REVISION NOTICE TABLE

	DATE
	DESCRIPTION OF REVISION

	
	

	5 Feb. 2019
	Bottle spreadsheet converted to searchable BOT files.


PROCESSING NOTES
Cruise: 2007-42
Agency: PBS, Salmon and Freshwater Ecosystems, Nanaimo, BC
Location: North-East Pacific
Project: High Seas Salmon
Party Chief: Trudel M.
Platform: W.E. Ricker
Date: June 19, 2007 – July 7, 2007
Processed by: Germaine Gatien

Date of Processing: August 31, 2007 – Sept 25, 2007
Number of original CTD casts: 110 (1 aborted) 
Number of CTD casts processed: 109
INSTRUMENT SUMMARY
A SeaBird Model SBE 911+ CTD (#0506) was mounted with a Seapoint Fluorometer (#2229) on the primary pump with a 10X cable. The deck unit was a model 911 (#0471). The data logging computer was PACOSAPFS03. The salinometer used was a model 8400B Autosal.
SUMMARY OF QUALITY AND CONCERNS
There was only one deep salinity calibration sample. There were many samples from ~10m, 21 of which were in well-mixed waters. As has been noted before, the deep bottle produces results that do not agree with the samples from well-mixed surface waters. One explanation is that there may be a slow leak in the Niskin bottle or some other equipment problem that only affects deep sampling. Hugh Maclean has been advised of this and will replace some rubber tubing before the next use. When these sensors are next calibrated it may be clear what the problem is.
The dark value of the CTD fluorescence is ~0.25mg/m3 which is quite high. In March 2007 it was ~0.13.

There were no loop samples and no intake thermistor. Recalibration of the thermosalinograph data was based on CTD data from near the level of the TSG intake for casts with well-mixed surface waters.
PROCESSING SUMMARY
1. Seasave
This step was completed at sea; the raw data files have extension DAT.

2. Preliminary Steps

The Log Book was obtained and a few problems were noted including a few errors in station names or event numbers and NMEA time being unavailable for some casts. There is a note saying that the computer times are out by one hour for casts 4-28. These are the times found in the files as “System Upload Time” which are used in the headers when NMEA time is unavailable. Since the log book and files agree, time is assumed to be wrong in both. For at least one of the suspect casts the time in the log book has been changed from the original entry, but that might have been for another reason. Judging by when work started on June 21 (cast #22) it does look like the log time is 1 hour later than it should be. Typically work starts at 14:00 UTC for days after that, but at 15:02 on June 21.
According to the log there were deep salinity calibration samples from 500m for casts #266 and 291, but cast #291 is only 186m deep and there was no deep sample.
The bottle salinity, nutrient and chlorophyll data were obtained in spreadsheet format. 
The cruise summary sheet was completed. The histories of the conductivity and pressure sensors were obtained as well as that of the thermosalinograph conductivity and temperature. 
Calibration constants were checked. The only error was in the transmissometer co-ordinates; the ones given are those for transmissometer 1005DR. Assuming that the serial number is correct as given in both the log book and the configuration file, the co-ordinates were changed to the ones for 498DR and the con file was saved as 2007-42-ctd.con.
 3. Conversion of Raw Data

All data were converted using the con file given above. The first cast could not be converted, the DAT file size is 0 and the log notes that the cast was aborted.
A few casts were examined and all expected channels are present and look reasonable. It is assumed that sampling was done by a Niskin bottle mounted 5m above the CTD as usual. Examination of the CTD data makes it clear that the CTD was stopped for surface sampling at 13 - 16m, so the bottles will be from 8 to 11m. Unfortunately the salinity gradient is fairly high for most of the casts at those depths. There was 1 deep bottle at cast #266.  
4. WILDEDIT

Program WILDEDIT was used to remove spikes from the pressure, temperature and conductivity channels only.  Parameters used were: 
Pass 1    Std Dev = 2 
Pass 2    Std Dev = 5 
Points per block = 50

