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Cruise: 2021-048




Agency: Ecosystem Sciences Division (ESD)
Location: Strait of Georgia
Project: SOG Juvenile Salmon
Party Chief: Neville C.
Platform: Sir John Franklin
Date:  16 June 2021 – 4 July 2021
Processed by: Germaine Gatien

Date of Processing: 24 February 2022 – 9 March 2022
Number of original HEX files:  37  
Number of CTD files:  37
INSTRUMENT SUMMARY
An SBE911+ CTD #0506 was mounted in a rosette and attached were an SBE 43 DO sensor (#1119), a  SeaPoint Fluorometer (#3982), a WetLabs ECO Fluorometer (#2215) and an altimeter (#76341).  

Seasave version 7.26.7.121 was used for acquisition.

The data logging computer was Water Properties #103.

The deck unit was a Seabird model 11+. 

SUMMARY OF QUALITY AND CONCERNS
The Daily Science Log was in good order with helpful comments.
There was no salinity calibration sampling and no useful calibration history from previous cruises. 

The 2 salinity channels differed by ~0.006psu. Information from a cruise 6 months later suggests that the primary was close to bottles while the secondary was lower. Incomplete flushing of Niskin bottles is expected in this region, so the bottle salinity is likely higher than ambient conditions. So the secondary salinity was probably closer to bottle values than it appeared. No recalibration was applied to salinity. 

Accuracy is estimated to be +/- 0.005psu.

There was no dissolved oxygen sampling. Surface saturation values look reasonable, but great variability is expected in this region and time of year, so this provides no evidence of how accurate the values are. Based on the usual performance of this type of sensor, values are likely to be low, by 2% to 4%. 

There was some evidence that pressure might be reading high by about 1.5db from this cruise, another Franklin cruise and a lab test at IOS. However, there is a good deal of evidence that pressure was accurate during a Vector cruise in December 2021 using the same sensor; that evidence came from observations when the CTD was in water and when it moved through the sea surface at the beginning and end of casts.   
There is evidence that either the sounder or the altimeter or both were not well calibrated. The altimeter has been used for other cruises before and after this one on two other ships (Vector and Tully) with no evidence of significant errors. The problem is more likely with the sounder; it may not have been set to local speed of sound.

PROCESSING SUMMARY

GENERAL

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

2. Preliminary Steps

· The Log Book was obtained.
· The cruise summary sheet was completed.
· The history of the pressure sensor, conductivity and dissolved oxygen sensors were checked; the sensors were used on cruise 2021-017 which preceded this cruise and 3 others after this one. The only cruise with any calibration sampling was the final cruise in December 2021, when 5 salinity samples were taken. The data from that cruise have not yet been fully processed but a preliminary assessment shows the primary salinity was higher than the secondary by ~0.006psu and closer to bottles, but even slight inefficiency in flushing of Niskin bottles could reverse that judgment. 
· The calibration control file was obtained and the parameters were checked; all were correct.
3. Conversion of Full Files from Raw Data

There were problems experienced at sea with NMEA download a few variations of the con file were tried to see if this could be resolved but it could not.

The calibration control file used at sea was saved as 2021-044-ctd.xmlcon.
All files were converted using that configuration. 

The Tau function was selected; the hysteresis function was not selected as there was no deep sampling. 

A few casts were examined.

· All expected channels are present.
· For event #1 the ECO fluorometer channel should be removed as there was no signal. 
· The ECO fluorometer had deep values of 0.5ug/L; this would be high offshore, but may not be in this area. In June 2019 deep values in the same general area were ~0.3ug/L and even the deepest parts of the Strait of Georgia do not reach truly “dark values”. Given the variability in this area no offset will be applied.
· For all events the SeaPoint fluorometer should be removed as it malfunctioned.

· T and C pairs track well and up and downcasts are reasonably close.
· The descent rate of the CTD was very steady and high.

NMEA data are missing for events 4 and 40 to 73. Those data will be entered after conversion to IOS Header format based on the log entries.

4. 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.

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 DO sensors. That setting was also used for 2018-01 which followed this cruise. 

ALIGNCTD was run on all casts using +2.5s.

