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PROCESSING NOTES
Cruise: 2022-017




Agency: OSD

Location: Strait of Georgia to Swiftsure Bank
Project: Acoustic Moorings
Chief Scientist: O’Neill C.
Platform: Vector
Date: 29 June 2022 – 5 July 2022 
Processed by: Germaine Gatien

Date of Processing:  19 July 2022 – 25 July 2022 
Number of HEX files: 45

Number of CTD files processed: 45
Number of original TSG files: 3

Number of TSG files processed: 2
INSTRUMENT SUMMARY
CTD #1222 was mounted in a rosette and attached were a Seapoint Fluorometer (#3640), a SBE 43 DO sensor (#1438) and an altimeter (#73171). 
Seasave version 7.26.7.121was used for acquisition.
The data logging computer was Vector Thinkcenter (Main).. 
The deck unit was a Seabird model 11+ #424.
The TSG was a SeaBird SBE21 (#3411).
SUMMARY OF QUALITY AND CONCERNS
The digital Daily Science Log Book had a few problems. The pumps on which the fluorometer and dissolved oxygen sensors were mounted were not indicated. This makes it more difficult to diagnose flow problems, one of which did occur during this cruise. The serial number of the thermosalinograph did not match that in the configuration file. There were 2 pages provided with instrument information that did have the serial number entered and it matched the configuration file. 
This cruise suffered what has become a general problem: the digital logs usually lack sufficient comments about problems encountered or changes made. If there is a paper log that will provide more information, that should be indicated in the digital log. If there is no paper log being kept, it is essential to add more comments. The comment space can be expanded to accommodate details when appropriate.

The CTD files did not include NMEA positions. The positions were in the digital log and were added later, but this slows down processing of data. 
There were problems in the secondary CTD channels during a few casts. It was noted in the log that after a large spike in fluorescence during cast #53 the alignment of T/C pairs improved. However, significant differences between salinity channels were also seen in top 15m of the cast that followed. The problem was in the secondary channel and was not seen after cast #56. Primary temperature and salinity channels were selected for archiving. Fluorescence was removed from casts #53 and #56.
The altimeter did not work properly during events #1 to 17. This was not mentioned in the log, though it must have been noticed. The altimeter worked very well from event #21 onwards.

There was no calibration sampling for the salinity or dissolved oxygen sensors. The 2 salinity channels were close in value and recently recalibrated, so drift was likely small. The SBE DO sensor was also serviced and recalibrated shortly before the cruise, but values are likely a little low since that is the usual sort of drift in these sensors.
The Thermosalinograph performed well while it was running but there is a 19 hour gap in the record; during that gap there was one short file that contained no useful data. There were no notes found to explain what happened. There was no flow meter, intake thermistor or loop sampling. The thermosalinograph data were compared with data from co-incident CTD casts with an emphasis on the earlier part of the cruise because of the high variability in the Strait of Georgia. A proxy for intake temperature was derived by subtracting 0.2C° from the lab temperature. Salinity was recalibrated by adding 0.02psu based on an estimate of the error due to bubbles in the loop water. 
PROCESSING SUMMARY

1. Seasave
This step was completed at sea; the raw data files have extension HEX.

2. Preliminary Steps
· The configuration file used could not be checked during initial processing as the calibration report from the factory was not available. It was assumed entries were correct and checks will be made before archiving. One file was saved as 2022-017-ctd.xmlcon. (All found to be correct-Sept.16)
· The Log Book and rosette log sheets were obtained 
· The cruise summary sheet was completed. 
3. Conversion of Full Files from Raw Data

All files were converted using 2022-017-ctd.xmlcon. 
The Tau function was selected but not the hysteresis function since there was no deep sampling. Depth was included in the conversion.

A few casts were examined. The T and C pairs were reasonably close during downcasts with upcasts very noisy. Fluorescence & dissolved oxygen look normal. Altimetry data look bad until event #21, after which the signal looks excellent.
As noted in the log, cast #53 does have problems which will be studied after derivation of salinity.
4. WILDEDIT

Program 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 = 50

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

5. ALIGN DO

A few casts were examined; both temperature channels were noisy during upcasts so the tests were not easy to interpret, but using +2.5s certainly improves the alignment and overall looks like a good choice for both sensors. That setting has worked well for many SBE DO sensors in recent years. 

ALIGNCTD was run on all casts using +2.5s.

6. CELLTM

The noise in the upcast data makes tests for the best parameters for this routine very difficult to interpret. In the past when upcast data were not so noisy, the default setting of (α = 0.0245, β=9.5) was generally found to be the best choice. A few casts were checked for this cruise and the default setting does improve the data. CELLTM was run using (α = 0.0245, β=9.5) for both the primary and secondary conductivity.

