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	DESCRIPTION OF REVISION

	
	

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


PROCESSING NOTES
Cruise: 2010-18
Agency: PBS, Salmon and Freshwater Ecosystems, Nanaimo, BC
Location: West Coast Vancouver Island / BC Inlets
Project: High Seas Salmon



Party Chief: Trudel M. & Morris J.



Platform: W.E. Ricker

Date: October 1, 2010 – November 19, 2010
Processed by: Germaine Gatien



Date of Processing: August 9, 2011 – August 19, 2011
Number of original hex files: 
194

Number of CTD casts processed: 193
INSTRUMENT SUMMARY
A SeaBird Model SBE 911+ CTD (#0585) was mounted with an SBE43 Dissolved Oxygen sensor (#997) on the primary pump. From cast #116 onwards the system was also mounted with Seapoint Fluorometer #2648 (with a 10X cable) on the primary pump, transmissometer #1005DR and SBE pH sensor #692 (unpumped). The salinometer used was a model 8400B Autosal, serial # 68572.
SUMMARY OF QUALITY AND CONCERNS
The log books were in good order with an equipment list, a record of sampling done and useful notes about problems encountered. 
There was no deep salinity calibration sampling, but many samples from ~11.5m. The comparison with the CTD data suggests that both CTD salinity channels were within 0.001 of the bottles, though this is a rough comparison since the sampling depth is variable, as are local gradients. The post-cruise calibration parameters were used for conversion of these data and the comparison does support that choice. 

The pH sensor was entered incorrectly in the configuration file used at sea. Tests showed it was mounted on a different external voltage. 
The pH data will not be archived due to quality concerns.
The transmissometer, dissolved oxygen sensor and fluorometer were not mounted on the CTD until cast #116. Towards the end of the cruise the SBE Fluorescence data look odd, but the extracted chlorophyll values were very low, so the data were left in the files.  
Dissolved Oxygen data were not recalibrated because there was no calibration sampling during this cruise. The post-cruise calibration parameters were used so the error due to calibration drift should be small, but there will be errors due to slow response time.
PROCESSING SUMMARY

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

2. Preliminary Steps

The Log Books (3) were obtained. There were good notes describing problems encountered. A few errors in file names and station names will be fixed after conversion to CNV files. For casts #77 and 81 acquisition did not being until the 109m and 60m mark of the downcasts, so upcast files will be used to produced full profiles if the data quality is high enough.
Bottle data were provided in 2 spreadsheets – “Hi Seas Salmon 2010-18_Final.xls” included nutrients and extracted chlorophyll. File “2010-18HSS*.xls” contained salinity data. The latter file was renamed as 2010-18-salinity*.xls. The * stands for the date of the spreadsheet version. 

All CHL values were duplicates as were some nutrients. There were no salinity duplicates. There were Autosal analysis log sheets available; there were no comments, so it is assumed no flags are recommended. Two salinity samples required 3 readings but there is no evidence of instability.
To enable preparation of a document combining CTD data plus bottle data, file “Hi Seas Salmon 2010-18final.xls” was edited to remove columns and rows not required. The Phaeo data had not been included in the final sheet, so those were averaged and added and the sheet was saved as file 2010-18-bottles_plus_CTD_data.xls. Salinity data were added to the spreadsheet and aligned with the other variables since there were no salinity samples from some casts. Header names were changed to standard format. Comments for each variable were combined in a single column with prefixes indicating to which variable each pertained. Columns were added to accommodate the CTD data that will be added to the file later. A document file (Data Analysis Comments.doc) was prepared with notes about analysis and quality flag definitions. A note about that file was entered in the first row of the spreadsheet file. 
The cruise summary sheet was completed. 
The histories of the dissolved oxygen, conductivity and pressure sensors were obtained.
Two configuration files were saved as 2010-18-ctd1.con and 2010-18-ctd2.con. Calibration constants were checked. For the first configuration the pressure sensor parameters are all slightly wrong. This is a long-standing problem with that sensor. The origin of the wrong numbers is a spreadsheet, but the correct data were available in XML format so those were imported into the file. The dissolved oxygen parameters were not wrong, but the Owens-Millard parameters were entered instead of the SeaBird parameters now in use, so they were replaced. For the second configuration the pressure and DO parameters were changed in the same way as for the first file, and the transmissometer parameters were wrong, so were replaced.
There were post-cruise calibrations available for all sensors from between December 2010 and April 2011. Based on dates and the lack of high quality calibration sampling for this and other recent cruises using the same equipment, it might be wise to use the post-cruise parameters. However, the CTD was used on another November 2010 cruise during which it failed. The nature of the failure could possibly have affected the sensors, so tests were run using the post-cruise calibrations to ensure the data look similar in shape to the pre-cruise ones. A test run produced reasonable data with slightly lower pressures and temperature slightly higher and salinity lower by 0.0035. There has been no reliable salinity calibration sampling for this instrument since late 2009 and even then the result was not fully trusted. We have evidence of salinity being too high, but not by as much as 0.0035. Dissolved oxygen is even more difficult to assess since part of the correction addresses response time errors, so using post-cruise calibration parameters won’t address that. However, since there has been no calibration sampling since late 2009, using the latest values is the best we can do. A test was done on one cast to see the difference between using the previous fit based on a lot of bottles and using the post-cruise calibration and the results were as follows:

