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PROCESSING NOTES
Cruise: 2023-035
Agency: PBS, Ecosystem Science Division, Nanaimo BC
Chief Scientist: Norgard T.  

Platform: Vector
Location: North Central BC Coast
Project: Nearshore/Coastal Marine Conservation Survey
Date: 30 May 2021 –8 June 2021
Processed by: Germaine Gatien

Date of Processing: 30 May 2024 – 12 June 2024
Number of original HEX files: 45 
Number of CTD files: 41 (3 tests, 1 aborted cast)
Number of original bottle files: 45
Number of CHE files: 41 (3 tests, 1 did not close)

INSTRUMENT SUMMARY
A SeaBird Model SBE-19+ CTD (s/n 5299 was used with WET Labs ECO-AFL Fluorometer (#2214) and dissolved oxygen sensor #1592 (pumped).
Software Version Seaterm AF 2.1.4.55 was used for acquisition. 

SUMMARY OF QUALITY AND CONCERNS
No configuration file was provided with the raw data. There was an equipment list that did provide the necessary information to create one, but it is recommended to provide the one used in acquisition. The CTD technicians generally provide the configuration file, but there are sometimes changes at the last minute and it is wise to include the configuration with the raw data.
Scans of the Daily Science Log Book and the Sampling/Rosette Log sheets were available. There were many comments included which is helpful.
The sampling for this cruise was complex as it combined different programs. There was small-boat sampling as well as sampling on the Vector using a mini-rosette mounted with an SBE19+ CTD. Only the latter  data are dealt with in this report. The way bottles were fired was non-standard and information about how it was done was only received after processing was almost complete. When non-standard techniques are used it is helpful to include a description of the deployment strategy.
The CTD deployment strategy was: 

Acquisition started at the surface. There was a drop to 10m where the CTD was soaked for about 2 minutes. After a return to the surface there was a very brief wait (~10s) before running the full cast. 

For most casts sampling was done at the bottom after a wait of about 2 minutes, Then near-surface sampling was done while the CTD was in motion. For some casts there were 2-minute stops for mid-depth sampling. Often 2 bottles were connected so that they fired at one time.
In order to capture data from close to the Niskin closing time, a smaller window than usual was chosen for casts that had bottles fired without a stop. The contents of the bottles are likely from lower in the 7water column, so a window from -3s to -2.7s was selected.
For casts with mid-depth sampling, with stops, the window chosen was from -2s to +2s, giving more data so an average is more accurate. 

There was nutrient sampling for most CTD casts. There were no duplicates from the same bottle, so no precision study is available. When 2 bottles were fired at the same time, only one BL file was produced. In order to create separate records for the bottle files, BL files had to be created which means the 2 records are not chosen from simultaneous data, but as close in time as possible.
There was eDNA sampling from most casts. CHE files were prepared for all casts with bottle stops, even if there were no sample data added, in order to provide physical data for use with eDNA data.

For a few casts there were issues with wire slacking leading to bad CTD data.
· For event #19 upcast data were used to prepare the CTD file because downcast temperature and fluorescence were bad until 26db.
· For event #21 there were many bottle stops, so upcast data were not suitable for creating a CTD file, so the downcast file only contains data from 38db to the bottom.

Processing of this cruise was very complex. A few changes in future similar cruises would ensure quicker processing which would also be less error prone. 

· The raw data had non-standard file names – standard format is YYYY-###-EEEE where ### is the 3-digit cruise number and EEEE is a 4-digit event number which should match the entry in the Daily Science Log.

· Header information such as station name, latitude and longitude were entered in the SeaBird headers, but varied in format. When NMEA data are not available, use is a NMEA-based standard format for manually-entered details. This will ensure automatic entry into headers in IOS Header files.  
The correct format is: 
** Latitude: 49 14.996 N

** Longitude: 123 45.331 W

** Station: GEO1

** Depth: 123

(Note that the colons are critical and there should be no extra words.)
· The correct event numbers for files provided were difficult to determine due to inconsistency in various logs and spreadsheets. The raw files were named according to site. Cast #s were sometimes entered in the comments in the log, but are consecutive files in the CTD, whereas the log includes some non-CTD events.  It would be best to name the files with event numbers to match the Daily Science Log. If that proves impractical, provide a clear spreadsheet with a correspondence to use in renaming files so they match the Daily Science Log.
· When 2 Niskin bottles were fired at a single depth they were fired together so that only one BL file was created. We need a BL file for each bottle, especially since each of the 2 bottles were sampled. Separating the firing by just a few seconds is likely enough to create 2 BL files. Alternately, the samples could be treated as duplicates by using the same sample # for both. Corrections to the BL files were made manually to enable preparation of separate bottle files.
· The times recorded in the SeaBird headers were wrong in the files. This is often the case due to computer clock drift and time zone changes. It is better to just make note of the error in the log and not attempt to adjust it, as it is easiest to fix the times in the whole data set at once.

