REVISION NOTICE TABLE

	DATE
	DESCRIPTION OF REVISION

	05-Feb-2019
	Bottle spreadsheet converted to searchable BOT files.

	03-Oct-2017
	Corrected MISSION metadata field in header. R.H.


PROCESSING NOTES
Cruise: 2009-41
Agency: PBS, Salmon and Freshwater Ecosystems, Nanaimo, B.C.
Project: High Seas Salmon
Chief Scientist: Morris J., Trudel M.
Platform: Viking Storm
Date: June 16, 2009 – July 6, 2009
Processed by: Germaine Gatien

Date of Processing: 7 October 2009 – 21 November 2009
Number of original CTD casts:  125

Number of casts processed:  125
INSTRUMENT SUMMARY
A SeaBird Model SBE-25 CTD (#0404) was run with pressure sensor #0573. The configuration file includes a fluorometer and transmissometer, but it appears they were not really mounted on the CTD.
SUMMARY OF QUALITY AND CONCERNS
The file names were non-standard and needed to be corrected individually. Positions and water depth were not entered in the headers so had to be added manually.
Transmissivity and fluorescence were logged, but there is no signal and it is believed those sensors were never actually mounted.

There is some uncertainty in time. The headers were 8 hours earlier than the log entries that were said to be in UTC, whereas in summer we expect 7 hours difference. It has been assumed that the log entries are correct since they correspond to more likely shipboard work hours and because problems with computer time occur frequently on these cruises.

There were many salinity samples from about 10.5m, but no deep sampling. Stops for firing the Niskin were very short, the mixed layer was quite shallow and the CTD moved a lot during sampling, so the comparison between CTD and bottles is not very useful for assessing the salinity calibration, though it looks as though it is within ±0.005. CTD data are included in a file with bottle samples, since the temperature may be useful to those looking at the samples, but they should be considered to have only a rough correspondence to those samples. Choosing a level from which to select the CTD data is subject to many errors and the quality of the estimate will vary greatly.  
It is best to stop for 30s before closing the Niskin bottle, but if that is impractical, it would help to decelerate more gradually and, as far as possible, in a similar way for each cast. Then a more reliable comparison could be done between the CTD and bottle samples. The distance between the CTD and the Niskin bottle should also be noted in the log book.
PROCESSING SUMMARY
1. Seasave - This step was completed at sea; the raw data files have extension HEX. The names were not in standard format.
2. Preliminary Steps
A spreadsheet was available with positions, file names and times as well as a Daily Log Book. There were no HEX files for two stations listed in the spreadsheet, at station V113 (67) and QC101 (215). There is nutrient data so the casts were certainly done. The log notes that the CTD was left running between 65 and 67 so that both casts would be in one file, but Hugh Maclean reports that would not have worked – the CTD would not have operated properly on the 2nd of those casts without a shut-down, and so data would not have been acquired for cast #67. For cast #215 there is a note in the log that no data were acquired.
The cruise summary sheet was completed. 
3. Conversion of Raw Data
Two configuration files used at sea were obtained. One contained transmissivity and fluorescence channels, while the other did not. File 2009-41-ctd.con was prepared using the one with the extra channels. No errors were found in the calibration parameters. 

The data were converted using 2009-41-ctd.con and then the names were changed to standard format. 
Profiles were plotted for a few casts, and it appears that there is no signal from the external sensors, so those channels will be removed later. 

Temperature and conductivity look fine. 
The pressure signal is not smooth, having steps of about 0.2db as is usual for this model CTD; the manufacturer states the resolution is 1db. In a few casts with fairly steady descent rates, there are some small reversals in pressure.
The descent rate generally looks very noisy for some offshore casts with some complete reversals in direction, but for others it is quite steady. The downcast descent rate tends to be higher than the upcast. The CTD was stopped at about the 10 or 11db level during the upcasts. It is assumed that the Niskin bottle was mounted a short distance above that. 
4. WILDEDIT