	Pre-Cruise DO
Converted value
	Value after correction based on 2009-09
	Post-cruise DO converted value
	Difference

	1.7
	1.759
	1.709
	0.050

	2
	2.075
	2.010
	0.065

	3
	3.128
	3.016
	0.112

	4.3
	4.497
	4.325
	0.172

	5
	5.234
	5.035
	0.198

	6
	6.286
	6.047
	0.239


This is a very rough study. It seems likely that corrections should be larger, not smaller, but the effects of alignment and response time are not included. The study at least gives us some confidence that errors are likely <4%. In the absence of calibration sampling from this or any recent cruises, it seems best to use the post-cruise calibration. 
For salinity we do have some sampling, so we can see if the correction goes too far and adjust that later.

 3. Conversion of Raw Data
All data were converted using files 2010-18-ctd1-postcal.con for casts 1-113 and 2010-18-ctd2-postcal.con for casts 116-567 respectively.
Cast #113 had a HEX file but no CON or HDR file; the conversion looks fine with proper station identification and reasonable data.

Plots were made for a few casts. The CTD stops at between 13 and 16db during the upcast. The Niskin bottle is usually mounted about 5m above the CTD, so data from 9 to 11db should be examined for the comparison with bottle samples. Checks were made of all the channels:
· The temperature channels track well on the downcast but the upcasts show larger differences with the secondary worst, but both have odd excursions. There is also a clear vertical offset that is seen only in the upcasts. These upcast problems may be related to pump problems, and/or the CTD being out of the vertical during upcasts.
· Conductivity is similar except that the upcasts are not so noisy, but they are offset vertically. The secondary conductivity has a higher basic noise level both up and down.
· Fluorescence looks fine until about cast #372 when it seems to go wrong. Sometimes the near-surface downcast looks ok, but then spikes and zeros start to appear and the upcasts look bad.

· Dissolved Oxygen data look ok with the usual vertical offset between downcast and upcast.
· Transmissivity looks fine with reasonably correspondence between downcast and upcast and high values in deep water.
· The descent rate was kept high most of the time. The noise level varies greatly from very noisy to almost constant as is usual given some casts are in open waters and others in sheltered inlets. 

· There is no pH signal. It is possible the sensor was mounted on a different external voltage than given in the configuration file, so tests were done with alternate con files to see if data appeared. When the pH was entered for voltage 5 rather than voltage 4 reasonable data were produced. So 2010-18-ctd2.con was adjusted.
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. ALIGNCTD

ALIGNCTD was used to advance the DO signal relative to temperature by 4s.

6. CELLTM

Tests were run on 4 casts using a variety of settings and the best choice in each choice was (α=0.03, 1/β=9) for both channels.
CELLTM was run using (0.03, 9) for the primary and the secondary conductivity for all casts.
7. DERIVE

Program DERIVE was run twice: 


on all casts to calculate primary and secondary salinity and dissolved oxygen concentration; the tau correction was applied.


on a few 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.
8. Test Plots and Channel Check

There were few casts deeper than 200m. The differences between the sensors were often noisy. The same sensors were used for 2009-46 and 2010-03 so data from two casts each from those cruises are included in the comparison to see if using the post-cruise calibration looks useful.
	Cast #
	Press
	T1-T0
	C1-C0
	S1-S0
	Descent Rate