At the end of processing it was discovered that the file headers have a sample interval of 0.5s. This was changed to 0.25s which is what is entered in the SeaBird headers. Tests were done to ensure this did not affect the DELETE step and it did not. Steps all were based on # of records and pressure. 
The header entry was corrected.
PROCESSING SUMMARY
1. Preliminary Steps
The original file names were non-standard with only station names. They were corrected by Cynthia Bluteau so they were in standard format based on one of many records available, but the cast #s did not match those in the Science Log.
Header information such as station name, latitude and longitude entries varied in format and few had the formats that ensure easy entry into headers in IOS Header files. The cast numbers were difficult to determine. Different cast numbers were assigned by eDNA samplers from those in the Daily Log and nutrients QF file. Adding confusion the cast #s sometimes entered in the comments in the log refer to the order of downloading from the CTD, but events had no CTD sampling. It was challenging to resolve all the records. 

The renaming of the files is best left for later when files are in IOS Header format.

The format of header entries for station, latitude and longitude were corrected in the renamed raw files so that the same problems will not be encountered later if early steps need repeating. 

The cruise summary sheet was completed. 

2. Conversion of Full Files from Raw Data

The configuration file used at sea was not provided. A file was created based on the equipment list in the log, but it took some experimentation to work out the voltage on which external sensors were mounted. The file was saved as 2023-035-ctd.xmlcon and was used to convert CNV files. 
The Tau function was selected but not the hysteresis function as there was no sampling below 1000db. Depth was included in the conversion. 
The format used in the raw files for items destined for file headers had two different formats – either decimal or with extra comments, Site instead of Station, and all lacking the colon. Here is an example from the raw files:
** Site 22Gul_RCA

** Latitude (decimal degrees) 54 08.651    
** Longitude (decimal degrees) 130 29.909
The correct format for easy conversion to IOS Headers is:

** Latitude: 49 14.996 N

** Longitude: 123 45.331 W

** Station: 22Gul_RCA
Time was chosen as the Instrument Time Stamp rather than upload time. This time appears to be in PST rather than PDT and there may be a small error in the computer time. However, this can be checked later and corrected. Using the system upload time is not the time the data were collected.

Some initial checks confirmed that the event numbers do not correspond to those in the Daily Science Log or the nutrient QF files. 

The first 5 files appear to all be from tests. So CTD files will not be prepared for 1 to 4; file 5 will be processed partly though it was later decided that only a bottle file is needed.
A few casts were examined and all expected channels are present and look normal. Any spikes are at the surface and will disappear in processing. There was a 10m soak before the full casts. Descent rates were high and steady. WILDEDIT was not needed.
3. FILTER
The pressure is very smooth so no filter was applied.

Tests were run on a few cast using Window Filter on temperature and conductivity as judged by effect on salinity. A cosine filter size 4 worked best.
Window Filter with a cosine size 4 was applied to temperature and conductivity for all casts.

4. ALIGN DO

Dissolved oxygen was advanced by +2.0s relative to pressure. (A setting of +2.5s made too great a correction.)
5. CELLTM

CELLTM was run using the default setting (α = 0.04, β=8). 

6. DERIVE and Channel Comparisons

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

7. Conversion to IOS Header Format

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

At this point header information was exported to a spreadsheet for comparison with logs.
Scans of paper logs were examined to find correspondence between the many sources:

· file event #s
· nutrient file event numbers
· station names 

· max. pressure 

· cast # in SeaBird headers (order of files stored in CTD – not actual event #)

· nature of sampling (stops or no stops).

The aim is to rename files so they match the nutrient spreadsheet and the daily log.

A few problems were found beyond event #:

· There were no raw data for the event named as #29 (site 14verNut) in the log. Raw data were found in OSDCommon.
· Event #7 was a test of the rosette. There was no position or station in headers but there are in the log. Since shallow and very close to Event #9 no CTD cast will be prepared. A bottle file will be prepared since there was sampling.

