REVISION NOTICE TABLE

	DATE
	DESCRIPTION OF REVISION

	31 March 2015
	Correction to header comment about salinity bottles in CHE files. G.G.


PROCESSING NOTES
Cruise: 2012-58




Agency: OSD / NRCAN / University of Washington 
Location: WCVI


Project: Paleoseismic
Party Chief: Dallimore A.


Platform: Vector
Date: July 20, 2012 – August 2, 2012
Processed by: Germaine Gatien

Date of Processing: 7 January 2013 – 14 January 2013
Number of original HEX files: 82
Number of CTD files: 81 (1 hex file had only surface data)
Number of bottle casts:
13
INSTRUMENT SUMMARY
SeaBird Model SBE 911+ CTD (#0550) was used for this cruise. It was mounted in a rosette and attached were a Wetlabs CSTAR transmissometer (#1185DR), an SBE 43 DO sensor (#1176), a SeaPoint Fluorometer (#2356) with a 3X cable, a Wet Labs Eco-AFL/FL Fluorometer (#2215), a Biospherical QSP-400 PAR sensor (#4601) and an altimeter (no serial # available). 

The deck unit was a Seabird model 11, serial #0425. The logging computer was #2.
The salinometer used at IOS was a Guildline model 8400B Autosal, serial # 68572. 

There were 24 10L bottles mounted on an IOS Rosette.
SUMMARY OF QUALITY AND CONCERNS
The CTD log had no equipment list; this leads to extra steps to determine if all instruments listed in the configuration file were actually connected. Those at sea often assume that the set-up is exactly like that of the previous cruise, but in this case it was not. The Daily Science Log Book and Rosette log were otherwise in good order.  
Two fluorometers were used for this cruise but there was no extracted chlorophyll sampling. A comparison of the two sensors during bottle stops and during downcasts shows that the two are close when fluorescence is between about 1.2ug/L and 2.5ug/L, but the ECO reads higher outside that range except for the few very high values when they are closer again. This is similar to observations during 2012-16. A few SeaPoint values in one cast were off-scale and were replaced with pad values.
There was no dissolved oxygen sampling, so no estimate of accuracy can be made. Recalibration was based on cruise 2012-57 results for the same sensor. 
The salinity sampling done on this cruise was not useful because most samples came from close to the bottom, and analysis was delayed by 2.25 months. The casts chosen for sampling were good ones since most were quite deep, but it is recommended that salinity sampling be done at least 10m above the bottom to avoid bottom currents and that analysis be carried out within 6 weeks of collection.
PROCESSING SUMMARY

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

2 Preliminary Steps

The Log Book and rosette log sheets were obtained as well as analysis sheets for salinity. 
The salinity data were obtained in spreadsheet format from the analyst. The file creation date was added to the name of that file to avoid confusion in case some changes need to be made later. 

The cruise summary sheet was completed.
The history of the pressure, conductivity and DO sensors were obtained. The same sensors were used for 3 other cruises in June/July 2012. The pressure was found to be low by 0.5db during the first of those cruises, so for those that followed the pressure offset in the pressure calibration was increased from +0.24 to +0.74db. Tests will be run later to determine if that setting is appropriate for these data.
The calibration constants were checked for all instruments and the only error found was a date of calibration for the pH sensor. That was fixed and the pressure offset changed to 0.74db as has been used for the past 2 cruises. The adjusted file was saved as 2012-58-ctd.xmlcon.
3 BOTTLE FILE PREPARATION 
The ROS files were created using configuration file 2012-58-ctd.xmlcon. They were put through CLEAN to create BOT files. Temperature and salinity were plotted for all BOT files and no problems were found. A preliminary header check showed that the pH sensor was not really in use and the Reference PAR was not connected. So the ROS files were reconverted and new BOT files created. 
The BOT files were bin-averaged based on bottle numbers. Those files were used to create an ADDSAMP file. Sample numbers were added to the ADDSAMP file based on information in the rosette log sheets. That file was sorted on Event_Number and Sample_Number and then converted to CST files. The CST files will form the framework for the bottle files.

SAM files were created using the Add Sample Number routine and those files were then bin-averaged on bottle number (SAMAVG). 

Next, the salinity analysis spreadsheet was examined to see what comments the analyst wanted included in the header file. These were used to create file 2012-58-bot-hdr.txt; it may need further editing to reflect problems found during processing.

The date of creation was added to the name of spreadsheet from the analyst.