7. DERIVE and Channel Comparisons
Program DERIVE was run on all casts to calculate primary and secondary salinity and dissolved oxygen concentration.
Tests were done to ensure the previous steps had worked well. The DO alignment looks reasonably good. 
As noted in the log, alignment of the T/C pairs were poor during cast #53 and there was a very large fluorescence spike at 180db which suggests a blockage cleared at that point. Alignment improved somewhat then, but even during cast #56 there were problems down to about 15db. In general for this cruise the salinity channels are very close with the secondary slightly higher. For cast #53 the secondary salinity is much lower than the primary until 20m and the difference from the primary varies in sign below that. The secondary temperature channel was also affected somewhat during #53 but not during #56. There is no obvious sign of trouble with fluorescence other than the one huge spike in #53. There is some evidence that the problem arose during cast #51 but the effect was small then. After cast #56 the problem in the secondary channels disappeared.
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There were no deep casts, but differences are small at about 275db with secondary higher than primary in all cases. ∆ Temperature ~0.0004, ∆ Salinity ~0.002, ∆ Conductivity ~0.0002.

8. Conversion to IOS Header Format

The IOSSHELL routine was used to convert SEA-Bird 911+ CNV files to IOS Headers. 
Merge CSV to Headers was used to add locations to the files. They were extracted from the digital log and formats adjusted to enable this step. (File 2022-17-mrg-hdr.csv.)
CLEAN was run to add event numbers and to replace pad values in the pressure channel with interpolated values based on record number.
9. Checking Headers

· The cross-reference check was run. Positions were missing for 2 casts; formats in the merge spreadsheet were fixed and that routine rerun. For events 1 and 5 the station name had 2022-017 as a prefix, so that part was removed. The file named as 2022-017-0031 was missing, because there was no event #31 in the digital log. It should have been named 2022-017-0032. The name was adjusted in the *.ios file, and the merge and clean steps were repeated.
· The header check was run and turned up no problems. The minimum pressure recorded was ‑0.07db during cast #8. There were just 4 records with pressure <0 during that cast and they were well separated;  the descent rate was extremely noisy. The CTD spent a lot of time at the surface, mostly at ~1db.  Conductivity was still high, but the CTD could have been right at the surface very briefly. There were no negative fluorescence values.
· Surface check was run and found an average  of 1.3db which is fairly shallow. However, the lowest values came from the Strait of Georgia where conditions were quieter.
· Cruise tracks were plotted and no problems were found. The track with event numbers was added to the end of this report. The one with station names was too crowded to be useful.
The altimeter and water depth readings from the headers of the CLN files were exported to spreadsheets. 
The altimetry was bad from the first 13 casts, with values all about 99 except that a few casts had a few records with lower values right at the bottom, but even there the values were obviously bad. 
From cast #21 onwards altimetry looked excellent. There is no note in the log about what happened.
A check value was calculated as follows:


CHECK VALUE = Max Depth Sampled + (Altimetry Header – 1) - Water Depth from Header

The altimetry averages over 2m so the header values are likely high by ~1m.
There are bound to be small variations due to water depth changes through the cast, but those changes should be fairly random. There can be also small calibration errors in both sounders and altimeters. 
There were 2 cases where the check value was  >5db; the water depth entries differed from the header entries in both cases (one was clearly a typo), so the headers were changed to match the log. In most other cases where there were small differences between log and header, the headers produced the better result. One other header was changed, though the difference from the log was only 3m.  
See 2022-017-altimeter.xlsx for details.
10. Shift
Fluorescence

SHIFT was run on the SeaPoint fluorescence channel in all casts using the usual advance of +24 records. Plots show that the vertical offset between downcast and upcast for fluorescence is reasonably close to that for temperature after this step.
Dissolved Oxygen 

The Dissolved Oxygen voltage channel was aligned earlier. A few casts were checked to see if the alignment looked good, and it did. No further alignment is needed for the DO concentration channel,
Conductivity
Tests were run on a few casts to assess what settings are best to align conductivity with temperature (as judged by the effect on salinity as seen in T-S space). No setting was found that improved the primary data. The best settings was -0.7records for the secondary, although for a few features -0.9 looked better. 

SHIFT was run on all SBE911 casts using -0.7 records for the secondary conductivity. Salinity was recalculated.

11. 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. 
12. Other Comparisons

Experience with these sensors since last factory service –  None
Historic ranges – Profile plots were made with 3-standard deviation climatology ranges of T and S superimposed. Salinity was low in a few areas of 5 casts in the Swiftsure and western Juan de Fuca areas, but they look like the effect of deeper mixing than seen in the climatology. Similar observations were made in June 2021 in this area. The excursions do not suggest any problems with calibration. Temperatures were all within the climatology.
Post-Cruise Calibration – There were no post-cruise calibrations available. 

