REVISION NOTICE TABLE

	DATE
	DESCRIPTION OF REVISION

	
	

	19 March 2025
	Updated channel names & formats in TOB files.   G.G.


PROCESSING NOTES
Cruise: 2019-009
Agency: IOS, Ocean Sciences Division, Sidney BC
Chief Scientist: Vagle S.


Platform: Vector
Location: Strait of Georgia


Project: Juan de Fuca Strait / Haro Strait


Date: 2 March 2019 –7 March 2019
Processed by: Germaine Gatien

Date of Processing: 5 July 2019 – 29 July 2019
Number of original HEX files: 30
Number of CTD files: 
30
Number of BOT files: 0 

Number of TSG files: 
1
INSTRUMENT SUMMARY
A SeaBird Model SBE-25 CTD (s/n 0334) was used with temperature sensor #4484, conductivity sensor #2128, Wetlabs ECO Fluorometer #2215, dissolved oxygen sensor #1483, a turbidity sensor and pressure sensor #0482.
SUMMARY OF QUALITY AND CONCERNS
The log book was in good order with a good description of the sampling method and details of problems. There was no list of personnel and no sampling log, though there were notes in the Daily Science Log detailing what sampling was done. 

A 1.7L Niskin was attached immediately above the CTD. 
File names were in non-standard format and header information was not entered in the raw files. Putting that information into headers in the recommended format permits easy conversion into IOS Header format which saves processing time and reduces errors.
The pressure sensor used for this cruise has lower resolution than usual because the pressure range is set for deeper water. The result is “steppy” looking profiles of pressure versus scan number. The pressure was filtered and recalibrated based on near-surface observations and the history of the sensor.
There were only 3 salinity bottle samples during this cruise. The data are not suitable for archival and were of little use in assessing calibration because the stops for 2 of them were too short for equilibration of CTD data and flushing of Niskin bottles, and because salinity sample analysis was delayed long enough to compromise quality. The only bottle stop long enough for a reasonable comparison indicated that the CTD salinity was lower than the bottle by between 0 and 0.008psu. Since we expect bottle values to be a little too high, this suggests that the CTD salinity is reasonably accurate. This is to be expected since the temperature and conductivity sensors had been serviced shortly before the cruise.

There was no dissolved oxygen sampling during this cruise nor any other information that could be used to estimate calibration drift, but the sensor had been calibrated at the factory shortly before this cruise.
TSG data are available up to March 5th at about 08:00 UTC although only positions are available for the last hour and 20 minutes. Clogging in the flow line was discovered that likely explains why heating in the loop was larger than expected despite the usual flow rate having been set by the operator. Calibration checks were limited to comparisons with 7 co-incident CTD casts. Salinity and Temperature are only given to 3 decimal places to reflect uncertainty in the calibrations.
Warning: While the CTD fluorescence data are expressed in concentration units, they do not always compare well to extracted chlorophyll samples, particularly for casts far from shore. There was no extracted chlorophyll sampling.

PROCESSING SUMMARY
1. Seasave 
This step was completed at sea. The file names were non-standard and the file headers do not contain information about positions and station names. 
2. Preliminary Steps
The Daily Log was obtained. It was in good order except that there was no list of personnel.
The deployment method used was to lower the CTD to 10m, soak for 3 minutes  and return to between 2.5db and 5db after which a full cast was run. A Niskin bottle was placed immediately above the CTD. 

The cruise summary sheet was completed. 

The parameters in the configuration file provided were checked and all were found to be correct. 
The configuration file was saved as 2019-009-ctd.xmlcon. 
3. Conversion of Raw Data

The HEX files were converted using configuration file 2019-009-ctd.xmlcon.
After conversion the file names were changed to standard format.

