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PROCESSING NOTES
Cruise: 2017-78
Agency: PBS, Ecosystem Sciences Division, Nanaimo, B. C.
Party Chief: King J.


Location: Queen Charlotte Strait
Project: Coastal Ocean Salmon
Platform: Sea Crest
Date: 27 September 2017 – 10 October 2017
Processed by: Germaine Gatien

Date of Processing: 10 April 2018 – 24 April 2018
Number of original HEX files: 
31
Number of CTD files: 30
INSTRUMENT SUMMARY
A SeaBird Model SBE-25 CTD (# 0404) was used with temperature sensor #2449, conductivity sensor #1764, Wetlabs ECO Fluorometer #4185, dissolved oxygen sensor #1176, pH sensor #0852 and pressure sensor #0464.

SUMMARY OF QUALITY AND CONCERNS
Log books were available as well as a spreadsheet giving event numbers, positions, station names and times of events. Water depths were added to the spreadsheet and it was then used to add information to the headers of the files.

The raw files had non-standard names. The names contained no information to link them to the log entries. All files had to be converted so that instrument time stamp entries and maximum depths could be recorded. Those were then used to match log entries and so work out what names to assign to the raw hex files. This was complicated by errors in the times recorded in the log book. Times were mostly said to be in UTC but were actually in UTC-14 hours; 7 hours had been subtracted from PDT rather than added. A few entries were in PDT and that was noted clearly in the log book. Choosing local time is fine and is sometimes the wisest choice as long as the time zone it is clearly recorded.
As is generally the case for small boat cruises, the headers do not contain position information or water depths and station names. This slows down processing of the data and the entry of the information is error-prone, though the spreadsheet provided was helpful in that step. To enter such details in the headers in a way that gets converted properly into IOS Header files, use the following format when prompted by the acquisition routine:

Latitude: 49 3.345 N

Longitude: 123 22.372 W

Station: 41

Depth: 245 m

Having a template on the desktop so you can quickly update entries, then copy and paste avoids the problem of the acquisition system timing out.
The deployment method was to soak the CTD at about 5 or 6m for 1¼ to 2½.minutes. The CTD was not then returned to the surface so there are no useful data above 5m. The factory recommendation is that the CTD should be lowered to 10m to remove bubbles from the system, then returned to the surface after which there is a short wait and then a full cast is run. If there is a good reason to not do the deep soak, then a wait of 3 minutes is recommended. The pumps do not come on until the CTD has been in the water for at least 45s and equilibration takes some time after that. Even an unpumped sensor like the pH needs a few minutes to equilibrate. 
There was no deep salinity bottle sampling during this cruise or previous cruises using this equipment in 2017. An inter-ship comparison of 2 casts from a June 2017 cruise using these sensors with a cast from a cruise that did include calibration sampling, suggested that the salinity values from this CTD were reasonably accurate. There was near-surface salinity sampling during this cruise but the results of a comparison with the CTD data are considered unreliable. An initial examination of an early 2018 cruise with the same equipment and deep sampling suggests that the CTD salinity values are quite accurate.
There was no dissolved oxygen sampling during this cruise or previous cruises using this equipment in 2017. An inter-ship comparison of 2 casts from a June 2017 cruise using these sensors with a cast from a cruise that did include calibration sampling, suggested that dissolved oxygen values were likely low by up to 4%. That error is likely to have increased with time.
Small negative values in Channel Fluorescence:URU:Wetlabs found in deep water were set to 0.

WARNING: The pH:SBE:Nominal data should be used with caution; no field calibration  data were available at the time of processing. 

Calibration is required for each cast to get absolute values, although general trends within a cast are likely real.
PROCESSING SUMMARY
1. Seasave 
This step was completed at sea. 
2. Preliminary Steps
The Daily Log was obtained. 
The cruise summary sheet was completed. 
No configuration file was provided but the same equipment was used for several other cruises, so that was copied and renamed 2017-78-ctd.xmlcon. 
3. Conversion of Raw Data

The event numbers were non-standard and contained no hint of station names or date/time information, so figuring out which files go with which log entries was difficult. All the files were converted to CNV files and examined to find the time from the Instrument Time Stamp and to find the maximum depth sampled. These were compared with log entries. 