· Event #42 was bad – repeat at this site was # 43.

· The latitude and longitude were entered in the headers but the format was wrong. 
The format used was:
** Site 22Gul_RCA

** Latitude (decimal degrees) 54 08.651

** Longitude (decimal degrees) 130 29.909
The correct format for easy conversion to IOS Headers is:

** Latitude: 49 14.996 N

** Longitude: 123 45.331 W

** Station: GEO1

** Depth: 400 m
The formats for latitude and longitude were changed in the hex files and all previous steps were rerun.
File 2023-035-merge_hdr.csv was prepared based on the Daily Science Log.

“Merge CSV file to Headers” was run to add event numbers to each file – output mrh.

CLEAN was then run to change the last 4 digits of the file names to match the event number and to replace pad values in the pressure channel with interpolated values based on record number. 
NOTE: After this step the file list had to be updated. To do any further corrections it will be necessary to choose the appropriate file list.
Many further corrections were needed to get formats, times, positions correct. These were mostly done to files after running DERIVE. Header checks, cross-reference lists and plots were used in this process. 

Checks of time were attempted next. The times in the files were taken from the instrument time stamp.
Example:

      S>

      cast  37 29 May 2023 16:40:48 samples 200879 to 204003, avg = 1, stop = mag sw
The cast # listed above does not correspond to event #s in the Daily Science Log; it is the consecutive file in the CTD, whereas the log includes some non-CTD events.
The log times are in UTC. A small difference is expected between log time and CTD time, since time of log entry and CTD start are bound to be slightly different. During Leg 1 the CTD times are PST but running about 8 hours + 10 minutes late, but for leg 2 they differ by roughly 9 hours. It may be that someone attempted to change the times from PST to PDT but made an error. The minutes look more accurate for Leg 2. 

ADD TIME CHANNEL was used to add 8 hours 10 minutes to Leg 1 casts (9-37) and 9 hours to Leg 2. 

To remove the soak data file CLIP.csv was prepared with a list of the number of records to be removed from each cast based on plots. CLIP was then run and plots were made to fine-tune the process.

8. Checking Headers

The header check was run. The speed check had one outlier. The positions in the header of the raw file for station 20GAR do not match the log and led to an unrealistic speed between casts. This was corrected. 
Track plots were made and added to the end of the report. No problems were noted in them.
A surface check was run and shows an average surface pressure for the cruise was -0.15db. 

All casts were put through REVERSE and surface check was run again and had an average of -0.13db.

Those values are well within the specifications for this instrument. No recalibration of pressure is needed.
9. Shift

Fluorescence
The fluorometer was not pumped and does not need alignment. 
Dissolved Oxygen 

The Dissolved Oxygen voltage channel was aligned earlier and the results look good.

Conductivity

Tests were run on a few casts to find the best setting for aligning conductivity with temperature.

SHIFT was run applying a setting of -1.8 records to the conductivity. Salinity was recalculated.
10. 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 not filtered

Swells deleted. Warning message if pressure difference of 2.00

Drop rates <   0.30m/s (calculated over 5 points) will be deleted.

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

Sample interval = 0.5 seconds. (taken from header)*
COMMENTS ON WARNINGS: There were no warnings.
*At the end of processing it was discovered that the file headers have a sample interval of 0.5s. This was changed to 0.25s which is what is entered in the SeaBird headers. Tests were done to ensure this did not affect the DELETE step and it did not. Steps all were based on # of records and pressure. 
11. Calibration information
Previous experience with these sensors –  This is the first cruise to be processed using this CTD since it was last serviced at the factory.
Historic ranges – There was no local climatology available for Leg 1 or casts 54-55 of Leg 2. For Dixon Entrance salinity was lower than the local climatology near the surface (top 5 to 20db) which is likely at least partly due to casts being closer to shore than casts included in the climatology, but low salinity has been reported widely. Temperatures were all within the local climatology.
Repeat Casts – There were a number of repeat casts but only 2 of the pairs go deeper than 200db. The salinity differences along lines of constant density are roughly 0.001psu and 0.005C, though there were some areas of spikes that varied more. This is as good repeatability as we can expect.
Post-Cruise Calibration – None. 

