was swapped out during cruise 2019-067 because of poor primary data. It was used after this cruise during 2020-063 when primary salinity was low and primary temperature high. The secondary data looked fine. The dissolved oxygen data were considered bad during 2019-067. During 2020-063 Oxygen:Dissolved:SBE was recalibrated by multiplying by 1.025 based on the post-cruise report. 
There is no evidence of a problem with pressure.
Historic ranges – All salinity fell within the local climatology except for cast 26 between 80 and 130m which was low; the same area had high temperatures in that range. Many of the temperatures fell outside the climatology. This is not unexpected as this area is one of rapid change and being near-shore the climatology is really not suitable. The excursions are all towards higher temperature reflecting changes that have occurred in recent years, hence not present in the climatology that was used.

Repeat Casts – There were no repeat casts and nearby casts are too shallow to provide a reasonable comparison.

Post-Cruise Calibration – There was a post-cruise calibration for CTD1222 that showed both temperature sensors to be a little high, but not by enough to explain the differences noted between channels as seen at sea. Similarly, both conductivity channels were slightly low, but not by enough to explain the large salinity differences noted during this cruise and the one that followed.
32. DETAILED EDITING

The secondary channels were selected for archiving since they were found to be best during other uses of this equipment and the primary data looked bad in places..

CTDEDIT was used to remove records that are clearly corrupted by shed wakes or ship effects. In many cases non-stable features were left in place because they may well be real in this region of active mixing.  Data were mostly removed from near the top and/or bottom of casts. 
Salinity was cleaned lightly in a few casts.  
No editing was applied to files from casts #24, 25, 26, 27, 33.
After editing T-S plots were examined for all casts. There are some small unstable features which could be real as they come from areas of active mixing. No further editing was applied.

33. Recalibration

Recalibration was run using file 2019-068-recal1.ccf  which was prepared to apply the following correction to SBE Dissolved Oxygen:

CTD DO Corrected = CTD DO * 1.025 
CALIBRATE was then run on the EDT files using the same recalibration file.

35. Fluorescence Processing

A median filter, size 11, was applied to the fluorescence channel in the COR1 files. Plots of a few casts showed that the filter was effective. (Output:*.FIL)

36. BIN AVERAGE of CTD files

The following Bin Average values were applied to the FIL files (output AVG):

Bin channel = pressure
Averaging interval = 1.000
Minimum bin value =   .000

Average value will be used.
Interpolated values are NOT used for empty bins.

There were no warnings.

On-screen T-S plots were examined. There are only the small instabilities that are expected in this region.
Profile plots were examined to see if there any problems. None were noted.

37. Final CTD File Steps (REMOVE and HEADEDIT)

· For all casts REMOVE was run to remove the following channels: 

Scan_Number, Temperature:Primary, Salinity:T0:C0, Conductivity:Primary,  Oxygen:Voltage:SBE,  Oxygen:Dissolved:SBE, Altimeter, Status:Pump, Descent_Rate and Flag.

· For cast #16 channel Oxygen:Dissolved:SBE was also removed. 

A second SBE DO channel (with umol/kg units) was added. 

REORDER was run to get the two DO channels together.

HEADER EDIT was used to fix formats and channel names and to add header comments about the data processing.

The Standards Check routine was run and no problems were found. 

The Header Check was run and no problems were found.

Profile and T-S plots were examined. There are some unstable features in T-S space where waters are well-mixed, but those are very small and may be real.

The sensor history was updated. 

38. Dissolved Oxygen Study

As a final check of dissolved oxygen data, % saturation was calculated. Values ranged from 55% to 86% with the highest values in Boundary Pass and the lowest near the mouth of Juan de Fuca Strait. The casts are mostly quite well mixed so low values are expected. 

REPORTS FOR ALL CASTS – SBE25 and 2 SBE911+ CTDs

Header check, cross-reference lists and track plots were prepared for all CTD casts.

The track plots were added to the end of this report.
PARTICULARS
22. Cast aborted due to winch problem.
CRUISE SUMMARY

	Cruise ID#:    2019-068

	Dates:   Start: 14 Aug 2019                    End: 219 Aug 2019

	Location: OPP-MEQ Noise

	Chief Scientist: Vagle S.

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

	CTD 1
	SEABIRD
	25
	334
	No
	Yes

	CTD 2
	SEABIRD
	911+
	1222
	Yes
	Yes


Make/Model/Serial#:
SEABIRD/SBE25/0334
Cruise ID#:

2019-068


	Calibration Information - 0334

	Sensor
	Pre-Cruise
	Post Cruise

	Name
	S/N
	Date
	Location
	Date
	Location

	Temperature
	4484
	22Feb2017
	Factory
	
	

	Conductivity
	2128
	23Feb2017
	Factory
	
	

	ECO Fluorometer
	2215
	07Mar2017
	Factory
	
	

	SBE43 Oxygen
	1483
	2Mar2017
	Factory
	
	

	Pressure 
	0482
	28Feb2017
	Factory
	
	


Make/Model/Serial#:
SEABIRD/SBE911+/1222
Cruise ID#:

2019-068


	Calibration Information – 1222

	Sensor
	Pre-Cruise
	Post Cruise

	Name
	S/N
	Date
	Location
	Date
	Location

	Temperature


	2374
	03Jan2019
	Factory
	
	

	Conductivity
	4395
	01Jan2019
	Factory


	
	

	Secondary Temp.


	4883
	01Jan2019
	Factory


	
	

	Secondary Cond.


	3184
	28Dec2018
	Factory


	
	

	Transmissometer
	983DR
	9Aug2017
	Factory
	
	

	SBE 43 DO sensor
	1119
	01Nov2018
	Factory
	
	

	SeaPoint Fluor.
	3685
	
	
	
	

	Pressure Sensor
	1222
	15Mar2019
	Factory
	
	

	Altimeter
	43281
	
	Factory
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