Unfortunately the times in the log book are confusing as well. For a few casts there is a note that the times are not in UTC. The rest are said to be in UTC but are not. Instead of adding 7 hours to PDT to get UTC, 7 hours were subtracted. This was clear only because this sort of work is only done in daylight hours.  Once the time issues were sorted out it became possible to deduce which files correspond to which log entry. Maximum depth of sampling was a useful further check. 

The hex files names were copied to a separate file and renamed and conversion was then run again using configuration file 2017-78-ctd.xmlcon.
All expected channels were found and contain data that look reasonable.
The deployment method was to soak the CTD at about 5 or 6m for 1¼ to 2½.minutes with the majority <1½ minutes. 
The factory recommendation is that the CTD should be lowered to 10m to remove bubbles from the system, returned to the surface and then the full cast is run. If there is a good reason to not do the deep soak, then a wait of 3 minutes is recommended. The pumps do not come on until the CTD has been in the water for at least 45s and equilibration takes some time after that. Even an unpumped sensor like the pH needs a few minutes to equilibrate. 

The pressures where conductivity drops suddenly during upcasts ranged from -0.6 and +0.5db; ±1db is the accuracy quoted by SeaBird for the pressure sensor so this looks reasonable. 
4. WILDEDIT

There was a large spike in conductivity in cast #130.
Program WILDEDIT was run to remove spikes from the conductivity in cast #130 only.  

Parameters used were: 
Pass 1    Std Dev = 2 
Pass 2    Std Dev = 5 
Points per block = 16

The parameter “Keep data within this distance of the mean” was set to 0 so all spikes would be removed.
It took 2 passes to remove the largest spike.
For other casts, WILDEDIT when combined with a filter led to some unstable features so the routine was not used except for #130 which looked ok even after filtering.
5. WFILTER

WFILTER was run with cosine file width 5. That setting worked well on the pressure, depth, temperature and conductivity during past cruises using this equipment. There remain some pressure reversals but they are likely real given these casts were from the offshore area. The resulting salinity looks much improved. 
6. ALIGNCTD

During 2016-40, 2017-41, 2017-52, 2017-53 and 201742 when this DO sensor was also used, the DO channel was advanced by 2.5s. That setting looks appropriate for these data as well. 

ALIGNCTD was run to apply a 2.5s advance.

7. CELLTM
SeaBird recommend the use of (α, 1/β) = (0.04, 8) for CELLTM for the SBE 25 and it has proved appropriate for many data sets. 

CELLTM was run on all casts using the default setting: (α, 1/β) = (0.04, 8).
Casts were examined after this step and CELLTM worked well in bringing upcast and downcast T-S traces closer.

8. DERIVE

Program DERIVE was run to calculate salinity and dissolved oxygen concentration (tau correction included). 
9. Conversion to IOS Headers

The IOSSHELL routine was used to convert the CNV files to IOS Headers. 
CLEAN was run to add the event number.
Spreadsheet “2017-78-times-positions.xls” was provided by the chief scientist. This contained locations but not water depths. It also contained times but they were incorrect as they were taken from the log entries which were mostly in UTC-14 with some in PDT. Fortunately, times were not needed as they are available in the Sea-Bird headers in PDT.
The spreadsheet was simplified and water depths were added, the format of positions was adjusted and file names were added based on event numbers. The file was saved as 2017-78 merge-hdr.csv.

Program “Merge CSV file to Headers” was used to add the information to the IOS Header files.

10. Checking Headers
The cross-reference check was run and turned up an error in how one cast file had been renamed. That was fixed and no further errors were found.
HEADER CHECK was run. Small negative values are seen in pressure and fluorescence but may be removed by steps to follow.