13. DETAILED EDITING
The primary channels were chosen for recalibration since there were some serious problems with the secondary system for a few casts.
Active mixing in this region  leads to unstable features that may be real.

CTDEDIT was used to remove or clean data. Editing was limited to cases where unstable features are clearly due to shed wake corruption or instrumental noise or misalignment of T and C. 
Most files required some editing, mostly removing some records near the top and bottom of casts and some light editing of salinity. No editing was applied to casts: 36, 37, 38, 59.
Notes about editing applied were added to the files.
The edited files were copied to *.EDT.
After editing T-S plots were examined for all casts. The only unstable features found were from areas where some unstable features are expected and could be real. No further editing was applied.
14. Corrections to Pressure, Salinity and Dissolved Oxygen Concentration

There is no indication of a problem with pressure calibration and there is no information available upon which to base recalibration of conductivity. No recalibration was applied.
15. 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)
16. 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.

On-screen T-S plots were examined. There are some small unstable features but from this region of active mixing they may well be real.
Profile plots were examined to see if there any problems. It was uncertain that the fluorometer was on the secondary pump, but the fluorescence spike during cast #53 makes it likely. So, because of the problems noted in the secondary system during events #53 and #56, fluorescence was examined closely. The fluorescence is low for event #53 and relatively high for event #56; the latter site is quite far from other sites sampled. Whether the fluorescence is bad at either of these sites is not obvious, but given the likely problems with flow rate, the fluorescence channel will be removed from both the casts.
17. Final CTD File Steps (REMOVE and HEADEDIT)
For all casts REMOVE was run to remove the following channels:

Scan_Number, Temperature:Secondary, Conductivity:Secondary, Oxygen:Voltage:SBE, Descent_Rate, Status:Pump, Altimeter, Salinity:T1:C1 and Flag.
For casts #53 and #56 fluorescence was also removed due to the problems noted in the secondary system. There is no obvious problems in the

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 comments about processing. 
The Standards Check routine was run and no problems were found. 
The Header Check was run; no problems were found. 
Profile and T-S plots were examined. No problems were found.
The sensor history was updated. 

18. Dissolved Oxygen Study

As a final check of dissolved oxygen data, % saturation was calculated and plotted. Values at 2 to 3m ranged from ~60% to 130%. We expect low values from many of these casts since they are in areas of active mixing. While these values are stated as surface saturation, the CTD casts only start at 1 to 2m.

The lowest values were in eastern Juan de Fuca Strait, Haro Strait and amid the Gulf Islands. In the Swiftsure area values ranged from 80% to 130% with highest values from sites furthest from Juan de Fuca Strait. In Juan de Fuca values generally decreased from west to east, varying from 70% to 95%. In Haro Strait and close to the Gulf Islands values ranged from 60% to 95%. In the Strait of Georgia the range was 80% to 100% with the highest values farthest from shore. There is insufficient information to allow recalibration, but recent servicing and recalibration means values are likely good to within a few % points. Any calibration drift is likely to be towards lower values.
19. Thermosalinograph Data  

There were 3 thermosalinograph files.

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 parameters could not be found, so they were assumed to be correct.

b.) Conversion of Files
2 of the 3 files were converted to CNV format. 

There is a gap between the 1st and 2nd files and the 2nd one could not be converted. A few routines that often help repair TSG files failed to help. 19 hours of data are missing.
The times covered in the useful files are:
2022-017-0001 – June 30, 2:57 to July 2, 7:46
2022-017-0003 – July 3, 2:53 to July 5, 14:24.

They intersect with all CTD casts except 28-35 (JDF28, JDF29, Sooke and HaroStr).
The 2 CNV files were converted to IOS HEADER format.

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 temperature and salinity look spike-free and have good resolution.

The track plot looks fine and was added to the end of this report. 

c.)  Checking Time Channel

· The CTD files were thinned to reduce the files to a single point from the downcast within 0.5db of 2db. These were exported to a spreadsheet which was saved as 2021-078-ctd-tsg-comp.xls. There were 41 CTD casts with data available that overlapped with TSG data. 

· The TSG ATC files were bin-averaged over 5 records (1 minute) with standard deviations included and was then opened in EXCEL. The files were reduced to the times of CTD casts. Those data were added to 2022-017-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. The median differences were both 0.0002º with a maximum difference of 0.0005º. So the TSG clock worked well. 

d.) Comparison of Temperature and Salinity from TSG and CTD data
When all casts were included the TSG temperature was higher than the CTD temperature by a median of 0.2615Cº (std dev 0.3152Cº). When the data set was reduced to the 15 casts with standard deviation in the TSG temperature <0.015 Cº and differences <1 Cº, the TSG read higher by a median of 0.2173Cº (std dev 0.0932Cº). 
For salinity the TSG salinity was lower than CTD salinity by a median of 0.0711psu (std dev 2.3265psu). When the 15 casts with standard deviation in TSG salinity <0.01psu and difference <0.1psu the TSG salinity was found to be low by a median of 0.0350psu (std dev 0.0161psu).