5. CELLTM

Tests were run on 4 casts using a variety of settings for CELLTM to determine the best choice of parameters. The best choice varied for different depths and casts, but the best choice overall in areas of high temperature gradient was (0.02, 7). For the secondary the choice of (0.03, 9) was clearly best. CELLTM was run using (0.02, 7) for the primary and (0.03, 9) for the secondary conductivity for all casts.
6. DERIVE

Program DERIVE was run twice: 


on all casts to calculate primary and secondary salinity.


on all casts to calculate the differences between primary and secondary channels for temperature, conductivity and salinity. These were placed in a test directory and will not be archived.
7. Test Plots and Channel Check

Four casts were selected that sampled to at least 250m and had descent rates that were not terribly noisy and plots were made to check for agreement between the pairs of T and C sensors. The following values are rough estimates from downcast data:
	Cast #
	 Press
	T1-T0 
	C1-C0
	S1-S0
	Descent Rate

	61
	250
	-0.0004 noisy
	-0.0008
	-0.009
	High, noisy

	165
	250
	-0.0005 noisy
	-0.001
	-0.011
	High, fairly steady

	257
	250
	+0.001 noisy
	-0.001
	-0.0116
	High, noisy

	266
	250
	~0 very noisy
	-0.001
	-0.011
	Moderate, steady

	266
	500
	~0 very noisy
	-0.0008
	-0.009
	Moderate, very noisy


The differences in conductivity and salinity are higher than usual. When used during 2007-09 the differences were much smaller with salinity differences ~0.004. The salinity differences look pressure-dependent in the one deep cast (#266). A quick examination of the data suggests that the secondary sensors produce a much noisier T-S plot.
8. Conversion to IOS Headers

The IOSSHELL routine was used to convert SEA-Bird 911+ CNV files to IOS Headers. The headers of casts #4-28 were edited to add latitude and longitude based on the log book readings and time was fixed by subtracting 1 hour.
CLEAN was run to add event numbers and to replace pad values in the Pressure channel using linear interpolation based on scan number.

9. Checking Headers

The header check was run and an error in latitude was found from the speed check; this was fixed using a text editor; the check was rerun and no further errors were found.
The header summary was run and a few errors were found and fixed: station name for cast #245; file name cast #115 should be 114.
The track plots (using event #s and station names) were produced and added to the end of this report.
The average surface pressure is 2.5db which is a little lower than usual for the Ricker. One cast was examined that had surface pressures ~0.4db during the upcast with the pumps running, and the salinity at that level was bouncing between 31 and 2 units as would be expected. For another cast there were negative pressures with “in-water” salinity values but the pumps were not running. The pressures are presumed to be reasonably accurate though it may soon be time to reduce the offset slightly as there is reason to expect drift with time. Note was made of this in the history file.  
10. SHIFT

Conductivity
Tests were run on the primary and secondary conductivity channels using a variety of settings. There were variations from feature to feature but the best results overall were with a choice of -0.5s for the primary and +1.4 for the secondary. During 2007-09 the shifts applied were -0.6s and +1.5s. 
All casts were put through SHIFT using -0.5s for the primary and +1.4s for the secondary conductivity.

Fluorescence
In the past it has been found appropriate to advance the Fluorescence by +24 records (1s) relative to the other channels. A few casts were examined to compare the offset between the upcast and downcast fluorescence with that of the temperature traces to ensure this setting is appropriate. The CTD was stopped at 15db during the upcast, so this is a little hard to judge, but +24s looks like a reasonable choice.
A shift of +24 records (1s) was applied. (Output: SHFFL)

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: The only warning pertained to upcast data, so was of no concern.
12. COMPARISON WITH BOTTLES

Salinity

The salinity spreadsheet was simplified by removing columns not needed for the comparison with CTD data. A few labels were corrected based on notes in the log book. 

