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	DATE
	DESCRIPTION OF REVISION

	
	


PROCESSING NOTES
Cruise: 2022-042




Agency: IOS, Ocean Sciences Division, Sidney, BC; Freshwater Institute, Central & Arctic Region, Winnipeg, MB.
Location:  Beaufort Sea 

Project: Canadian Beaufort Sea Marine Ecosystem Assessment
Chief Scientist: Majewski A.
Platform: F/V Frosti
Date: 1 August 2023 – 28 August 2023
Processed by: Germaine Gatien

Date of Processing: 1 August 2024  - 13 August 2024 
Number of original HEX files: 54 (1 split cast)
Number of CTD files: 53 
 
Number of bottle casts:   30
INSTRUMENT SUMMARY
SeaBird Model SBE 911+ CTD (Arctic #1189 with pressure sensor 130015) was mounted in a rosette and attached were a Wetlabs CSTAR transmissometer (#SCST1666DR), a SBE 43 DO sensor (#1489), a SeaPoint Fluorometer (#SCF2859), a Biospherical PAR sensor (#70501), a Surface PAR (#20279), a SeaPoint turbidity meter (#11074), an Optode Dissolved Oxygen sensor (16) and an altimeter (#85484). 
The data acquisition program was SeaSave V 7.26.7.107. 

SUMMARY OF QUALITY AND CONCERNS
There was a bridge log with times (BE,BO and EN), water depths and comments. There was one error in the bridge log. Event #13 is from station KUG_01C, not KUG_05. The depth and position confirmed this.

There were rosette logs (digital and paper) which also included comments.   
A list was provided of the first scan number that should be included in downcast files for each event. This was very helpful.
There was 1 error in the configuration files used at sea. It would be helpful in processing to have the original calibration XML files from the factory either stored in a convenient place or included in the folder where the raw data are placed. Also any factory reports from the post-cruise service.
The deployment method varied through the cruise. For casts up to #54 there was a surface soak lasting about 2 minutes after the pumps were turned on. From cast #63 to the end of the cruise there was a soak at 10m, followed by a return to between 2m and 6m and an immediate start of a full cast. A wait of 30s is recommended to allow effects of the upcast to dissipate before the full cast is started. 
There was a lot of salinity sampling but most was at depths where vertical and temporal variability was too high to provide reliable calibration information. If we assume the salinity samples are higher than ambient conditions by about 0.002psu due to slight errors caused by incomplete flushing and delayed analysis, then the primary CTD salinity is likely high by about 0.002psu and the secondary quiet accurate, though the standard deviations in the comparisons make this a very rough estimate. The secondary channels were chosen for archiving and no recalibration was applied to any channels. 

There was no dissolved oxygen sampling, but surface saturation values suggest that calibration was reasonable. 

There were many bottles that were not sampled because they were not needed. Most such samples were removed if there was a clear note that no sampling took place. For cases where no sampling was indicated on the rosette sheet, but there was no note, the records were kept in case there was any sampling for which CTD data may be useful. 

An extra dissolved oxygen sensor was used during the cruise but that channel is not included in the files to be archived. Special files including that channel were prepared and delivered to the chief scientist.
PROCESSING SUMMARY

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

The file names were not in standard format; an underscore was used rather than a dash between cruise number and event number. That was corrected.

The same xmlcon file was used throughout. Parameters from the file were checked against the Arctic calibration summary spreadsheet, and the only difference noted was that the most recent transmissivity calibration  (13 June 2023) had not been chosen. That was corrected and the file was saved as 2203-024-ctd.xmlcon

The calibration spreadsheet did not include data from 2024. There was a configuration file provided from 2024 that contained 2024 calibrations for the temperature, secondary conductivity, transmissivity and dissolved oxygen sensors, but it is assumed these apply after service so comparisons are not useful. For some reason the secondary temperature reading from the 2024 calibration is different by almost 6C°; no explanation was found for that, but the technician was informed. The 2023 temperature channels are in good agreement with no obvious temporal drift, so the current data should be fine.
An initial conversion of a few files show small differences between channel pairs likely to result in salinity differences 0f ~0.001psu.
The rosette log sheets were obtained as well as the salinity analysis spreadsheet.
The cruise summary sheet was completed.
There was no history available for the pressure, temperature, conductivity and DO sensors since their last factory calibration.
3 Conversion of Full Files from Raw Data

The deployment method varied. 
· For casts #1 to 54 there was only a surface soak lasting at least 2 minutes after the pumps came on.