Plots show that the pressure is not updating at the usual frequency. The average values are likely ok, but the detail is missing. This also happened when this sensor was used last but it has been serviced at the factory since then. It is thought that this problem is due to the pressure range being set higher than most of these SBE25 sensors; the CTD technician is investigating this problem.
Temperature, conductivity, dissolved oxygen and fluorescence channels have reasonable profiles except that the pressure problem makes them look steppy as well even though when examined against scan # they look normal. The descent rate is very spiky due to the steps in pressure.
4. WILDEDIT

Since there are no large single-point spikes in the data, this step was skipped. 
5. WFILTER

Based on tests run for other cruises in this project using the same equipment WFILTER was run using a cosine filter, size 9 on the pressure, depth, temperature and conductivity channels and descent rate.

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 good.
7. CELLTM
SeaBird recommend the use of (α, 1/β) = (0.04, 8) for CELLTM for the SBE 25 and it proved best when this equipment was used in 2018.  CELLTM was run on all casts using (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. 
CLEAN was run to add event numbers and replace pad values in the pressure channel with interpolated values. 
The header times are in PDT so ADD TIME CHANNEL was run to add 8 hours.
The station names, water depth and positions are missing from the headers, so a spreadsheet was prepared with that information in a format to enable addition to the ATC files using program “Merge CSV file to Headers”. 
10. Checking Headers
An initial track plot turned up one error which was corrected.
A cross-reference list was produced and compared with the log book entries. The times were wrong for events 38, 40 and 42, as was the date for 2 of them. That information was corrected in the header of the ATC files. The previous step was rerun to get new MRH files.
The next step is to remove the data collected during soaks at 10m. Plots were made to determine how many scans from the soak period need to be removed. CLIP was run to remove those records (between 1250 and 2000 records) from each cast. Plots were made after this step and there appears to be no significant loss of data near the surface.

HEADER CHECK was run. There were some negative values in fluorescence and some low conductivity values. These occur at the end of casts, will be removed by DELETE. This will be checked again later. No other problems were noted.
The surface check shows an average of 3.7db before CLIP and 4.4db after CLIP. The initial pressures in each cast are about 3.7db but quickly rise to ~2.5db; this type of pressure gauge does take a little time to equilibrate. So it is likely that pressure is reading too high as we should see data from very close to 0. 
Individual casts were examined to see when the CTD appears to have left the water. Fluorescence goes to negative values at about 2.7db for one cast and conductivity drops suddenly at about 2.5db for many casts. The pressure resolution is low, so less reliable than usual; making decisions on such plots is not as strong evidence as usual. However, the log book description of the deployment method says that the CTD was returned to the surface after the soak. We found depths of ~2.5db to ~5.6db for the stop nearest the surface after the soak. The 2.5db reading was for just a few scans. Adding 2.5db to pressures would mean the CTD came up to between 0 and 3.1db which seems more likely. While it does suggest the CTD was right at the surface for a few scans during cast #20, the pressure is approximate and it is possible for the CTD to reach the surface very briefly without the data showing any sign of being out of water. Applying an offset of +2.3db allows for a small error the estimate so no data will have negative pressure. The pressure sensor accuracy is given as ±1db.
A similar offset was applied in 2018; the sensor was serviced since then but they made no change to the offset. This is puzzling but given the sensor is set for a very large pressure range the tests may have been insufficient to detect a near surface problem. Or there may be something causing the offset other than calibration. In any case, plots of conductivity at the end of casts shows that it dropped to near-zero at pressure 2.3db to 2.9db. It is possible that in deeper water this offset would prove unsuitable but it does look necessary for these data.
11. SHIFT 
Conductivity  
Tests were run using a variety of settings and judged by how well they removed unstable features in T-S plots. Since there were few such features, this was hard to judge but an advance of 0.5records did improve a few features. 

A shift of +0.5 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, but checks were made by examining plots of temperature and dissolved oxygen; no further adjustment was found appropriate.

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 7 points) was deleted from 10db to 10db above the maximum pressure.