The times in the headers appear to be in PDT. 
ADDTIME CHANNEL was run to add 7 hours to all header times.

CLIP was used to remove 590 initial records to ensure that data are only kept from after the pumps came on and were able to run for 30s. Plots were made to ensure that too many data were not removed and for cast #110 a rerun was done removing only 500 records. Some bad near-surface data remain but most were removed by this step.
Track plots were produced using event numbers and station names. They were added to the end of this report. 
The surface check shows an average of 0.4db on files before CLIP was applied. The associated salinity values are mostly extremely low.

11. SHIFT 
Conductivity  
For 4 other 2017 cruises using this equipment, there was no setting that improved the conductivity. T-S plots for these data suggest that these data do not need alignment. 
SHIFT was not applied to conductivity.

Dissolved Oxygen

This channel was aligned earlier, but checks were made by examining plots of temperature and dissolved oxygen; there is no evidence that further adjustment is needed.
pH

Tests were run on the alignment of the pH traces with temperature. An advance of 10 or 15 records was found to improve the alignment on other 2017 cruises using this equipment. For this cruise +10 records looked best. SHIFT was run to advance the pH signal by 10 records.
12. DELETE

DELETE was run on all casts using the following parameters: 

Surface Record Removal: Last Press Min.
Surface Swell Pressure Tolerance: 1.0

Swells deleted. Warning message if pressure difference of 2.00

Drop rates < 0.3m/s (calculated over 5 points) was deleted from 10db to 10db above the maximum pressure.
Pressure was not filtered as it had been filtered earlier.
COMMENTS ON WARNINGS: There were no warnings.
13. DETAILED EDITING

Plots show that editing will be needed near the surface. 

All DEL files were copied to *.EDT to ensure there is a complete set of EDT files including files requiring no editing.

.

CTDEDIT was used to remove records near the top and/or bottom of many casts and a few records corrupted by shed wakes. It was also used to clean salinity for some casts.
Editing was applied for all events except for #20, 54, 112, 123 and 130.

Notes of editing details were made in the headers. 

The edited files were copied to *.EDT.
T-S plots were examined. There are a few unstable features but they are small and in areas where such features could be real.
Profile plots showed some slightly negative values of fluorescence in deep water; these look like instrumental noise around near-zero values. No other problems were noted.
14. Other calibration checks
Sensor History – The sensors were used on 4 previous 2017 cruises. There was no calibration sampling during those cruises. There was one inter-ship comparison in June 2017 that suggested that the salinity accuracy was good and that dissolved oxygen was probably reading low.
Comparison of repeat casts –None available. 
Historic Ranges – Local climatology was available for 12 casts. The temperature data were all within the local climatology. Salinity values were low near the top and/or bottom for 3 casts close to shore, areas that may not be well represented in the climatology. 
Post-cruise calibrations – None were available. There was a March 2018 cruise using this equipment which included some deep salinity sampling; a preliminary comparison showed good correspondence between CTD and bottle salinity.
15. Bottle Comparison
There was salinity, nutrient and chlorophyll sampling at a nominal depth of 10m. Stops during upcasts were at about 14 to 15m which is deeper than on the previous cruise, but the Niskin may have been attached higher above the CTD than during 2017-42. A 5m offset is typical of such sampling.
The data from salinity, nutrient and chlorophyll analysts were combined in a spreadsheet.  

CTD data from 10m were extracted from bin-averaged downcast files to a spreadsheet; date, time, water depth, station names and location information were also extracted. 
The CTD salinity and fluorescence data were then compared with bottle salinity and extracted chlorophyll. We don’t expect a great comparison at 10m due to high gradients so that the vertical match between the CTD and bottle observations. Similarly there are temporal variations between the downcast observation of CTD data and the upcast bottle firing. The upcast data are too noisy for a good comparison as the CTD would be just starting up from a stop and carrying deeper water with it.