	Early 2009-46
	240
	+0.001
	-0.0005
	-0.006
	High, steady

	Late 2009-46
	240
	+0.001
	-0.0006
	-0.008
	High, steady

	2010-03-0191
	400
	+0.0008
	-0.0005
	-0.0065
	Mod, noisy

	2010-03-0365
	240
	+0.0010
	-0.0005
	-0.0065
	High, noisy

	2010-18-0058
	235
	+0.0014
	+0.0001
	~0 VN
	Mod, steady

	2010-18-0293
	234
	+0.0014
	+0.0001
	-0.0005
	Mod, steady

	2010-18-0459
	240
	+0.0012
	+0.00005
	-0.0006
	Mod, moderate

	2010-18-0528
	242
	+0.0014
	+0.00005
	-0.0008
	Mod, moderate


The differences are in conductivity and salinity are smaller than for previous cruises, as expected when we choose the post-cruise calibration. But the temperature difference is even larger than earlier. The secondary temperature sensor was found to be in need of repair and the post-cruise calibration was done before the repair. The differences in temperature and conductivity offset each other for the most part so there is little difference in salinity. Using the calibration after a repair is not advised because it would not likely represent well what was measured at sea. The primary data are likely to be used for this cruise, so this is not a major concern.  
9. Conversion to IOS Headers

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 using linear interpolation based on scan number.

10. Checking Headers

The header check was run. The fluorescence maximum was ~14 so that value was checked and found to be a single point spike at 90db. That value was replaced with a pad value in the IOS file and run through CLEAN again. The fluorescence maximum for the cruise was then ~8 and looks believable, and definitely not off-scale. There are some slightly negative pressure values but they look more like noise. In investigating those it was found that when pressure is ~0.3db the salinity (with pumps on) is ~2, so this looks about right.
Log records were checked against the cross-reference report and a few errors were found (and fixed) in station names. Cast #152 was examined to see if the data are usable – it was noted at sea that the “plot froze and then continued”. There are no data between 41.8db and 98.8db of the downcast; the upcast looks ok. Cast #153 was a repeat cast and it looks fine, so #152 will not be processed further.
The track plots (divided into 4 groups) were produced and look reasonable.
The surface report indicates that the average surface pressure was 4.1db which is typical for Ricker work. As mentioned early in this section there are some lower pressures in the upcasts. The pressures look correct.
11. SHIFT

Fluorescence

The fluorometer was not mounted until cast #116. In order to get a full set of files with SHFFL extensions, the CLN files were copied to SHFFL. Then SHIFT was run on casts #116 to 567.

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, but upcasts and downcast are very different so it is hard to judge. A few cases suggest the usual setting of +24 records is appropriate. The fluorometer was not on until cast #116.
A shift of +24 records (1s) was applied. (Output: SHFFL)

Conductivity

Tests were run on both conductivity channels using 5 casts with marginally stable features. For the primary conductivity the best setting was +0.5 records and for the secondary the best varies from feature to feature, but +1.5 seems generally best.
All casts were put through SHIFT using +0.5 records for the primary and +1.5s for the secondary conductivity.

Dissolved Oxygen

The SBE DO data have already been aligned, but a few casts were examined to see if further adjustments are required. While the vertical offset between upcast and downcast are slightly bigger than in the temperature traces, but part of that is due to hysteresis. Matching notable features shows the offsets in T and DO are quite close. SHIFT will not be run on this channel.

12. 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. 
DELETE was also run on the REV files to produced *.REVDEL

13. COMPARISON WITH BOTTLES
There were no deep bottle samples, but there were near-surface samples for most casts. The CTD stopped at between 13.5 and 16db during upcasts. Generally for Ricker cruises the Niskin bottle is attached about 5m above the CTD, so samples are likely from 11 to 12.5db.

To produce suitable CTD data to compare with the bottle samples, all SHFC1 files were put through REVERSE and then DELETE. Those files were then clipped to 17db. They were then bin-averaged with 0.5db bins. The CTD data were then thinned to values between 8 and 12db exported to a spreadsheet. The bottle data were added to the CTD data, excluding cases where either there was no bottle or no CTD data at the particular depth. 
To study the salinity calibration at each level, the differences between bottles and CTD were found and the data were ordered on the absolute value of the differences. The average of the 40 smallest differences was calculated. The following was the result:

	Pressure
	CTD Sal – Bottle Sal average of  differences from 40 cases with the smallest absolute differences

	8db
	-0.0016

	9db
	-0.0017

	10db
	-0.0014

	10.5db
	-0.0015

	11db
	-0.0008

	11.5db
	+0.0004

	12db
	-0.0004


The results suggest that the bottles closed at an average of 11 to 12db. The bottles with the lowest differences were mostly from casts with a fairly well-mixed surface layer. This is a rough measure of the quality of the salinity calibration. If we include 50 bottles the average difference is 0.003 at 11.5db and 0.001 at 11db. At 12db the results are exactly the same for both 40 and 50 bottles. The secondary differences are also very small for 11 to 12db, but larger above that, but that is with the choice of the bottles with the lowest differences for the primary, so the secondary may be even better than they look. It looks like the salinity calibration is excellent and no correction need be applied.
Using the result that 11.5db is a reasonable estimate for the level of bottles closing, the data from that level of the upcast was used to do a study the fluorescence. Towards the end of the cast, the fluorescence looks odd, often at the “dark” value even at the surface. When the data are plotted in “good” (events 116-369) and “bad” (events 372-567) groups, it is obvious that the fluorometer values are mostly constant. But when all data are plotted together this doesn’t stand out. The reason is that the extracted chlorophyll values are also extremely low. So perhaps the fluorometer was working ok. At the end of processing, this will be examined again by doing profile plots. For details see file 2010-upcast-vs-bottles.xls. 
Finally the data from 11.5db were added to the spreadsheet “2010-18-bottles_plus_CTD_data.csv”. 