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

Many of these casts are in areas of active mixing so small unstable features in T-S space are likely real. The pressure resolution also makes it difficult to judge where unstable features are due to shed wake corruption. So editing was kept to a minimum.

CTDEDIT was used to remove records near the top of many casts and records corrupted by shed wakes. It was also used to clean salinity where unstable features looked likely to be caused by minor misalignment of T and C. 
All casts required some editing except for casts #16, 19, 20, 23, 42.
Notes of editing details were made in the headers. 

T-S plots were examined and no significant problems were found; there are small unstable features but this is an area where they are expected.

14. Salinity Comparison 
There was no rosette available for this cruise. Samples were taken from a Niskin Bottle mounted immediately above the CTD. There were 3 salinity samples taken during events #6, 32 and 41 at the bottom of the casts. The bottles are not considered to be suitable for archival or for recalibration of the CTD salinity for the following reasons:

· Samples were stored for 4.5 months due to equipment problems so the bottle values are likely too high due to evaporation and/or desorption.

· The samples are in fairly shallow water, ~165m, so not good enough for recalibration, though useful for quick check.

· The stops at the bottom were very short for 2 casts, <10 seconds, so the water in the Niskin bottles likely comes from well above the level at which the bottle was fired. For event #6 the CTD is higher than the bottle by 0.70psu and for event #42 it is high by 0.005psu. Event #42 had the lowest vertical salinity gradient near the bottom, so is more believable than #6.
· When the stops are short the CTD data are also less reliable as shed wakes may be corrupting the data.
· For event #32 there was a long stop so there can be more confidence in that comparison. The CTD moved up and down a lot through that stop with a range of 1.6m. That is good for shaking up the Niskin bottle so it may have flushed better than the other 2 bottles. However, the local vertical salinity gradient was high enough to lead to a range of salinity values over the 1.5 metres above the bobbing CTD. CTD salinity varied from about 33.5494 to 33.5569 so that the CTD was lower than the bottle by from about 0.001psu to 0.008psu with an average of 0.004psu. This is in line with expectations but is not sufficient evidence to make any comment on either the CTD salinity or that from the bottles.
For more details see file 2019-009-salinity-comp.xls.
Salinity analysis can be found in spreadsheet QF2019-009SAL*.xls. 
15. Other calibration checks
Sensor History – The temperature, conductivity and pressure sensors have not been used since they were last calibrated at the factory. The last time the pressure sensor was used it was found to have lower resolution than expected. This was likely due to the pressure range setting.
Comparison of repeat casts –There were no repeat casts and nearby casts were too shallow to be useful measures of repeatability. 
Historic Ranges – The only excursions from the local climatology were sections of low salinity around 120db at 4 casts. The mixed layer looks to be deeper than those in the climatology. All temperature values fell within the climatology. There is no evidence of a calibration problem.
Post-cruise calibrations – None were available.
16. CALIBRATE

CTD Salinity will not be recalibrated. The sensors were recently serviced and are likely producing accurate temperature and salinity. 

There was no dissolved oxygen sampling and no other cruises to provide information. No recalibration was applied. 
The pressure does need recalibration by adding 2.3db.

CALIBRATE was run using file 2019-009-recal1.ccf  to subtract 2.3db to the pressure channel. (Depth will be removed later and derived using corrected pressures.
17. Fluorescence Filter

A median filter, size 5, was applied to the fluorescence data.

18. Bin Average and REMOVE
The files were bin averaged using 1db bins.
REMOVE was run to remove Scan_Number, Depth, 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 most values between 82% and 88%, reasonable values for Juan de Fuca Strait. Near the mouth of Juan de Fuca Strait 2 casts had values ~90%. At the only offshore cast (#4) it was 100%, which is within the range expected there.
Depth was re-derived since pressure had been recalibrated.

REORDER was used to get the 2 dissolved oxygen channels together and to move depth near pressure.
19. HEADER EDIT and final checks of CTD files. 