The CTD salinity was found to be higher than the bottle salinity by a median of 0.077psu but the standard deviation was 0.284psu. We don’t usually expect this much drift in calibration. While this CTD was used a lot during 2017, preliminary result from a March 2018 cruise suggests that the calibration drift was small.
A few explanations for the comparison beyond calibration drift were considered:

· There is no record in the log of the height of the Niskin bottle above the CTD. But 10m is the usual depth requested and the CTD stopped between 13 and 19m, with 15m as the most common, so it is assumed that the Niskin was 5m above the CTD. That is a typical arrangement. Choosing 8m CTD salinity brings the differences down somewhat which might suggest the Niskin was more than 5m above the CTD, but that seems unlikely.
· The depth of bottle stops did vary and in high salinity gradients slight variations in depth will be significant. This explains variability but not the one-sided nature of it.
· The soak times were often shorter than recommended. It is clear that when the pumps first come on the conductivity changes sharply, but small changes continue after that. Those changes appear to be towards lower values more often than higher but real variability makes it hard to judge. It may be that there is a bias towards CTD salinity reading too high during the equilibration period.
· A median difference between CTD and bottles was calculated in groups based on the wait time before starting the downcast. The difference goes down as the soak period increases. This does suggest that the higher salinity values are at least partly due to incomplete equilibration.

	Soak Length
	CTD Sal-Bottle Sal

	12 short soaks median (<1.25min)
	0.1330

	14 medium soaks median
	0.0930

	4 long soaks median (>2min)
	0.0198

	longest soak(event 27-2.5min)
	0.0051


· Upcast CTD data were extracted to see if they provided a better comparison; the median differences were slightly smaller while average differences and standard deviation were larger. We expect to see the CTD data looking lower than bottles during upcasts because Niskin bottles do not flush perfectly, especially when stops for bottles are short as they generally were during this cruise. However, there was quite a bit of vertical motion which helps the Niskin contents to equilibrate and the CTD often overshot the intended depth and then was lowered which would also introduce lower salinity water. The CTD would be rising through disturbed waters at 10m but what effect that is not clear. The CTD itself would drag some deeper water with it while shedding from the Niskin would do the opposite. Examination of CTD profiles shows frequent reversals in salinity at about 10m. This demonstrates why upcast data are not very useful but the question remains about why the CTD salinity is higher than the bottle salinity. 
This comparison provides insufficient information to justify recalibration of the CTD salinity. It may be reading a little high at the surface, but there are too many variables and unknowns to be sure of that. 
An initial examination of an early 2018 cruise with the same equipment and deep sampling suggests that the CTD salinity values are quite accurate at depth.

The comparison of CHL and fluorescence looks reasonable. As usual the ratio FL/CHL is high for low values of chlorophyll then drops quickly to about 1 and somewhat lower for higher CHL values. The fit against CTD data from 8m looks similar though since fluorescence mostly reads a little higher at 8m the FL/CHL ratio is a little higher. We don’t expect the problems with equilibration for this sensor as it is not pumped and does not have a slow time response.  Fluorescence is about 80% of CHL. The fluorometer appears to be working normally.
16. CALIBRATE

There was no dissolved oxygen sampling during this cruise.  
As discussed in the previous section salinity will not be recalibrated.
Dissolved oxygen is likely reading low but there is no information available to say by how much.

The pressure does not need recalibration.
17. Filter

The fluorescence channel was filtered using a median filter, size 5. This removed large spikes but a few negative values remained at depth.
CALIBRATE was run using file 2017-78-recal1.ccf to replace negative fluorescence values with value 0; all other fluorescence values were left unchanged.

18. Bin Average and REMOVE and DO saturation study
The files were bin averaged using 1db bins.
REMOVE was run to remove Scan_Number, Conductivity:Primary, Oxygen:Voltage, Descent Rate and Flag channels.
Dissolved Oxygen was derived in mass units. There is no useful near-surface oxygen, so saturation rates were not examined.  
REORDER was used to get the 2 dissolved oxygen channels together.