· For casts #63 to 267 there was a soak at about 10m lasting about 2 minutes followed by a return to the surface after which the full cast was run almost immediately. The full casts started at between 2db and 6db. A longer wait at the surface before the full cast is recommended to allow the effects of the upcast from the 10m soak to dissipate, especially if the local conditions are very calm. 

A list was provided of the first scan that should be included in the downcast files. This was extremely helpful.
All hex files were converted using 2023-024-ctd.xmlcon to create CNV files.

A few casts were examined and all expected channels are present. A few features were noted:

· The temperature and conductivity channels are reasonably close. Upcast data are much noisier but in deeper water match downcasts quite well. There are often significant differences in the top 50m.

· Turbidity and Transmissivity generally mirror each other. Turbidity has more spikes.
· In low gradient errors the differences between temperature and conductivity channel pairs is small.

· Altimetry looks good.
· The PAR signal was very noisy at the surface, but has the usual profile. PAR values at the surface are lower than those from the Surface PAR.

4 BOTTLE FILE PREPARATION 
The ROS files were created using file 2022-042-ctd.xmlcon. 
The files were converted to IOS format. 

CLEAN was run to create BOT files. 
Temperature and salinity were plotted for all BOT files. The only problem noted was in event #112 – CTDEDIT was used to clean the secondary salinity lightly around 50db.
A preliminary header check turned up no problems and the track plot looked fine.
Event #15 was a split cast. The upcast was originally called 2023-024-0015u, but this was renamed in the ROS file to 2023-024-0015.ROS. The downcast file already has the correct file name. 
The BOT files were bin-averaged on bottle number and the output was used to create file ADDSAMP.csv. 
There were many bottles that were not sampled. Sometimes they were assigned a sample number and sometimes not. So care was needed in adding sample numbers to the addsamp file. Pad values were entered where no sampling occurred according to the logs. Niskin #1 often did not close or was not fired.

Records with padded sample numbers can be removed later.
The addsamp.csv file was converted to CST files, which will form the framework for the bottle files. 
SAM files were created using the Add Sample Number routine and those files were then bin-averaged. Output was SAMAVG.
Next, the salinity analysis spreadsheet was examined to see what comments should be included in the header file. These were used to create file 2023-024-bot-hdr.txt; it may need further editing to reflect problems found during processing.
SALINITY

Salinity analysis was obtained in spreadsheet QF 2023-024 SAL v2024-05-01.xlsx. 
The sheet with final data for merging with CTD data was saved as 2023-024SAL.csv. 
The analysis was done in late November 2023 which was 3 to 4 months after collection.
The file was converted into SAL files.
The SAL files were merged with CST files with extensions MRG1. 

The files were put through CLEAN to reduce the headers to File and Comment sections only.
The merged files are ordered on sample number, but the SAMAVG files are ordered on bottle number, so one or the other set needs to be reordered in order to merge them. Normally the MRGCLN1 files are reordered on Bottle_Number, but in order to make it easy to remove records with sample numbers padded, this process was reversed. The SAMAVG files were sorted on Sample Number with output SAMAVGS, then the MRGCLN1 files were merged with SAMAVGS with output MRG. Records were removed if Sample_Number was -99.  

The MRG files were put through CLEAN to produce MRGCLN2 files; 0s were entered into any empty flag channels 
5 Compare  
Salinity  

Compare was run with pressure as reference channel. There was a lot of salinity sampling. While most were in the top 50m where gradients are high, there were 28 samples below 200m, of which 11 were samples from the bottom of casts. The deepest was 644m. There are several competing effects to be considered: pressure dependence, time dependence, local gradients, flushing of Niskin bottles and time awaiting analysis of samples. So the bottles were grouped in a variety of ways to try to understand which reflect calibration best. 
Overall, the differences between the CTD salinity and bottles were small below 200m. Above 200db there is large variability with both the CTD looking much higher or much lower than bottles. We do not expect that the CTD is sampling the same water as contained by the Niskin, but how big a problem that is depends on the local vertical gradient. We also expect that the samples will be somewhat affected by the long wait for analysis. There is unlikely to be much evaporation given the careful treatment of the samples, but there may be a little, and there may be desorption of glass particles; both effects would raise the sample values, which would make the CTD salinity look lower than it actually is. 

A variety of criteria were used to find the most reliable comparison.
	