No spikes were noted in the data, but not all casts have been examined, so WILDEDIT was run on all casts on pressure, temperature and conductivity channels using 2, 20, 25, 0 for “Standard deviations for pass 1” and “Standard deviations for pass 2”, scans per block and “Keep data within this distance of the mean”. 
5. WFILTER

Based on the results of many other cruises using this equipment, the SeaSoft routine WFILTER was run for all casts to apply a cosine filter, size 5, to the pressure, temperature and conductivity. This removes the steps caused by the limitations of the pressure sensor. A few casts were examined before and after and the results look good. There remain a few very small reversals but the steps are gone.
6. CELLTM
Tests were run using a variety of setting for CELLTM. The best results in the past have been with (α = 0.03, 1/β = 9.0) but for this data a better choice proved to be (0.04/9.0), though many choices were similar.
CELLTM was run on all casts using α = 0.04, 1/β = 9.0.
7. DERIVE

Program DERIVE was run to calculate salinity.
8.  Conversion to IOS Headers
The IOSSHELL routine was used to convert Sea-Bird ASCII data to IOS Headers. 
There were two casts in file 2009-10-0169 because the syringe was left on for the first; the CTD was returned to the surface, the syringe removed and another cast run. A text editor was used to remove the files from the first section so only the 2nd will be processed.

A number of items are missing from the headers – positions and water depth. 
HEADER EDIT was used to add the missing lines to the headers, and a text editor was used to enter the latitude and longitude and water depth based on the log book entries. Event numbers were added for some casts.
A cross-reference list was produced and compared to the spreadsheet of positions HS20091041 CTD Log.xls. The times are all off by 8 hours. A few discrepancies in positions were found. Some were corrected in the HDR files, but in one case the log spreadsheet is clearly wrong, one discrepancy is small and the log entry is not completely clear and in another the log spreadsheet has the end position for the cast, but the HDR files have the start position. The start position is the usual one chosen since the downcast will be archived.
The track plot looks fine. It was added to the end of this report.
Water depths and station names were exported to a spreadsheet and checked against the log and one error was found and corrected.
9. Checking Headers

Header Check was run and no problems found.
The log indicates that times are in UTC as does the log spreadsheet. The header times are 8 hours earlier which is surprising given that it was June and hence Daylight Savings Time. Based on header times all activities are between 0500 and 1630, except that near the end, when there were no trawls, there were a few CTD and Bongo casts after 1630. Usually on High Seas cruises work is done between 0700 and 1900 local time, but this was a charter ship, so this may not have been the case. If the computer clock is on Standard Time and the crew were observing Daylight Time, then work would have been from 0600 to 1730 which seems believable. This would also explain the 8 hours difference from UTC. Computer clocks are often wrong. So while it is possible that the error was in the calculation of UTC times, the header times are hard to believe, so it will be assumed that it is the computer clock that is wrong. 
Add Time Channel was used to add 8 hours to all header times.

A cross-reference list was produced and no problems were found.
The Surface Check produces an average of -0.2db but the very low salinity values show that the CTD started out of water or the pumps were not yet operating. Fluorescence and transmissivity are not available to help make this judgment. Examination of a few casts turns up some data that looks out of the water at -0.1db while others have in-water values at -0.2db. But 0.2db is at the resolution of this instrument, so this is probably not significant. No recalibration will be applied.
The mixed-layer depth calculation was used to find the casts most likely to provide good comparison of CTD and bottle samples. Unfortunately there were few well mixed to 12m and those tended to have very noisy descent rates. Casts 145, 205, 209 and 211 have little salinity variation between 4m and 13m. Casts #3-11 and #338 are not so well mixed but have fairly steady descent rates, so may be useful.
10. SHIFT
Conductivity

On previous cruises using this type of CTD good results were found when SHIFT was run to advance the conductivity by +0.7 or +1 records, but this particular sensor was used for 2009-14 for which a setting of +0.5s looked best. Tests were run on 2 casts with fairly steady descent rates using settings from -1 to +1 records, and the best results were again found to be from +0.5s. 
SHIFT was run on all casts advancing the conductivity by +.5 records.