14. DETAILED EDITING

For cast #81 acquisition did not start until the CTD was at 60db. The upcast data were examined and while they look different from the downcast in a few areas, those are places where there was likely active mixing judging by the T-S plots, so the differences are likely real. The reversed upcast file (2010-18-9081.del) was chosen for further processing in order to get a full profile.
Similarly, cast #77 acquisition started at 109db of the downcast, so the reverse file (2010-18-9077.del) was used.
All DEL files were copied to *.EDT.

CTDEDIT was used to clean the primary temperature and salinity data for all downcasts, except for casts #77 and 81 for which upcast data were selected. 
Most editing was light with removal of some surface records and records corrupted by shed wakes. Large spikes in salinity were smoothed where there were no spikes in temperature, and salinity was cleaned where small spikes appear to be caused by a mismatch of conductivity and temperature channels. All casts required some editing except for casts #31, 305, 399 and 501.

On-screen plots of descent rate and pump status were used to guide editing.

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

The edited files were copied to *.EDT files.

15. Other Comparisons

Previous experience with these sensors –
· Both conductivity sensors have been used on 7 other cruises since their last factory service.  The bottle comparisons for 2009-10 and 2009-11 produced contradictory results, with both sensors higher than bottles for one cruise and lower for the other. The results of 2009-11 are especially confusing with the primary low by 0.02 and the secondary by 0.025. These are large errors, and it seems odd both sensors should be out by so much and in the same direction. The comparison was very noisy and the 1 pair of duplicate samples differed by 0.005. There are concerns about the samples from this and a number of other cruises. From 2009-48 the primary was low by <0.001 and the secondary by 0.006 based on surface bottles only. While there are some concerns about the samples, there is a suggestion that the differences grew smaller with time for the primary and larger for the secondary. The secondary temperature sensor required repair in 2011.
· The pressure sensor has been used many times but with an incorrect configuration. In recent uses the pressure was found to be low by 0.2 and 0.4db.
· The dissolved oxygen sensor has been used for 7 other cruises since its last factory service. There was no calibration sampling for 3 cruises, for another the sampling was from a narrow DO range and looked odd. The last reliable calibration was from 2009-09 in June 2009.  
Historic ranges – For this cruise local climatology data were often unavailable. There were many excursions from the 3-standard deviation plots of temperature and salinity ranges, but none that were not explained by being close to shore or in inlets, where larger variations are expected and at sites that may not be well represented in the climatology. Others appear to be cases of deep mixing. There are not a lot of winter data from this area, so excursions are to be expected. There is no systematic evidence of instrumental problems.
16. Initial Recalibration
No recalibration was applied. All indications are that the salinity and pressure data are good, and we have no evidence on which to base a judgment on dissolved oxygen. The DO calibration drift is likely insignificant but there will be an error related to response time. Using the results of a previous cruise is unjustified since a post-cruise calibration was used.
17. Fluorescence Processing and special files for Angelica Peña
The EDT files for events #116–366 were clipped to 150db and processed in 2 ways, with a filter and without a filter, followed by bin averaging in both cases. 
The SHFC1 files for events #116-366 were put through reverse and then clipped to 17db. They were then processed in 3 ways – filter only, bin average only and neither filter nor bin average.
Those files were set aside for Dr. Peña.
The EDT files were put through a median filter, size 11, applied to the fluorescence channel only. 