6. CELLTM

CELLTM was run using the default setting (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.
Checks were made to see if the ALIGN and CELLTM steps worked well and they did.
The differences between the channel pairs was examined for a few of the deeper casts. The shaded entries below includes results from cruises before and after 2021-048: 
	Cast #
	Press
	T1-T0 
	C1-C0
	S1-S0
	Descent Rate

	2020-017-0005
	900
	-0.0006
	-0.00025
	-0.003
	High, Noisy

	2020-017-0012
	1030
	-0.0006
	-0.00025
	-0.003
	High, Moderate

	2021-048-0001
	230
	~0
	-0.00035
	-0.0067
	High, Steady

	2021-048-0019
	230
	-0.0004
	-0.00050
	-0.0045
	High, Steady

	2021-048-0106
	230
	-0.0005
	-0.00055
	-0.0055
	High, Steady

	2021-018-0047
	235
	-0.0004
	-0.00060
	-0.0062
	High, X Noisy

	2021-018-0071
	280
	-0.0002
	-0.00065
	-0.0067
	High, Steady

	2021-018-0120
	220
	-0.0005
	-0.00068
	-0.0067
	Mod, Steady


There was little change in temperature differences. Conductivity differences suggest a gradual drift in one or both sensors. This resulted in increased salinity differences.
8. Conversion to IOS Header Format

The IOSSHELL routine was used to convert SEA-Bird 911+ CNV files to IOS Headers. 
Position data are missing from some files because the NMEA download didn’t happen. Entries were found from the logs and entered using a text editor.

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 header check was run and the location of the cruise was incorrect. This will be fixed in the final steps. There were some bad values that were checked and found to be from surface spikes, or from a cast where a sensor malfunctioned. No corrections are needed at this point.  
A cross-reference list was checked against the log book. The only problem found was that the station name for event #19 included a note about having been edited. That was removed.
Cruise track plots were added to the end of this report. (Event #s and Station Names)
The altimetry header information was exported to a spreadsheet along with water depths and maximum depth sampled.  
· In 15 cases the CTD did not get within 15m of the bottom so no header entry was created. 
· For event #49 the altimetry indicated that the CTD was never closer to the bottom than 16m and the maximum depth sampled was 247m. So the water depth is believed to wrong in the headers; there may have been some shoaling during the cast, but the depth when the CTD was near bottom is considered most important to know. The header entry was changed from 254 to 263m.
· For the other casts the differences between calculated depth based on maximum water depth sampled plus (altimetry-1) at the bottom (-1m since it is averaged over 2m) with the log entry for depth that presumably came from the sounder. There is a consistent difference that decreases with depth. This could arise from an error in either the altimeter or the sounder. 
· Altimeter #76341 has been used on the Vector before and after this cruise and on the Tully on 2 cruises after this one. On none of them has a suspicion arisen about the altimeter. Most suspect cases for those cruises had the log entries for water depth differing from the value entered in the headers. When the log depths were used the “check values” were within the expected range, so the altimeter / sounder combination appears to have been reliable. 
· Log depths were checked against headers for this cruise and many differences were found. It was helpful that many depths were recorded when the CTD was at the bottom. When the same “check value” was calculated using the log entries, good results were achieved in 3 of the deeper casts and 3 others were improved but still not great and 4 were worse. 

· The differences are not large but raise the likelihood that the sounder is not well calibrated for conditions in the Strait of Georgia. Errors appear to range from ~1% at 300m to ~5% at 150m with water depth values reading low. If this trend is consistent, then errors in shallow water could be very large. It could be the problem is with the altimeter, but that is less likely since it performed well during other recent cruises.

· Water depth entries were corrected in the headers that differed from log entries by more than 2m and improved the check value: 4, 5, 9, 15, 57, 118.
The surface check showed an average of 3.3db and a minimum pressure of 2.7db. These values are from after the 10m soak. They seem a little higher than usual for this area but we have no experience with CTD data from this ship. 
There are 4 other sources of information concerning pressure for this CTD.

· From this cruise there were many readings taken when the CTD was on deck before and after the cast. For the 11 casts where both were available the median pressure before the cast was 2.4db (standard deviation 0.2db) and after the cast it was 1.4db (standard deviation 0.09db.) 