19. HEADER EDIT and final checks of CTD files. 

Header Edit was used to fix headers, fix formats and channel names and to add the following note to the headers:
Data Processing Notes:

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

The length of the surface soaks were shorter than recommended with many being 

  less than 75 seconds. This does not allow enough time for equilibration of 

  pumped channels. The soaks were generally at about 5-6m with no return to

  the surface before the full cast was run.

Fluorescence, Dissolved Oxygen and pH:SBE data are nominal and unedited, 

  except that some records were removed in editing temperature and salinity.

Channel Fluorescence:URU:Wetlabs had some very small negative values in deep

  water which were set to 0 using program Calibrate.

There was no deep salinity bottle sampling during this cruise or previous

  cruises using this equipment in 2017. An inter-ship comparison of 2 casts

  from a June 2017 cruise using these sensors with a cast from a cruise that

  did include calibration sampling, suggested that the salinity values from

  this CTD were reasonably accurate. There was near-surface salinity sampling

  during this cruise but the results of a comparison with the CTD data are

  considered unreliable. It did suggest that near-surface CTD salinity may be

  reading high; this may in part be due to incomplete sensor equilibration.

There was no dissolved oxygen sampling during this cruise or previous cruises 

  using this equipment in 2017. An inter-ship comparison of 2 casts

  from a June 2017 cruise using these sensors with a cast from a cruise that

  did include calibration sampling, suggested that dissolved oxygen values were

  likely low by up to 4%. That error is likely to have increased with time.

WARNING: The pH:SBE:Nominal data should be used with caution; no field calibration

  data were available at the time of processing.

  Calibration is required for each cast to get absolute values, although general

  trends within a cast are likely real.

For details on the processing see processing report: 2017-78-Processing_Report.doc.
A cross-reference listing was produced.

A header check was run on the CTD files. No problems were found.
The sensor history was updated.

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

20. Bottle File 

A 6-line header was added to the spreadsheet used for the comparisons. 

The CTD data were updated with the final values.

The files were converted to IOS header format.

CLEAN was run to add 0 flags for any cases with no quality flag and to create a start time. 

Remove was used to remove Time and Date channels.

Header Edit was used to add header comments and to remove END TIME and TIME ZERO which were created during CLEAN are identical to the Start Time.
The final bottles are named 2017-78-****.BOT.
A track plot was run and turned up the fact that longitudes had the wrong hemisphere. That was corrected in the spreadsheet and the final 4 steps were run again.
Data were extracted to a spreadsheet to make sure no data were missed. A few problems were found and the steps from this section were then repeated until all errors were fixed.
Particulars

83 & 85. Two samples of salinity and nutrients were said to be from event 83, but one of them is believed to be from event 85; the station name in the raw data support that. 

85 & 91. Chlorophyll sample identified as #91 is believed to be from #85 since there is no sampling reported for #91 and the sample is missing for #85.  
CRUISE SUMMARY

	Cruise ID#:    2017-78

	Dates:   Start: 27 September 2017                   End: 10 October 2017

	Location: Queen Charlotte Strait

	Party Chief: King J.

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

	1
	SEABIRD
	25
	0404
	No
	Yes


CTD CALIBRATION INFORMATION

ake/Model/Serial#:
SEABIRD/SBE25/0404
Cruise ID#:

2017-78


	Sensor
	Pre-Cruise
	Post Cruise

	Name
	S/N
	Date
	Location
	Date
	Location

	Temperature
	2449
	16Dec2015
	Factory
	
	

	Conductivity
	1764
	23Feb2017
	Factory
	
	

	pH
	0852
	8Mar2017
	Factory
	
	

	ECO Fluorometer
	4185
	7Mar2017
	Factory
	
	

	SBE43 Oxygen
	1176
	2Mar2017
	Factory
	
	

	Pressure
	482
	28Feb2017
	Factory
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