18.  BIN AVERAGE of CTD files
The following Bin Average values were applied to the filtered 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. Though small unstable features remain these may be real, so no further editing was considered necessary. 
Profile plots were made to check all channels. The only problem noted is with the fluorescence from about event #375 onwards. At times there appears to be no signal, or sometimes just a few spikes, often at depths where the values are very unlikely to be real. However, the fluorescence value at those depths where there appears to be no signal is ~0.16ug/L whereas the dark value (as judged from deep casts in the Strait of Georgia) was ~0.08ug/L. Event #372 appears to have a signal near the surface, but at depth large spikes begin to appear and the surface values are very high compared to the extracted chlorophyll. Late in the cruise there is a little more variability but it looks like just more frequent spikes. The dark values continue to look high. The extracted chlorophyll was extremely low for those casts, so that near-constant fluorescence does not immediately seem notable, but the odd SBE fluorescence started after the extracted chlorophyll became very low. While this may be evidence of an instrumental problem, it is also possible that this is good data from an unusual environment of very low chlorophyll levels and high freshwater input. The SBE fluorescence channel will not be removed.
19. FINAL CTD files steps (REMOVE and HEADEDIT)
The following channels were removed from all casts: Scan_Number, Temperature:Secondary, Salinity:T1:C1, Conductivity:Primary, Conductivity:Secondary, Oxygen:Voltage:SBE,  SBE:pH, Status:Pump, Descent_Rate, SBE:Fluorescence and Flag.
A second set of files were prepared for the Chief Scientist with the pH channel. From this point on both sets are treated in the same way but the 2nd set have “pH” added to the extension in the file names.
A second CTD dissolved oxygen channel was derived with units umol/kg. 
Dissolved Oxygen saturation was calculated and surface values were plotted. Most values were between 80% and 100%, though values as low as 60% were found in inlets. The open ocean values were mostly between 90% and 100% with a few higher values, giving some confidence that the oxygen sensor was performing reasonably well.
HEADER EDIT was used to fix formats and channel names and to add the following comments:
The transmissivity, SBE fluorescence  and SBE Dissolved Oxygen data are nominal

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

Post-cruise calibrations were used for all sensors on the CTD except the transmissometer.

No estimate can be made of the precision of the SBE Dissolved Oxygen channel since there

was no DO sampling. The availability of a post-cruise calibration in late December 2010

should minimize errors due to calibration drift, but not those due to slow response time.

SBE:pH data have been removed from the file because of quality concerns.

For casts 1-113 that header was edited to remove references to the transmissometer, fluorometer and pH sensor.
The special files for the chief scientist were given the following header comment:
The transmissivity, SBE fluorescence, SBE:pH and SBE Dissolved Oxygen data are nominal

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

Post-cruise calibrations were used for all sensors on the CTD except the transmissometer.

No estimate can be made of the precision of the SBE Dissolved Oxygen channel since there

was no DO sampling. The availability of a post-cruise calibration in late December 2010

should minimize errors due to calibration drift, but not those due to response time.

SBE:pH data have been provided for the use of the Chief Scientist. They will not be placed in the OSD_DATA_ARCHIVE due to quality concerns.

20. Producing final files
The Standards Check routine was run and no problems were found. The final files were named CTD. 

A cross-reference listing was produced for CTD files.

HEADER CHECK was run and no problems were found.
A cruise track was plotted and no errors found.

The sensor history was updated for the CTD sensors.
The special set of files with extensions CTDpH were prepared for the High Seas Salmon program staff; they contain the pH data that were removed from files to be archived.
Particulars: (Mostly notes from log book)
55/58. Pump off command did not work at end of cast, but seemed to reset when deck unit turned off.
58. Pause at 7m upcast due to kelp ball forming.

77. Wrong station name – should be GS03 – acquisition started at 109db on downcast.
81. Acquisition did not start until 60m mark of down cast.

85. Wrong station name – should be GS06. Header entry should be 0085, not 0083

87. Header entry should be 0087 but is 008

89. Acquisition began at 20m.

152. Plot froze, then continued. Reran as 153.

240. Spikes, file missing.

311. CTD not logged.
Institute of Ocean Sciences
CRUISE SUMMARY

CTD

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

	1
	SEABIRD
	911+
	0585
	Yes
	Yes


	Calibration Information 

	Sensor
	Pre-Cruise
	Post Cruise

	Name
	S/N
	Date
	Location
	Date
	Location

	Temperature


	4054
	24Dec08
	Factory

“
	29Dec10
	Factory

	Conductivity


	3321
	16Jan09
	“
	29Dec10
	Factory

	Secondary Temp.


	
4700
	24Dec08
	“
	29Dec10
	Factory

	Secondary Cond.
	1766
	   16Jan09
	“
	28Dec10
	Factory

	Transmissometer


	1005DR
	20Jul10
	IOS
	
	

	SBE 43 DO sensor
	0997
	01Mar2008
	Factory
	24Dec10
	Factory

	Fluorometer
	2648
	?
	IOS
	
	

	SBE pH
	692
	06Feb09
	Factory
	23Dec10
	Factory

	Pressure Sensor
	77511
	13/Mar/2000
	Factory
	29Feb11
	Factory
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