	
	Sal0-Bottle
	Sal1-Bottle
	Count
	Std Dev in fit

	P>200
	0.0026
	0.0004
	28
	0.0017

	P>200 and Stdev<0.0008 all 
	-0.0002
	-0.0025
	21
	0.0050

	P>200 and STDEV<0.0008, bottom only
	0.0014
	-0.0010
	10
	0.0018

	P>300 and STDEV<0.0008; not bottom
	+0.0007
	-0.0016
	7
	0.0027

	P>200 and STDEV<0.0008; not bottom
	-0.0016
	-0.0038
	11
	0.0066

	As above but rejecting 2 outliers
	+0.0005
	-0.0019
	9
	0.0052


*Standard deviations approximately the same for both CTD channels.

Local gradients are a factor that will affect the error due to incomplete flushing. The standard deviation in the CTD salinity during the 10s window gives a hint about where the local gradients are large. So we expect the best comparison where local gradients are low, minimizing errors due to incomplete flushing. Those suggest that the CTD salinity is reading lower than the full comparison would suggest. 

Complicating the issue further, the differences for bottles around 200db are much more variable than from those at 300db. Examination of profiles showed 2 of those casts were in areas of fairly high vertical salinity gradient at 200db but not at 300db. When those 2 outliers were rejected, the result looks very similar to the P>300db result. The result of all fits that excluded Standard Deviation in the CTD Salinity >0.0008 fall into a fairly tight range with the primary ranging from low by 0.0016 to high by 0.0007psu. The secondary ranged from low by 0.0038 to low by 0.0010psu. The high end of those ranges look most reliable. 

Incomplete flushing of Niskin bottles will lead to bottles fired during the upcast having higher salinity contents than ambient conditions, while those at the bottom would have lower salinity. This would make the CTD appear to read lower than bottles except at the bottom where it would read higher. Separating bottom bottles from the others does reflect such an effect, with a difference of about 0.003psu. Based on past studies the error at the bottom is usually larger than those from upcast stops, so the effect on the deeper upcast bottles in these data is likely no more than 0.001psu. That error would add to the error due to delayed analysis which is also likely small. An estimate of total error is the bottle values are high by about 0.002psu. 
If Bottle Salinity = Ambient Salinity +0.002psu

Then CTD Sal – Bottle Sal = CTD Sal - Ambient Salinity -0.002psu.
We want CTD Sal – Ambient Sal = 0

So CTD Sal – Bottle Sal  = -0.002psu is our aim.

If we trust the fit below 200db excluding 2 outliers, then the primary is a little high and the secondary is low by about 0.002psu. That is a very small set of data and the standard deviation is 0.005psu, but it is likely the most reliable. It also suggests no significant drift in T and C sensors which is confirmed in section 9 as temperature and conductivity channel differences were very small late in the cruise.
There is very little time dependence noted in the deep samples. Pressure dependence is slightly higher than the secondary but there are insufficient data to consider this significant.

The only significant outliers were at the surface. The largest had an extremely high standard deviation in the CTD salinity during the 10s window. None of the outliers suggest problems with samples, so no changes to quality flags are recommended.

For details see file 2022-024-sal-comp1.xls.

6 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.

7 ALIGN DO

Based on results from previous years using this CTD in the same area a setting of +3s was selected to advance the dissolved oxygen channel. Plots examined afterwards showed this was a good choice to bring the offset between downcast and upcast DO into alignment with that of the temperature channels. 
ALIGNCTD was run on all casts using a setting of +3s to the dissolved oxygen channel.
8 CELLTM

The usual tests for the best settings for this routine are difficult to interpret because of the noisy upcast data, so the default settings was used.
CELLTM was run using (α = 0.0245, β = 9.5) for the primary and secondary conductivity.
9 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 some of the deeper casts to find the differences between the channel pairs. The two deepest show good correspondence between sensors below about 225db.
	Cast #
	Press
	T1-T0 
	C1-C0
	S1-S0
	Descent Rate

	2023-024-0152
	490
	 0.0000
	-0.00021
	-0.0026
	High, Noisy

	2023-024-0152
	600
	-0.0001
	-0.00020
	-0.0027
	High, Noisy

	2023-024-0250
	490
	 0.0000
	-0.00020
	-0.0026
	High, Steady


The differences between CTD salinity channels is similar to those found in the salinity comparison to bottles (0.0022psu to 0.0026psu).
10 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. 
CLIP was run to remove the 10m soak data based on scan #s provided by the chief scientist.
11 Checking Headers

An initial cross-reference list was examined and no values were missing.
A header check was done. There are obvious spiky values likely from the surface but no significant problems were noted; no negative fluorescence values were found.
Track plots – The cruise tracks were plotted and look ok; they were added to the end of this report. 
The surface check was run on the files before CLIP was applied. The average value was +0.324db with a minimum value of +0.18db.  All casts were put through reverse and the surface check was run again. The minimum upcast pressures were all positive with an average of 0.26db and minimum of 0.12db. So pressures appear to be well within specifications.