11. Bottle Data

The nutrient and CHL data were delivered in file HS2009-41 Nuts&Chl-aOct18 2009.xls. This spreadsheet was simplified and flag columns added for each of the nutrients and chlorophyll. Flags were added based on the analyst’s remarks and comments were adjusted to the usual format. For one chlorophyll sample there was a note that the label on the vial said 86 whereas the spreadsheet indicated that it was sample #85. A check of the log book shows that the vial was correct, so the sample number was changed to 86 and the comment removed. For event #338 there were salinity and nutrient samples but no CHL, so an “i” was entered in the CHL flag channel as the log does suggest that the usual sampling was intended. The file was saved as HS2009-41-nut-chl.csv.
The salinity data were delivered in spreadsheet 2009-41 HSS.xls. The spreadsheet was simplified, and flags and comments added based on comments on the Autosal Analysis log sheets and evidence of instability in the readings. The data were reordered on sample number and the file was saved as 2009-41 HSS-salinity.csv. 
The next step is to obtain appropriate CTD temperature and salinity data from the bottle firing levels to be added to this spreadsheet. The shallow mixed layer and the noisy CTD ascent rate mean that insufficient confidence can be put in the comparison between bottles and CTD salinity to enable recalibration of the CTD salinity, but a rough assessment can be made about calibration drift. 
There is no measurement of the distance between the CTD and Niskin bottle for the Viking Storm, but the bottle is believed to have been close to the CTD, so an estimate of 0.5m was made. Plots were made to see the depth at which the CTD stopped on the upcast and all were between 10 and 11.5m. So 10.5m will be used as the estimated firing level. The rough estimate and variability from cast to cast mean that any comparisons will be extremely rough. The stops were short so there could be shed wake problems as well. All casts were put through REVERSE and then thinned to between 10 and 11m. That data was then averaged. The averaged CTD data from those files were exported to a spreadsheet.
The differences between the CTD salinity and bottle salinity are very noisy. When all the bottles are included the CTD is high by an average of 0.07 but the standard deviation is 0.15. The median indicates that the CTD is high by 0.02. A plot of differences against event number shows one period with little noise between casts #205 and #287. During that period (excluding one flagged bottle) the CTD salinity is low by an average of 0.0023 with a standard deviation of 0.01 and the median shows it to be low by 0.0026. A plot of differences against descent rate shows that the CTD tends to be high compared to the bottles where the average ascent rate is >0.25m/s, presumably because when the CTD passes through the firing level it is carrying deeper water with it. With slow acceleration perhaps that effect is less pronounced. A plot of differences against standard deviation in the CTD salinity shows the differences are low when the salinity doesn’t vary much, presumably in areas of lower salinity gradient where the exact match of firing depth is not critical.
Conclusions to be drawn from this are that the CTD salinity is probably good to within ±0.005 and that the CTD temperature and salinity in the spreadsheet are only rough guides as to the conditions associated with the bottle samples.
There are a number of errors in this study, some of which are random and should be minimized by averaging, such as poor estimates of the exact depth of bottle firing. However, if the estimate of the offset between CTD and Niskin bottle is poor, that will be a systematic error, as will the results of not waiting long enough before firing. This evidence is too weak to justify recalibration, but does suggest that the CTD is good to ±0.005. The best way to minimize such errors is to wait 30s before firing, but if that is not practical, then a slower deceleration to the stop would help. Recording the distance between the CTD and Niskin would help too.
The salinity, nutrient and extracted chlorophyll data were added to the 10.5m CTD data and their comments were merged. Blanks were entered for the CTD data for the 2 casts with bottle sampling but no CTD data. This file was saved as HS2009-41_bottle_CTD_summary.xls.
11. DELETE

The shifted files were put through DELETE using the following parameters: 

Surface Record Removal: Last Press Min

Maximum Surface Pressure (relative): 10.00    
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 
Sample interval taken from the header.  Pressure was not filtered.