· From the very short 2021-033 cruise on the Franklin (2 casts only), there were reports of pressure reading too high with pre-cast values from 2 to 3db. When the CTD was just fully immersed it read 3db when ≤1.5db was expected. When it was believed to be at 10db judging by the LARS cable out reading, pressure was 14db. 
· From 2021-078 in December on the Vector, acquisition began early, included the 10m soak and sometimes included out-of-water values, so we can judge pressure at the beginning and end of the casts and pressure looked very good for both. Pumps were turned on and off at about 0.1 to 0.5db and the data look appropriate for being in water; it would be most unusual to turn pumps on and off out of water. If anything these data might indicate pressure was reading low, not high. 
· For example, during cast #28 the transmissivity indicates that the CTD was likely out of water when pressure read 0.06db and dropped suddenly at about 0.10db.Temperature rose sharply and DO fell sharply at the same level, though pumps were not on, so the DO values are not reliable but do indicate a change of environment. After the 10m soak the CTD was raised to 0.4db and all values indicate it was in water, but close to the surface. The CTD did the full cast and then returned to the surface where pumps were turned of at 0.5db. All values show it was near the surface but in water. The CTD was then raised again and when pressure was about 0.1db the transmissivity shows it was in air. So, pressure looks very accurate at both the beginning and end of the cast. For several other casts the upcast data suggests the surface was at about 0.3db or 0.4db.  It is common to see noisy and sometimes low transmissivity near the surface of casts which is thought to be due to surface slicks; for this cruise that is seen in many of the casts at about 0.4db. So there is some variability but no suggestion of an error >0.5db. 
· There is no evidence of  hysteresis through casts, only small variability among casts.
· The pressure sensor had been to the factory in early 2021 and while they do not do a complete check of pressure parameters, they do update the offset..

· In February 2022 a lab measurement at IOS gave a pressure of 1.25db.

It is hard to understand the variations. The deck measurements and the readings from the lab at IOS suggest pressure readings are high by something like 1.5db. Most of the 2021-033 observations suggest a similar error, same though the reading of 14db when wire out was 10m indicates a much larger error. The latter could be due to a calibration error in the “wire out” meter as this was a new ship and some settings might not have been fine-tuned. The best evidence available comes from 2021-078 and indicates errors are <0.5db. Why the “out of water” tests indicate otherwise is unknown. Non-linear drift in pressure seems unlikely. Perhaps having the cable under tension is relevant or the very high temperatures in the room where the CTD was stored on the Franklin somehow affected the sensor. Whatever the explanation, the most reliable result is from 2021-078 and no recalibration is justified. 
10. Shift
Fluorescence

SHIFT was not run on the SBE fluorescence channel because the data were bad. The ECO fluorometer was not pumped, so does not need alignment. 
Dissolved Oxygen 

The Dissolved Oxygen voltage channel was aligned earlier. No further alignment is needed for the DO concentration channel,
Conductivity
Tests were run on the a few casts to determine the best setting to align conductivity and temperature by judging the effect on salinity as seen in T-S space. SHIFT was run twice on all casts using -0.8 records for both the primary conductivity and the secondary. Salinity was recalculated for both channels. 
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

Previous experience with these sensors – 

Since the previous factory calibration temperature, conductivity and dissolved oxygen sensors had been used only during 2021-017 during which there was no calibration sampling. Salinity differences were ~0.003psu. It was also used for cruise 2021-018 which was after this cruise but it also had no calibration sampling. Salinity differences were ~0.006psu. There were 5 salinity samples taken during 2021-078 so preliminary processing was done; the primary salinity was higher than the secondary by ~0.006psu The primary salinity was closer to bottle values but even slight inefficiency in flushing of Niskin bottles would suggest that the secondary is really closer to the bottles. 
Historic ranges – Profile plots were made with 3-standard deviation climatology ranges of T and S superimposed; there was no climatology available for a few casts. All Temperature data fell within the climatology. Salinity was above the climatological maximum below 200m at one cast (SO1) and below the climatological minimum in the top 10m at some casts in the central Strait of Georgia. Such excursions in surface salinity are often seen in this area. The climatology is not one recommended for near-shore areas and it does not capture the frequent low salinity surface waters seen in recent years. There is no evidence of calibration drift.
Repeat Casts – There were no repeat casts and near-by casts were too shallow to provide a useful comparison, especially as local variability was very high.
Post-Cruise Calibration – There were no post-cruise calibrations available. 

13. DETAILED EDITING
The secondary T-S pair were chosen for editing and eventual archiving because they were slightly less noisy in T-S plots. 
All DEL files were copied to *.EDT.

Note that cast #25 did not start downcast until 7.3db.