There was only one deep bottle (500db) and many surface samples (~10m).
Plots were made of the upcast pressure versus scan number from which it is clear that the CTD was stopped at between 13.5 and 15.5db, with an average of 14.5db looking like the most frequent level. From this it is estimated that the Niskin bottle was at about 9.5db when fired. The DEL files were bin-averaged (0.5db bins) and then thinned to 9db, 9.5db and 10db. This data was exported to a spreadsheet and used to provide data to compare with the bottles. The differences between bottles and CTD were found and averaged in a variety of ways:
	Differences using:
	
	Sal0-Bottle
	Sal1-Bottle
	Sal0 diff stdev
	Sal1 diff stdev

	Average all bottles
	CTD at 9db
	-0.0376
	-0.0271
	0.1695
	0.0814

	Average shallow bottles
	CTD at 9db
	-0.0380
	-0.0274
	0.1702
	0.0818

	Average shallow well-mixed bottles
	CTD at 9db
	0.0027
	-0.0054
	0.0050
	0.0050

	Average shallow well-mixed bottles
	CTD at 9.5db
	0.0029
	-0.0051
	0.0051
	0.0050

	Average shallow well-mixed bottles
	CTD at 10db
	0.0032
	-0.0048
	0.0052
	0.0053

	One deep bottle
	CTD at ~496db
	0.0111
	0.0016
	
	


The differences from the one deep bottle are significantly different from those of the surface bottles. The averages of all shallow bottles gives a very different picture from that using only the casts with well-mixed surface waters, as identified by a mixed-layer calculated as >10db. The standard deviations in the differences for the well-mixed cases are similar no matter whether the data from 9, 9.5 or 10db are used as is expected if they are well-mixed. Using the well-mixed cases the primary salinity is found to be high by about 0.003 and the secondary low by 0.005.

Why is the deep bottle result so different from that of the shallow bottles? 
· The surface bottles are compared to downcast CTD data so there are differences in time. This should not matter very much for well-mixed casts. Using upcast data presents more problems as the values fluctuate a lot as the CTD moves through the wake.

· Examination of the profile shows that there was a fairly large gradient near the bottom and on a T-S surface the CTD data from the level of the bottle stop appears to be in an unstable feature. The descent rate of the CTD was low at the depth of firing. It is possible that the bottle was fired before shed wake activity had stopped at the level of the Niskin bottle, so that it did not have time to equilibrate; but the upcast and downcast values are within 0.003 of each other, so this does not seem to explain such a large difference. 
· There is some suggestion of pressure-dependence in the CTD calibration with differences between the salinity channels being smaller at depth, ~0.009 at 500m and ~0.009 to 0.012 at 250m than at the surface. But there is only one cast below 250m and the data is very noisy above that level. Moreover, the well-mixed casts appear to have differences ~0.008 at 10m, which is quite close to the deep differences.

· There is no suggestion of time-dependence in the differences between primary and secondary CTD data from the well-mixed casts.
· Another possibility is that the Niskin bottle is leaking slightly so that fresher water gets in during the upcast making CTD salinity look higher than it is. A slow leak would have little effect on a near-surface sample, especially in well-mixed water. The only deep bottle during 2007-09 showed similar large differences, with primary high by 0.009. The secondary was high by 0.005 but there were problems with the secondary CTD sensors for that cast so the difference is not trusted. With only one deep bottle it is impossible to conclude there is a leak, but similar observations from the 2007-09 is suggestive. Hugh Maclean has an idea that leaky tubing may be at fault. He will replace it before the next use.
Fluorescence

Extracted chlorophyll data were obtained in spreadsheet format; this was simplified and saved as file 2009-42-chl.csv. CTD fluorescence data was extracted from ~9db and combined in spreadsheet 2007-42-FL-CHL-comp.xls. When all data is included there is a lot of scatter and the trendline is:


CHL = 0.78 * FL + 1.19

When only data for which FL < 2 are included the fit is:


CHL = 1.01 * FL + 0.63

When only data from the well-mixed casts (as identified in the salinity comparison) are included the fit is 



CHL = 0.62 * FL + 1.04

which is surprisingly close to the result with all data.
Given that there is only data from ~9db, this is a reasonable correspondence between the bottles and CTD suggesting that the fluorometer was working well. 
The CTD fluorescence dark value is ~0.25 mg/m3. During 2007-09 in March 2007 the dark value was ~0.13 mg/m3. These are both higher than we usually see.
13. DETAILED EDITING

CTDEDIT was used to clean the salinity data. The primary salinity was selected since it was closer to the bottles and is less noisy on a T-S surface than the secondary. The primary channels were found to be bad for 3 casts: 177, 180 and 183. Secondary channels were selected for those casts.
On-screen plots of descent rate and pump status were used to guide editing.