Header Edit was used to fix headers, fix formats and to add the following note to the headers:
The deployment method used was to lower the CTD to 10m, soak for 3 minutes

and return to between 2.5db and 5db after which a full cast was run. 

Conductivity, Fluorescence:URU:Wetlabs, Oxygen:Dissolved:SBE and 

and Turbidity:Seapoint data are nominal and unedited, except that some 

records were removed in editing temperature and salinity.

There were only 3 salinity calibration samples and there were a number of 

problems that made a comparison with CTD salinity unreliable. 

The temperature and conductivity sensors had been recalibrated recently,

so CTD salinity is likely accurate.

There was no extracted chlorophyll sampling. 

There was no dissolved oxygen calibration sampling. Near-surface saturation

rates look reasonable and the sensor had been recalibrated shortly before the

cruise, so values are likely reliable. 

Pressure was recalibrated based on analysis of near-surface data.

For details on the processing see processing report: 2019-009-Processing_Report.doc.
Plots of CTD casts were examined and two files needed amendments. One had the wrong data in it and one file needed a little more editing. There remain some slightly unstable features, but there is no obvious instrumental cause and they may well be real, so no further editing was applied. 
A cross-reference listing was produced.

A header check was run on the CTD files and an error was found in one cast. That was fixed and the check was rerun. No further errors were found.

The sensor history was updated.
20. Thermosalinograph Data  

There were 2 raw TSG files. The second contained only a few records. The first contains no position data. 
A spreadsheet was obtained from the chief scientist is times and positions.
There were no loop samples, flow meter or intake thermistor. The intake is at about 2m. The only method to check calibration is to compare with the CTD casts. 

a.) Checking calibrations
The configuration file used at sea was correct and was saved as 2019-009-tsg.xmlcon. 
The last factory calibration was in November 2015. 

b.) Conversion of Files
The first hex file was converted using the file 2019-009-tsg.xmlcon.

The 2nd file was converted but contained only 4 records, so it was not processed further.

The 1st file was converted to IOS HEADER format.
There were no positions available. A file was obtained from the Chief Scientist with GPS positions. They were recorded every 20 seconds and there was a shift in when the records were at 0, 20 and 40s or 10, 30 and 50s.  The TSG data was recorded every 30s. The GPS file was manipulated to keep either 0s or 30s records and averaged the 20s and 40s records OR the 50s and 10s data. This provides a reasonable match the TSG records.
That file was then converted to an IOS Header file 2019-009-0001.ios2.

MERGE was run to combine the IOS and IOS2 files.

CLEAN was run to add End times and Longitude and Latitude minima and maxima to the headers.

ADD TIME CHANNEL was used to add Time and Date channels.

A time-series plot was produced. The traces look fine with some editing needed at the beginning and end of the file. There was no notable spiking in salinity.

The track plot looks fine. 

c.)  Checking Time Channel

The CTD files were thinned to reduce the files to a single point from the downcast at or within 1db of 2db. These were exported to a spreadsheet which was saved as 2019-009-ctd-tsg-comp.xls. There were only 7 casts with data between 1 and 3m that overlapped with TSG files.  Using upcast values is not useful as the temperatures are all significantly lower than downcasts as they carry deeper water up with them. Salinity data are not very different for the 7 casts as the gradients are lower.
The TSG file was opened in EXCEL, median and standard deviations (over 5 records) were calculated for lab temperature and salinity and the files were reduced to the times of CTD files. Those data were added to 2019-009-ctd-tsg-comp.xls.
To check for problems in the TSG clock or bad matches of TSG and CTD data, the differences between latitudes and longitudes were found. There were no position differences >0.0007º and the median differences were both 0.0001º. So the TSG clock worked well. 