12. DETAILED EDITING

CTDEDIT was used to remove records that appear to be corrupted by shed wakes. Salinity was cleaned where there were small excursions that look likely to be caused by slight mismatches in timing. All files except #26 required some editing. 
Cast #19 had bad T and S data until 26db of the downcast, at which time there was a long stop and T and S had spikes, then settled to believable values. There were no mid-depth stops for that upcast, so the upcast was processed in order to have a full profile. Reverse was run on the SHFC0 file and then DELETE was run with the descent rate feature turned off, to produce DELUP 

Cast #21 had a similar problem but the upcast was not usable due to frequent stops, so data from 38db to the bottom from the downcast were processed.
After editing T-S plots were examined for all casts. There are some small unstable features but they are in places where they may be real.
The edited files were zipped and sent to the CTD-QF File Processing site. Casts 19 and 21 were not included. A note of explanation was sent to Lee Croft who agreed they are not useful for model training.
13. Recalibration

There was no salinity or dissolved oxygen sampling during this cruise or previous uses since the last factory visit. Pressure looks good. No recalibration applied.
14. Fluorescence Processing

Tests showed that bin-averaging left some large spikes in deep water. A filter size 3 also had little effect. A filter size 5 reduced deep spikes greatly and led to only minor reductions to shallow spikes. 
A median filter, size 5, was applied to the fluorescence channel.

15. BIN AVERAGE of CTD files

The following Bin Average values were applied to the EDT 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.

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. No problems were noted.

16. Final CTD File Steps (REMOVE and HEADEDIT)

REMOVE was run to remove the following channels: 

Scan_Number, Oxygen:Voltage:SBE, Descent_Rate, Flag and Prediction_Flag.

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.

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 a few unstable features in T-S space, but those are very small and may be real.

The sensor history was updated. 

17. Dissolved Oxygen Study

As a final check of dissolved oxygen data, % saturation was calculated and plotted. The surface values varied from about 105% to 155%. Since there were no deep offshore sites, this is not very helpful in assessing the DO calibration. In 2022 in the same area DO readings were lower than found in these data, but that is more likely due to real changes rather than sensor drift.

Values are likely to be a little low since these sensors tend to drift low, by roughly 1%-4%.
      19. Bottle file preparation

The ROS files were created using files 2023-035-ctd.xmlcon. 
For some casts there was a sample taken at the bottom after a wait of about 2 minutes. Then a near-surface sample was taken while the CTD was in motion. 
For some casts with mid-depth sampling there were 2-minute stops all level. 

For some casts there were 2 bottles fired at the same time at the bottom and around 5m.

In order to capture data from close to the Niskin closing time, a smaller window than usual was chosen for casts that had bottles fired without a stop. The contents of the bottles are likely from lower in the water column, so a window from -3s to -2.7s was chosen so that only 2 records were captured. Gradients around 5m are large so a larger window does not work well. 

For casts with mid-depth sampling with stops, the window chosen was from -2s to +2s, giving more data so an average is more accurate. 
The files had many errors largely due to errors in the BL files. In one case the information in the BL file seemed totally wrong. In others, there was a problem when multiple bottles were fired at one level and only one entry went into the BL file. It was necessary to recreate BL files that would enable separate lines in bottle files for each firing. This is necessary in order to add nutrients appropriately. This was a very time-consuming process.
For the casts with only eDNA sampling there were 2 stops at the bottom and surface, so the 4s window was used, but when 2 bottles were fired at the same depth no attempt was made to recreate BL files as was done when there was nutrient sampling, since the single entry per depth is sufficient for the eDNA study.
A problem was found with event #29. There was apparently no eDNA sampling, only nutrients. It was intended to fire 6 bottles including mid-depths. There are 2 bottles in the BL file (saved as 2023-035-0026.bl but corresponds to log event #29) at scans 4239 and 8118. The first corresponds to 150db (not the bottom of the cast) while the second has a scan shortly after acquisition ended. Yet, there were 6 nutrient samples. The values are mostly about the same magnitude so it is conceivable they were from the same bottle, but they do decrease with rising sample #, so this is unlikely and the 6th is significantly different. The temperature associated with the 6th suggests the CTD was out of water. The BL file has the wrong time.  So it appears that the BL file for that cast is wrong. A BL file was created by taking appropriate values from the full profile near the end of stops at the planned levels. When this file was converted the data looked reasonable.