CTDEDIT was used to remove records from a few casts that appeared to be corrupted by shed wakes or ship effects, mostly near the top and bottom of casts. Salinity was cleaned to remove spikes that appear to be due to small misalignment or instrumental noise. 33 of 37 casts required light editing and 4 required no editing.
The edited files were copied to *.EDT.
After editing T-S plots were examined for all casts. There remain some small unstable features but this is expected in this region; they may reflect real conditions, so no further editing was applied.
14. Recalibration
There was no calibration sampling.

There is no calibration history available from other cruises since the last factory service.

Cruise 2021-078 in December 2021 did include a little salinity sampling. The data have not been processed, but a preliminary examination suggests that the primary salinity is lower than bottle salinity by 0.0005psu and the secondary low by about 0.0065psu. However, in quiet waters we expect poor flushing of Niskin bottles, so the samples are probably reading higher than ambient salinity. Two casts were checked and the salinity difference over 10m at 200m was 0.006 and 0.011psu. Having water in a Niskin coming from 10m lower is believable in inlets and it could come from even lower than that. So it is likely that the primary salinity channel is actually reading higher than ambient conditions and the secondary closer than it appears. There is insufficient evidence to justify recalibration.
There is no dissolved oxygen sampling available for any of the 2021 cruises using this sensor. Calibration usually drifts low. A study of surface saturation was inconclusive showing both low values in narrow channels where tidal mixing is likely to be great, and high values in other casts, as expected in June/July in this region. From 2021-018 there were similar results when no recalibration was applied.
15. Fluorescence Processing
No filter was run since the SBE Fluorescence channel will be removed.
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. 
Profile plots were examined to see if there any problems. No problems were noted.
17. Final CTD File Steps (REMOVE and HEADEDIT)
· For all casts REMOVE was run to remove the following channels:

Scan_Number, Temperature:Primary, Conductivity:Primary, Fluorescence:URU:Seapoint, Oxygen:Voltage:SBE, Descent_Rate, Status:Pump, Altimeter, Salinity:T0:C0 and Flag.
For event #1 channel Fluorescence:URU:Wetlabs:ECO-AFL was also removed.

· A second SBE DO channel (with umol/kg units) was added. 
· Surface DO saturation was calculated and ranged from 75% to 125% with the majority of casts reading >100%.

· REORDER was run to arrange the 2 DO channels together.

· HEADER EDIT was used to fix formats and channel names and to add comments to the headers.
· 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 and no problems were found. 
· The sensor history was updated. 

Particulars
4. NMEA feed not working.
19. HEX/HDR files corrected from S0X to S06.

25. Acquisition did not start until 7.3db of the downcast. HEX/HDR files corrected with prefix S0 added.

40. No NMEA.

65. Acquisition did not start until 7.1db of the downcast.

73. Pressure post-soak 2.351
97. Pressure post-soak 2.121

100. Pressure pre-soak/post-soak 2.350/1.439
106. Pressure pre-soak/post-soak 2.509/1.389

118. Pressure pre-soak/post-soak 2.283/1.427

130. Pressure pre-soak/post-soak 1.785/1.258

136. Pressure pre-soak/post-soak 2.386/1.197

146. Pressure pre-soak/post-soak 2.384/1.331

152. Pressure pre-soak/post-soak 2.469/1.419

158. Pressure pre-soak/post-soak 2.525/1.365

167. Pressure pre-soak/post-soak 2.385/1.383

170. Pressure pre-soak/post-soak 2.440/1.403

174. Pressure pre-soak/post-soak 2.324/1.546

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

	1
	SEABIRD
	911+
	0506
	Yes
	Yes

	Sensor
	Pre-Cruise
	Post Cruise

	Name
	S/N
	Date
	Location
	Date
	Location

	Temperature


	2374
	03Feb2021
	Factory
	
	

	Conductivity
	3184
	03Mar2021
	Factory


	
	

	Secondary Temp.


	
4883
	04Feb2021
	Factory


	
	

	Secondary Cond.


	4395
	03Mar2021
	Factory


	
	

	SBE 43 DO sensor
	1119
	5Feb2021
	Factory
	
	

	SeaPoint Fluor.
	3982
	
	
	
	

	WetLabs ECO Fluor.
	2215
	27Nov2018
	Factory
	
	

	Pressure Sensor
	0506
	29Jan2021
	Factory
	
	

	Altimeter
	75321
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