The following casts required no editing: 147, 150. All other casts required editing.

Note was made of the editing details in the headers of the relevant files.
14. Other Comparisons

Previous experience with these sensors –
· The pressure sensor was recalibrated in May 2006 and during 2006-31and 2007-09 the recommended offset worked well. 
· The temperature and conductivity sensors were used during 2006-31 and 2007-09. For 2006-31 the primary salinity showed some time dependence with differences from bottles varying from -0.001 to +0.006 and an average of 0.0027. The secondary salinity was found to be low by about 0.002. Calibration sampling was all from 10m bottles, so the analysis was limited to 14 bottles from well-mixed surface waters. For 2007-09 there were only 5 well-mixed casts and 1 deep sample. The primary salinity was thought to be high by 0.009 (based on average of well-mixed casts) or 0.007 (based on median of well-mixed) and the secondary by 0.0045 or 0.002. The secondary sensors were picked for the first half of the cruise and the primary for the second half. There was little confidence in the calibration data and plentiful evidence of CTD problems, so recalibration was only done to bring the two pairs into line by subtracting 0.0045 from the primary. 

Historic ranges – Profile plots were made of T and S with local climatology superimposed where available. Almost all the data was within the historic ranges, but there were a few excursions, mostly salinity looking low near the surface or the bottom. The temperature was a little low at the bottom for just one cast. The climatology for this area covers a fairly large area, so small excursions are probably not significant.
15. Initial Recalibration
The bottle comparison suggests that the primary salinity is high by 0.003 and the secondary low by 0.005. The history of this sensor is not very helpful with few deep bottles and a lot of noise in the comparison of shallow bottles with CTD, so the results from this cruise are the best evidence available. When these sensors are next recalibrated the data from this cruise should be reviewed to see if appropriate choices were made. However, applying an estimate based on a linear drift in calibration may be inappropriate for 2007-31 and 2007-09 because they may have errors due to equipment problems other than calibration drift. 
File 2007-42-recal1.ccf was used to subtract 0.003 from the primary salinity and add 0.005 to the secondary salinity for all EDT files.

16. Fluorescence Processing and special files for Angelica Peña
The EDT files were put through a median filter, size 11, applied to the fluorescence channel only. 

Five sets of files were prepared for the use of Angelica Peña:

TWO DOWNCAST DATA SETS

1. The EDT files were clipped to 100db, bin-averaged with 0.25db bins, unwanted channels removed and HEADEDIT used to fix headers, formats, channel names and to add comments. (Output: FCTD1)
2. The EDT files were clipped to 100db, median filtered (width 11 applied to fluorescence only), bin-averaged with 0.25db bins, unwanted channels removed and HEADEDIT used to fix headers, formats, channel names and to add comments. (Output: FCTD2)

THREE UPCAST DATA SETS - Because there were no rosette files special files were prepared with upcast data from around the depths at which chlorophyll was sampled. The SHFFL files were put through REVERSE. (Output: REV) In a few cases there were negative values near the surface and a text editor was used to either remove those records or if there were just a few the “-” sign was removed.
3. The reversed files were put through DELETE to create files with upcast data only. Those were clipped so they contain only the top 20db of data, then REMOVE and HEADEDIT were run to remove unwanted channels and fix formats and add a comment. (Output: UPFCTD1)

4. Another set of upcast files were created by applying a median filter of fixed width 11 to the fluorescence channel of the REV files followed by DELETE, CLIP, REMOVE and HEADEDIT. (Output: UPFCTD2)

5. Finally a set of upcast files were created by running DELETE, CLIP, REMOVE, BIN AVERAGE and HEADEDIT. (Output: UPFCTD3) The bins were size 0.25db.
17.  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.