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

An initial examination of the data shows that most of the data in top 1 to 2db will have to be removed in editing. So, CLIP was run to remove data from the top 1db. This will simplify editing slightly without significant loss of data; more data will need to be removed from the surface area of most casts, but removing more with CLIP might remove useful data. 
Page plots were examined on-screen and examined for spikes and instabilities and used to guide the use of CTDEDIT.  After editing all T-S plots were examined for all casts and a little more editing was applied to 2 casts. A few others have unstable features, but it is not clear what sort of editing would help or be justified, so no further editing was applied.
All casts required some editing except for event #11. 

Note was made of the editing details in the files. 

(Note that some files for casts #2-65 were accidentally deleted, so steps 8 through 12 were rerun and CLEAN was run after HEADEDIT for those casts to add event numbers.)
13. Fluorescence Filter

Since there is no fluorescence signal, no filtering was done.
14. Other calibration information
Sensor History  
The conductivity sensor has been used for 3 other cruises since it was last recalibrated. The CTD salinity was found to be low by from 0.002 to 0.005, but the salinometer was later found to have been reading high with results worst at lower salinity values. Since the High Seas Salmon cruises sample surface waters with relatively low salinity values the results of the comparisons are not trusted.
The pressure sensor has been used for 4 other cruises and was found to be close, though possibly very slightly low.
Historic ranges 
There were excursions from the historic ranges. Near-surface temperatures were a little high in Juan de Fuca Strait and off the coast of southern Vancouver Island. These excursions are slight and probably reflect the limitations of the range files which contain no data from the past 12 years. In the northern part of the cruise the temperatures are occasionally lower than the historic minima. Most of these cases come from near-shore casts which may not be well represented in the range files. In any case the excursions are not systematic, so do not give any clear indication of sensor drift. The salinity was a little high at the bottom of cast #7, but for all other casts was within the historic ranges.
15. Recalibration
As explained in section 11, CTD salinity will not be recalibrated, but when the sensor is next recalibrated, this decision could be revisited.
16. BIN AVERAGE
The following Bin Average values were applied to the FIL files:

Bin channel = pressure 

Averaging interval = 1db

Minimum bin value =   .000
Average value will be used

Interpolated values are NOT used for empty bins.
17. REMOVE
The following channels were removed from all casts: Scan_number; Conductivity:Primary, Transmissivity, Fluorescence, Descent Rate and Flag.  

Plots were examined on-screen to see if there were any further problems and none were found. 
18. HEADER EDIT
Header Edit was used to fix formats and channel names and to add the following comment:

Salinity has not been recalibrated.

            Comparison with bottles suggest salinity is good to +/- 0.005 except in areas of high gradient
             where errors are likely to be higher. 

Standards Check was run and no significant problems were found.
19. Producing final files
a.) The final files were renamed CTD.

b.) A cross-reference listing was produced.
c.) The conductivity and pressure sensor history files were updated.
Particulars including relevant notes from log book
67. CTD left on after previous cast. Operator expected 2 casts to be in single file, but no data acquired for 67.
169. Syringe left on so 2nd cast run – both in a single file. Use second part.
187/190 – battery left on between casts, but replaced before 190 so there are 2 separate casts.

215. No CTD data because switch on CTD not turned on.

287/289 – battery left on – both in one file? There are 2 hex files – perhaps fixed after acquisition.

Institute of Ocean Sciences
  CRUISE SUMMARY

	Cruise ID#:    2009-41

	Dates:   Start: 16 June 2009                   End: 6 July 2009

	Location: BC Coast

	Vessel:  Viking Storm

	Party Chief: Morris J., Trudel M.


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

	1
	SEABIRD
	25
	0404
	No
	Yes



	
Calibration Information

	Sensor
	Pre-Cruise
	Post Cruise

	Name
	S/N
	Date
	Location
	Date
	Location

	Pressure
	0573
	22May06
	Factory
	
	

	Temperature
	2374
	17Jan08
	Factory
	
	

	Conductivity
	1764
	15Jan08
	Factory
	
	

	Seapoint Fluorometer
	2845
	n/a
	n/a
	
	

	Transmissometer
	498DR
	3Oct07
	IOS
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