12 CLIP

A list was provided of the # of scans that needed to be removed from each cast to remove the soak data; 
CLIP was run to remove the soak period for each cast. Plots were made to ensure an appropriate number of scans were removed. In many cases there are a few more records that could be dropped but DELETE should handle that The only case that looked bad was cast #63; the number of records to be clipped was changed and CLIP was rerun on that cast.. The clip file was updated.
It was discovered that the bottom depth had not been entered in the headers of files. The data are available in the bridge log. First a check was made that those values look reasonable. 

The altimeter readings from the headers of the CLIP files were exported to spreadsheets. A check was made by calculating: Check Value = Max Depth Sampled + Altimetry header – Water depth. Only 4 casts were found when the check value was >5m. Of those, 3 had notes in the log about drifting and/or steep slopes, so the difference is easily explained. For the other cast the check value is 10 in shallow water, so the depth is probably reflective of the beginning of the cast in an area likely to have variable depths. No changes were made to the water depths from the bridge.

File 2023-027_hdr_mrg.csv was prepared to add those values to the headers. Merge CSV file to Headers was run on the CLIP files.
13 Shift
Fluorescence

SHIFT was run on the fluorescence channel in all casts using the usual advance of +24 records. Plots made after this step were hard to interpret due to noisy fluorescence and many stops for bottles but there is clearly some improvement in matching the fluorescence offset to the temperature offset.
Dissolved Oxygen 

Channel Oxygen:Voltage:SBE was aligned earlier. A few casts were checked to see if further alignment is needed for the DO concentration channel; it is difficult to judge but the alignment looked reasonable. 
Conductivity
Tests were run on 5 casts using a variety of shifts. During 2022 with the same equipment the choices made were -0.7s for the primary and -0.4s for the secondary. 

The best results for the primary on these data were either -0.5s or -0.7s but much noise remained. 

For the secondary the data looked more stable to start with and improved when -0.4s was applied.

SHIFT was run twice using -0.7s for the primary and -0.4s for the secondary.
14 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: The only warnings concern 2 very shallow casts and 2 with noisy sections in the upcasts which are of no concern for these downcast files. 
The output files were copied to *.EDT.

Header Check was rerun and shows that the major spikes have disappeared.
Fluorescence values for cast #152 are close to the rated maximum around 39-42db but there is enough variation to suggest that the sensor had not gone off-scale.
15 Other Comparisons

Previous experience with these sensors – 

There was no history available for the pressure, temperature, conductivity and DO sensors since their latest factory calibration. 

Historic ranges – Local climatology was not available.
Repeat Casts – The only casts that are close together are too shallow to test repeatability. 
Post-Cruise Calibration – None available at the time of processing.
16 DETAILED EDITING
The secondary temperature and salinity channels were edited for all casts since they looked smoother overall in T-S space than the secondary channels. 
CTDEDIT was used to remove large spikes, remove or clean smaller spikes that appear to be due to instrumental problems and misalignment of T and C and records corrupted by shed wakes. For most casts the editing was mostly at the top and bottom of casts.
All files were edited. The output files were copied to EDT. 
T-S plots were examined and the results looked ok; there are some small unstable features in a few casts near the surface. There was no obvious instrumental cause of some of these features so they may be real. 
17 Initial Recalibration
The pressure does not need recalibration.
There does not appear to have been significant drift in salinity through the cruise.
There was no Dissolved Oxygen calibration sampling. Surface saturation of DO was derived and plotted.

CHANGE UNITS was used to derive dissolved oxygen in mass units.

DERIVED QUANTITIES was used to calculate DO surface saturation. 

Plots were made of DO surface saturation and most values were between 100% and 104% while a few were high at 110% to 115% and cast #4 was very low at 79%. The extreme values were from NRC02 (High), and NRC01 (low) with fairly high values in some sites in Prince of Wales Strait .  
Dissolved oxygen shows no evidence of reading low, but some drift towards lower values is normal for these sensors. 

CALIBRATE was not run. 

18 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)
19 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.

20 Final CTD File Steps (REMOVE and HEADEDIT)
REMOVE was run after REORDER in order to prepare special files with all channels for use of Chief Scientist.
REORDER was run to get the two DO channels together.