d.) Comparison of T and S from TSG and CTD data
The TSG temperature was found to be higher than the CTD temperature by a median value of 0.396C° (standard deviation 0.04C°) and salinity was low by a median of 0.019psu (standard deviation 0.025psu). 
The TSG temperature is expected to be higher due to heating in the loop, but in November it was high by only 0.19C°. The intake temperatures were higher in November, so a little more heating is expected for this cruise, but not twice as much. The CTD casts with the lowest gradients near the surface have the largest differences, so the upper end of the range is likely more reliable. The increased heating may be due to the flow in the loop being low because of mussels in the line as noted in the log on March 5th. 
The salinity difference is smaller than seen using the same equipment in November 2018 when it was >0.03psu. The near-surface salinity gradients are very low – only event #4 shows any significant variation and that is the case with the largest difference at 0.032psu. The low gradient may account for the smaller differences or there may be fewer bubbles in the loop. 
See 2019-009-ctd-tsg-comp.xls.
Cast #20 was included in the comparison even though there had been problems with the TSG shortly before that cast. The comparison does not look out of line with what came before. If it is excluded the corrections would be only slightly lower and the TSG trace at the time of that cast is similar to that just before the clearly bad data found on May 5th.
Calibration History 

The TSG temperature and conductivity were recalibrated in November 2015 and have been used for 7 other cruises. The calibration checks were poor for most of those cruises with the best being during 2016-06 when salinity was found to be low by about 0.015psu. During 2018-092 in November 2018 salinity was found to be low by 0.03psu but the only information available was from co-incident CTD casts. There was no intake temperature available for most of these cruises. In November 2018 the lab temperature was higher than CTD by about 0.19C. 

Conclusions

1. The TSG clock worked well. 

2. The TSG lab temperature was higher than the CTD temperature by about 0.4Cº. In November 2018 it was reading higher by about 0.2Cº, but ambient water temperatures were higher then, so a little more heating is expected, though not as much as 0.4Cº. However, there may have been a lower flow rate in the loop which might have been due to mussels that were later discovered clogging the line. There are not enough data to trust this comparison, but we have nothing else on which to base recalibration. 
3. The TSG Salinity is lower than that from the CTD data by about 0.02psu. During 2018-092 it was lower by more than that. That is likely because the near-surface salinity gradients are very low so matching depths is less critical. The difference that remains is likely due to calibration drift and/or bubbles – it is possible that the lower flow due to mussels could reduce bubbles. There are few data but the results are quite consistent.
4. A proxy for intake temperature will be created by subtracting 0.4Cº from the lab temperature and the salinity will be recalibrated by adding 0.02psu. In both cases the comparison is weak so only 3 decimal places should be archived.
f.) Editing 
CTDEDIT was used to pad salinity, temperature and conductivity points in the first 11 records and from record 6274 to the end of the file. Records near the end show an offset in temperature that is probably related to the notes about changes made to the flow in the system and problems that arose from that step. These data are clearly not consistent with what came before this point although the last few records seem ok. They were removed but were included in the TSG-CTD comparison. 
g.) Recalibration 

Add Channels was used to create Channel Temperature:Lab with values set equal to Temperature:Primary. 

Calibrate was run using file 2019-009-tsg-recal1.ccf to subtract 0.4Cº from Temperature:Primary and to add 0.02psu from Salinity:T0:C0.

h.) Preparing Final Files 

REMOVE was used to remove the following channels: Scan Number and Flag. 

HEADER EDIT was used to change the DATA TYPE to THERMOSALINOGRAPH and add the depth of sampling to the header and to change channel names to standard names and formats and to add the following comment:

    Sampling System

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

    The seawater is drawn from a 5cm standpipe which is flush with the hull

    and located 2.0 metres below the water line. There is 1.6m of 5cm pipe

    from the hull to the Moyno 2L6 SSQ pump and the water is then pumped

    approximately 26 metres through a 3.8cm stainless steel pipe up to the

    main lab. The system pressure is regulated by a 3.8cm Singer 106RPS valve.

    In the lab, the seawater flows directly through the Seabird model 21

    Sea-cat thermosalinograph and the exhaust goes directly overboard.