After averaging, page plots were examined on screen. No further editing was considered necessary.
Transmissivity and Fluorescence profiles were plotted on-screen and no problems noted. 

18. FINAL CTD files steps (REMOVE and HEADEDIT)
The following channels were removed from casts 177-183: Scan_Number, Temperature:Primary, Salinity:T0:C0, Conductivity:Primary, Conductivity:Secondary, Status:Pump, Descent_Rate and Flag. 
The following channels were removed from all other casts: Scan_Number, Temperature:Secondary, Salinity:T1:C1, Conductivity:Primary, Conductivity:Secondary, Status:Pump, Descent_Rate and Flag. 

HEADER EDIT was used to fix formats and channel names, to fix the platform name and geographic description and to add the following comments:
Transmissivity and fluorescence are nominal and unedited except that 

some records were removed in editing temperature and salinity.

The Standards Check routine was run and HEADEDIT adjusted until no further problems were found. The final files were named CTD. 
19. Thermosalinograph Data

a.) Checking calibrations
There were 2 identical configuration files so one was renamed as 2007-42-ctd.con. The calibrations were correct. There is only 1 temperature channel and no fluorometer or flow channel. The hex files had errors in their naming format. They were copied to files with the correct names.
b.) Converting to IOS Headers and adding position headers and time channels
The data were converted to a CNV file using a SeaSoft routine. The channels converted were: Scan_Number, Temperature:Primary, Conductivity:Primary, Latitude, Longitude, Salinity:T0:C0 and Time Julian. There was no channel for Flow Rate, no secondary temperature and no fluorometer. 
The files were then 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 and the output files were named *.ATC. 

An initial track plot was produced and it looks fine. 
A time-series plot was produced and showed just a few spikes in salinity. 
c.) CTDEDIT
 CTDEDIT was used to smooth a few salinity spikes not associated with temperature spikes.
d.)  Checking Time Channel
The CTD data, after editing and metre-averaging, were thinned to reduce the files to a single point at or within .3db of 4db and exported to a spreadsheet. In fact the TSG intake is shallower than that, ~3m, but there is not as much data from 3db. (Tests were made to see if selecting data from 3 or 4m changed the conclusions in the comparisons of TSG and CTD, and there was no significant difference since recalibration was based on the casts that had well-mixed surface waters.)
The TSG files were opened in EXCEL, median and standard deviations were calculated for temperature, salinity and fluorescence, and the file was then reduced to the times when CTDs were run. (There was no TSG data to match the CTDs at cast #150 and casts 272 to 323.) The relevant TSG and CTD data were combined in a spreadsheet (2007-42-ctd-tsg-comp.xls). The positions were compared and were very close, with average differences for latitude being 0.0001º and for longitude 0.0001º and no difference greater than 0.0005º so the clock appears to have worked well. 

This spreadsheet will also be used in step (f) to compare temperature and salinity. 

e.) Alignment check

Recent uses of this equipment showed no alignment problems. There are variations in alignment, but they are not systematic. This step was skipped.

f.) Comparison of T and S from TSG and CTD data
· T1 vs T2 ˚C. There was no secondary temperature sensor at the intake.