REMOVE was run to remove the following channels: Scan_Number, Temperature:Primary, Conductivity:Primary, Salinity:T0:C0, Oxygen:Voltage:SBE, Altimeter, Status:Pump, Descent_Rate and Flag from all casts

HEADER EDIT was run on the REM files to add a special header and files were given output extensions CTDSPEC. These files are for the use of the Chief Scientist and contain the Optode and Rinko data. 
REMOVE was run again to remove channels Uploy0 and Uploy1. These files have extensions REM2.

HEADER EDIT was run on the REM2 files to fix formats and channel names and to add comments.
These files have extension CTD and are intended for the OSD data archive.
The Standards Check routine was run and no problems were found. 
The cross-reference list was produced for the CTD files and a problem was found in the station name for event # 13. The station name in the Bridge Log is KUG05 and that is clearly wrong. The position looks like KUG_01C from the previous year. Cast #13: 70 38.72 N  134 28.27 W In 2022 KUG_01C was at 70 39.31 N  134 29.09 W.
The station name was changed. 

A header check was run on the final files and no problems were found. 
Plots of each file were examined. PAR is always lower than Reference PAR, but the PAR data do not start until the CTD is between 2 and 5m, so the difference may not be significant. No other problems were found. 
21 Final Bottle Files
No recalibration was required.

The MRGCLN2 files were put through SORT to order on increasing pressure. 
REMOVE was run to remove the same channels as for the profile files plus the UPLOY0 and UPOLY1.
A second SBE DO channel was added to the CTD DO with mass units and REORDER was run to get the 2 SBE DO channels together.
Merge CSV file to Headers was run to add water depth. Output MRGMRH. 
HEADER EDIT was run to ensure formats and units are correct, change the channel name Bottle_Number to Bottle:Firing_Sequence and the name Bottle:Position to Bottle_Number and to add a comment about quality flags and analysis methods and a few notes about the CTD data processing.
A header check was run on the final files and no problems were found. 
A cross-reference list was produced and no problems were found.
Plots were examined and no problems were found.

The bottle data were exported to a spreadsheet and compared with rosette sheets and problems were found:

· Some problems in sample numbers were found that originated in the ADDSAMP file due to some missing pad values. Event numbers were substituted when those were missing. Processing was repeated and the problems were resolved. 

· The comments about bottles being closed on the fly had been missed. So before repeating the bottle steps, flag 2 and comments were added to salinity samples. One such case had no salinity sample. (sample 119) but a flag 2 was added to the salinity even though it is padded in case the information is needed later for other samples. 
· A few records where a note indicates bottles had not been sampled were missed in the process of removing such records. As this is not a significant error, they were left “as is” since the correction process tends to introduce problems of its own.

· The salinity data from the sample analysis spreadsheet included only 3 significant decimal places, so the output format should match that. Edit Headers was rerun with format F8.3.
Standards check was run on all files and the only error reported was the non-standard format for salinity;  this was the format provided by the analyst.
22 Producing final files
There is no sensor history for these sensors since they belong to the Arctic program. 
Particulars – 
Bottles closed on the fly: 103, 150, 165, 181, 189, 195, 267, 337, 351, 362, 

NRCAN samples: 2, 3, 6, 7

Other issues:
15. Separate casts for downcast and upcast.

79. Drifting deeper

132. Drifting shallower, bracket broken, bottle leaks at attachment point.
201. Steep bathymetry, narrow troughs.

231. 1.3nm from rest of events at this station.
247. 10 kts wind, 3m swell

248. 2 kts wind, 2-3m swell

258. 9kts wind 1m swell

266. 22kts wind 3m swell
CRUISE SUMMARY – CTD

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

	1
	SEABIRD
	911+
	1189
	Yes
	Yes

	Calibration Information - 1189

	Sensor
	Pre-Cruise
	Post Cruise

	Name
	S/N
	Date
	Location
	Date
	Location

	Temperature


	5830
	30Dec2022
	Factory
	
	

	Conductivity
	2984
	28Dec2022
	Factory


	
	

	Secondary Temp.


	
5831
	17Oct2022
	Factory


	
	

	Secondary Cond.


	4339
	26Nov2019
	Factory


	
	

	Transmissometer


	1666
	13Jun2023
	IOS
	
	

	SBE 43 DO sensor
	1489
	22Oct2022
	Factory
	
	

	PAR
	70501
	4Apr2016
	Factory
	
	

	SeaPoint Fluor.
	2859
	21May2020
	
	
	

	Surface PAR
	20279
	4Apr2016
	Factory
	
	

	Pressure Sensor
	130015
	23Dec2013
	Factory
	
	

	Altimeter
	85484
	27Jan2023
	Factory
	
	

	Turbidity Meter
	11074
	23Mar2007
	Factory
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