The ROS files were converted to IOS format.
“Merge CSV file to Headers” was run using file 2023-035-merge_hdr.csv to add event numbers to each file – output mrh. 

The IOS files were put through CLEAN to create BOT files and to change file name using new event #s.
There are no nutrient samples after event #37 but there were bottles fired which include eDNA sampling; no sample numbers were assigned to those, so the sample numbers were padded for those casts.

Temperature and salinity were plotted for all BOT files to check for significant outliers and none were found. 
A cross-reference list was created and turned up 2 stations with missing positions. Those were corrected.

The header check turned up a few position errors. Those were corrected.

File 2023-035-0042 was removed since the log notes that bottles were fired but did not close. The CTD file was ok, but no CHE file will be produced.
The BOT files were bin-averaged to AV1 files used to create an ADDSAMP file in COMPARE.

Sample numbers were added to that file which was then sorted on Event # and Sample #. It was then converted to CST files which will form the framework for the bottle files.

The Nutrient spreadsheet was simplified and saved as 2023-035nuts.csv which was converted to individual NUT files for each cast. 

MERGE was used to add the NUT files to the CST file.

Those files were put through CLEAN to reduce headers to File and Comments only. 

The files were then put through SORT to get them in Bottle Number order since there are no sample #s in the SAMAVG files.

MERGE was run to combine the SAMAVG files with the MRGSORT1 files matching bottle numbers.
CLEAN was run to remove SeaBird Headers and comments and to put zero values in any quality flag channels without flags. (mrgcln)
CALIBRATE was run to correct silicate where CTD salinity was <25psu. (mrgcor1)
The data were exported to a spreadsheet to compare with rosette sheets and to check for bad data or missing samples.  
Depth was missing, so DERIVE QUANTITIES was run to derive depth. (mrgdep)
SORT was run to arrange casts in pressure order.

REMOVE was run to remove the following channels: Scan_Number,  Oxygen:Voltage:SBE, Descent_Rate and Flag. 

A second SBE DO channel with mass units was added for both the CTD DO and titrated DO and REORDER was run to get the pairs of DO channels together.

EDIT HEADERS was run to fix formats and channel names and to add comments about analyses and CTD processing. The time increment in the headers was corrected.
The standard check was run and no problems were found. 
Final cross-reference list and header check routines were run and no problems found.

Profiles were examined and no issues found.
Particulars (event #s correspond to those in Daily Log and Nutrients QF file)
1-5. Samples collected but no CTDs. No files created.
7. Rosette test cast. Bottle file created but CTD cast shallow and very close to Event #9. So only bottle file prepared.
9. Repeat cast  at N14 - cast #8 aborted. CTD taken out of water to reposition with pumps on.
19. Latitude and longitude entries reversed.
19. Slack wire shortly after descent began. Downcast temperature and fluorescence bad until 26db; fluorescence ok. Use upcast for archive.

21. Lots or stops; wire slacking issues. Upcast not useful for CTD due to stops for bottles. Rosette data likely ok. Downcast from 38db down ok, so used for CTD cast.

23. BOAT cast – no CTD data collected.

24, 25, 27, 28 ,30, 37. 2 bottles fired at same time, only 1 BL file created. Edited BL files, creating one for each bottle fired..
27. Strong surface currents slacking line. 
29. BL file corrupted – only had 2 bottles fired. New BL file created based on study of full profile;  converted properly.
34. First cast failed at this site – repeated as #35. 
42. Bottles were fired but didn’t close; CTD data look fine. No CHE file produced.
CRUISE SUMMARY

	Cruise ID#:    2023-035

	Dates:   Start: 30 May 2023                    End:  8 June 2023

	Location: North Central Coast BC

	Chief Scientist: Norgard T.

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

	1
	SEABIRD
	19+
	4345
	Yes
	Yes


Make/Model/Serial#:
SEABIRD/SBE19+/0506  Cruise ID#:

2023-035

	Calibration Information – 4345

	Sensor
	Pre-Cruise
	Post Cruise

	Name
	S/N
	Date
	Location
	Date
	Location

	Temperature
	4345
	31Jan2023
	Factory
	
	

	Conductivity
	4345
	05Feb2023
	Factory
	
	

	SBE 43 DO sensor
	3234
	04Feb2023
	Factory
	
	

	WetLabs Fluor.
	8047
	20April2023
	
	
	

	Pressure Sensor
	4345
	31Jan2023
	Factory
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