    TSG Data Processing

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

    There was no loop sampling, intake temperature sensor or flow rate meter.

    A comparison of temperature and salinity was made with 7 co-incident CTD

    casts with data within 3m of the surface.

    The CTD sensors had been recalibrated recently; calibration sampling was

    insufficient to make a statement about salinity accuracy.

    The temperature in the lab was found to be higher than the CTD casts by a median

    value of 0.4C degrees. A proxy intake temperature was created by subtracting

    0.4C degrees from the lab temperature. 

    The heating in the loop is much higher than expected, and is likely due to 

    mussels clogging the flow line, effectively lowering the flow rate despite the

    setting chosen by the operator. Eventually the whole system was shut down due

    to problems establishing a good flow.

    The TSG salinity was lower than that from the CTD salinity with a median difference

    of about 0.02psu compared to CTD data from 2m. The near-surface waters were well

    mixed and the differences fairly consistent, so recalibration was applied by

    subtracting 0.02psu.

    Temperature:Primary - The temperature data from the lab were recalibrated based

      on comparison with CTD data to create a proxy for intake temperature. This was

      a rough estimate.

    Temperature:Lab - These are uncorrected temperature data from the TSG. 

    See document 2019-009_Processing_Report.doc for more details.
    -----------------------------------------------------------------------------

    WARNING: THESE DATA SHOULD BE USED WITH CAUTION AS THE CALIBRATION OF THE

    TEMPERATURE AND SALINITY CHANNELS IS BASED ON A COMPARISON WITH 7 CTD CASTS.

    DATA ARE REPORTED WITH FEWER SIGNIFICANT FIGURES THAN USUAL TO REFLECT 

    UNCERTAINTY IN CALIBRATION.

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

The file was saved as 2019-009-0001.TOB. 

The TSG sensor history was updated. 

As a final check plots were made of the cruise track and time-series and all look fine. 

The cruise plot was added to the end of this report.
PARTICULARS
Problems with TSG on March 5th between events 19 and 20 and again after event 20. Flow increased, got noisy, after an hour the pipe blew off. The line was plugged with mussels.
5. Niskin -Salinity
6. Niskin - TSS

10. The wire jumped the shiv – stopped the CTD, then restarted – renamed after download.

19. Surface Niskin -TSS

22. Surface Niskin - TSS

29. Lot of current

30. Surface Niskin – Sal + TSS

32. Salinity + TSS bottle at bottom

40. Bottle shallowing from beginning at 225m to 210m on way up.

41. Niskin - bottom salinity

42. Surface TSS.

44. battery failed at 66db.
CRUISE SUMMARY

	Cruise ID#:    2019-009

	Dates:   Start: 2 March 2019                   End: 7 March 2019

	Location: OPP – MEQ – Noise

	Party Chief: Vagel S.

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

	1
	SEABIRD
	25
	334
	No
	Yes


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

2019-009


	Calibration Information

	Sensor
	Pre-Cruise
	Post Cruise

	Name
	S/N
	Date
	Location
	Date
	Location

	Temperature
	4484
	8Nov2018
	Factory
	
	

	Conductivity
	2128
	7Dec2018
	Factory
	
	

	ECO Fluorometer
	2215
	27Nov2018
	Factory
	
	

	SBE43 Oxygen
	1483
	3Nov2018
	Factory
	
	

	Turbidity Meter
	?
	
	
	
	

	Pressure 
	0482
	5Dec2018
	Factory
	
	


          CRUISE SUMMARY     TSG  
  Make/Model/Serial#:
SEABIRD/21/3411       Cruise ID#:
2019-009


	Calibration Information

	Sensor
	Pre-Cruise
	Post Cruise

	Name
	S/N
	Date
	Location
	Date
	Location

	Temperature
	3411
	8Nov15
	Factory
	
	

	Conductivity
	3411
	7Nov15
	Factory
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