· TSG vs CTD The spreadsheets comparing CTD and TSG files were then examined to find the differences between the salinity and temperature channels for the CTD and the TSG. There were 86 casts that could be used. Graphs were prepared comparing the TSG temperature and salinity with those of the CTD. Of those casts only 9 are well-mixed at the surface.
When all differences were averaged the temperature looks high by 0.232C˚. However, when outliers were removed based on the standard deviation in the TSG data smaller differences were found, with the temperature high by 0.074 C˚ with 20 points and 0.083 C˚ with 42 points. Including more points led to rapidly increasing temperature differences. When the data was reduced to the 9 casts found to be well-mixed based on the CTD data, the average was 0.061C˚ and eliminating a few more points gave a difference of 0.065C˚. There is more noise in the temperature differences than in the salinity. Overall, 0.07 looks like a reasonable estimate.
Averaging all data indicated that salinity was low by 0.18. Removing outliers based on the standard deviation in the TSG salinity data, the TSG was found to be low by 0.024 and 0.027. Including more points had little effect on salinity until more than 63 points were included. When the data was reduced to the 9 casts found to be well-mixed based on the CTD data the average was -0.029 and eliminating 1 more point gave a difference of -0.024. Using the 3 best-mixed casts also gave a difference of -0.024. Salinity appears to be low by about 0.024.
·  Loop Bottle Comparisons There were no loop salinity samples.
· Calibration History The only cruise using this TSG since the latest recalibration was 2007-09, for which there was no calibration sampling and only 2 CTD casts that overlapped with the TSG record. No recalibration was applied in the absence of any information. If we assume that the source of temperature error is primarily ship heating rather than calibration drift, the results from June 2006 may be useful and the temperature was then found to be high by 0.07 C˚.
Conclusions

An adjustment of -0.07Cº is appropriate for the ship heating factor and +0.024 for the salinity adjustment.
f.) Recalibration
File 2007-42-TSG-recal.ccf was used to apply offsets of -0.07 Cº and +0.024 to Temperature:Primary and Salinity:T0:C0.

h.) Preparing Final Files
REMOVE was used to remove the following channels: Scan_Number, Conductivity:Primary and Flag.
HEADER EDIT was used to change the DATA TYPE to THERMOSALINOGRAPH and to add the depth of sampling to the header and the following comment about the data.
The temperature and salinity data have been recalibrated based on comparison
with CTD data from the depth of the TSG intake.
As a final check plots were made of the cruise track and data; no problems were noted.

20. Producing final files
A cross-reference listing was produced for CTD files.

HEADER CHECK was rerun and a cruise track plotted and no errors found.

The sensor history was updated for the TSG and CTD sensors.
Particulars: (Notes from log book) 
1. CTD aborted – no NMEA feed. No data in DAT file.
4-28. No NMEA. Computer times need 1 hour subtracted.

31. GPS working
73-85. Errors in labelling of samples.
114. Mislabelled - called 115 in file.

180. Two salinity channels very different at surface, ok at 4m.

183. Two salinity channels very different at surface, ok at 6m. Y vent cleaned.

230. Called DS01 in file. Should be DE01.

245. Station name in file different from log; log looks right.

272. Wire angle problems – stop during downcast then continued.

Institute of Ocean Sciences   
 CRUISE SUMMARY

	Cruise ID#:    2007-42

	Dates:   Start: 19 June 2007                 End: 7 July 2007

	Location: NE Pacific

	Vessel:  W.E.Ricker                                    Party Chief: Trudel M.

	

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

	1
	SEABIRD
	911+
	0506
	No
	Yes


CTD Calibration Information

Make/Model/Serial#:
SEABIRD/911+/0506         Cruise ID#:

2007-42


	Calibration Information

	Sensor
	Pre-Cruise
	Post Cruise

	Name
	S/N
	Date
	Location
	Date
	Location

	Temperature


	4484
	19/03/05
	Factory
	
	

	Conductivity


	2280
	23/05/06
	“
	
	

	Secondary Temp.


	2710
	07/04/05
	“
	
	

	Secondary Cond.
	1764
	23/05/06
	“
	
	

	Fluorometer
	2229
	
	IOS
	
	

	Transmissometer
	498DR
	28/12/06
	IOS
	
	

	Pressure Sensor
	69698
	26/05/2006
	Factory
	
	


TSG Calibration Information

  Make/Model/Serial#:
SEABIRD/21/2488       Cruise ID#:
2007-42


	Calibration Information

	Sensor
	Pre-Cruise
	Post Cruise

	Name
	S/N
	Date
	Location
	Date
	Location

	Temperature
	2488
	06/01/05
	Factory
	29/12/06
	Factory

	Conductivity
	2488
	06/01/05
	“
	29/12/06
	Factory
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