The TSG temperature is higher than that from the CTD by an amount that is likely due primarily to heating in the loop. There could also be some influence from slight mismatches in the depths of the water sampled by the CTD and TSG. Salinity reading low might also be due to vertical offsets in sampling, though that difference should be small given the low near-surface gradients for the casts included in the calculations. Bubbles also lower TSG salinity. While there is no evidence of large bubbles in the time-series traces, there could be small ones. 
The plot below shows that the variability rose sharply when the ship moved from Juan de Fuca Strait to the Strait of Georgia. This is expected since mixing in Juan de Fuca keeps vertical gradients quite low. 
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See 2022-017-ctd-tsg-comp.xls for details.

Calibration History 

The only other history available for this TSG since it was recalibrated in 2019 was from a 2020 Vector cruise in autumn. Heating in the loop was estimated to be 0.2Cº but there was a lot of variability. The salinity comparison was too noisy to enable recalibration. 
Conclusions

1. The TSG clock worked well. 

2. The TSG lab temperature was higher than the CTD temperature by roughly 0.22Cº which is within the normal range for heating in the Vector loop. Unknown factors are the flow rate in the loop and the ambient temperature of the loop environment. When last used the loop heating was estimated to be ~0.2Cº in October 2020; surface temperatures were slightly lower then, so we might expect more heating than during this cruise, but the flow rate is also relevant and we don’t know that for either of them. Assuming that water heats in the loop by about 0.2Cº looks reasonable.
3. The TSG Salinity is low by ~0.035psu. This could be partly due to the TSG drawing water from higher in the water column than the CTD measurement, but that is unlikely to account for more than a  0.01psu difference in Juan de Fuca Strait with its low near-surface salinity gradients. Variability is high, so time differences are often significant, but that difference should be random and mostly disappear in averaging. Bubbles likely account for some of the difference. The CTD was recently calibrated and the two channels are in good agreement, so it is likely more reliable than the TSG. So, adding 0.02psu is a conservative choice that allows from some part of the difference to be due to vertical offsets in the 2 data sets. 
f.) Editing 
No editing was needed. 
REMOVE was used to remove the following channels: Scan Number and Flag channels.

g.) Recalibration 

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

Calibrate was run using file 2022-017-tsg-recal1.ccf to subtract 0.20 from Temperature:Primary and to add 0.02psu to Salinity.
h.) Preparing Final Files 

HEADER EDIT was used to change the DATA DESCRIPTION to THERMOSALINOGRAPH and add the depth of sampling to the header and to change channel names to standard names and formats.

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.
The cross-reference list for the TSG files is below.

 Filename          Event  Station  Latitude    Longitude        Date       Time

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

 2022-017-0001.tob  0001  o        48 15.96 N  125  4.04 W  UTC 2022/06/30 02:57

 2022-017-0003.tob  0003  o        48 38.43 N  123 33.46 W  UTC 2022/07/03 02:53

Particulars  - Notes from digital Daily Science Log 

53. May have been a minor blockage until 180m as there was a spike in fluorescence then; temperature and conductivity were not lining up well until then.
2022-017
CRUISE SUMMARY – CTD

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

	1
	SEABIRD
	911+
	1222
	Yes
	Yes

	Calibration Information - 0443

	Sensor
	Pre-Cruise
	Post Cruise

	Name
	S/N
	Date
	Location
	Date
	Location

	Temperature


	5013
	11Mar2022
	Factory
	
	

	Conductivity
	4434
	 04Mar2022
	Factory


	
	

	Secondary Temp.


	5725
	11Mar2022
	Factory


	
	

	Secondary Cond.


	4448
	04Mar2022
	Factory


	
	

	SBE 43 DO sensor
	1438
	2Apr2022
	Factory
	
	

	SeaPoint Fluor.
	3640
	
	Factory
	
	

	Altimeter
	73171
	20Jan2021
	
	
	

	Pressure Sensor
	1222
	17Mar2022
	Factory
	
	


	Calibration Information – TSG 3411

	Sensor
	Pre-Cruise
	Post Cruise

	Name
	S/N
	Date
	Location
	Date
	Location

	Temperature
	3411
	31Dec2019
	Factory
	
	

	Conductivity
	3411
	31Dec2019
	Factory
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