SALINITY

Salinity analysis was obtained in QF2012-58SAL.xls. The analysis was done 2.5 months after collection. The files were simplified and saved as 2012-58sal.csv. That file was then converted to individual SAL files.
The SAL files were merged with CST files. 

The files were then put through CLEAN to reduce the headers to File and Comment sections only. 
The cleaned files are ordered on sample number, but the SAMAVG files are ordered on bottle number, so one or the other set needs to be reordered in order to merge them. The cleaned files were reordered on Bottle_Number since that is the usual method used. Those files were then merged with SAMAVG files choosing the Bottle_Number from the SAMAVG files. Those files were then put through CLEAN to remove SeaBird headers. (Output: MRGCLN2)
4 Compare  
Salinity  

Compare was run with pressure as reference channel. There were only 10 bottles. The scatter is huge; when one major outlier is excluded the results range from the CTD being lower than bottles by 0.009 to higher by 0.004. Most of the bottles are from the bottom of casts, including all bottles that showed the CTD to be higher than bottles. The comparison is often poor at the bottom, perhaps because the 1.5m offset between the sensors and the rosette bottle is significant in the presence of bottom currents, or perhaps the bottles do not flush well near the bottom. 
There are only 3 bottles that were not from the bottom and one was a major outlier. The other two show that primary salinity being low by 0.0047 and 0.0066 and the secondary being low by 0.0034 and 0.0055. 
This does establish that the primary is lower than the secondary by about 0.001, but the 2.25 months storage of samples does not allow us to say how accurate the CTD salinity readings are. We typically find bottle salinity high after a few months storage with great variation from one bottle to another.
The major outlier is sample #6 during event #23 at 40db. The standard deviation in the primary salinity is a little high, but the secondary is not very noisy, yet both values are lower than the bottle by about 0.04. This is larger error than usually caused by a delay of 2.25 months before analysis. However, the CTD salinity fell by about that much between the CTD stopping and the bottle being fired. So this may be a case where the bottle did not flush very well or the local gradient was high enough to lead to significant differences over the 1.5m between bottle and CTD sensors. No flag is justified.

For full details for the COMPARE run see file 2012-58-sal-comp1.xls.

At this point the data from the MRGCLN2 files were exported to a spreadsheet for comparison with the rosette files to ensure no data were misplaced or missing. No problems were found.
Fluorescence

There were no extracted CHL samples, but we can use the bottle files to compare the two fluorescence channels during bottle stops. The comparison is not terribly useful because there are no bottles between 2db and 30db, so very few comparisons with high fluorescence values. The surface bottles show good correspondence between the two sensors. For SeaPoint fluorescence values <0.5ug/L, the ECO averages 2.1 times the SeaPoint fluorescence. There appears to be a sudden change when SeaPoint fluorescence passes through 0.5ug/L. See 2012-58-fl-comp1.xls for details.

A better comparison can be found by thinning downcast files. All downcast files were thinned to 1 point every 5db between 0 and 50db and the deepest value was also included. When the ratio ECO/SeaPoint was plotted against SeaPoint Fluorescence the pattern is similar to that found in the bottle files, but having a much bigger range the interpretation of the pattern is not so simple. The ratio ECO/SeaPoint is about 2.5 when the SeaPoint is close to 0 and falls fairly rapidly to 1.5 when SP~0.5ug/L. When SP fluorescence is between 1 and 2.4ug/L, the ratio is close to or less than 1. The ratio then starts to rise again reaching about 2 when SP~5ug/L. There are few points with high SP values, but it does appear that the ratio starts to fall again with ECO lower than SP for the two highest values. There is a lot of noise in the plot but the pattern does look clear for the lower concentrations, at least. Why would the ratio fall and then rise again? 

One possible explanation is that there is a slight vertical offset and above the maximum one sensor would look higher but then be lower below the peak. However, examination of profiles does not show any systematic offset, with one sometimes above the other. Often one profile has a much sharper peak than the other, but again it is not systematic. The data came from metre-averaged files, so some of this may just be an averaging effect.  
The only conclusion is that the ECO reads higher than the SeaPoint at low values and that the relationship between the two sensors is very complex. 
5 Conversion of Full Files from Raw Data
All files were converted using 2012-58-ctd.con. 
A few casts were examined and all expected channels are present. 
· The descent rate was steady and high for the two casts that sampled below the surface. 

· The altimetry looks useful but there are sometimes spikes at the bottom.
· The two temperature and conductivity channels are reasonably close during the downcasts but they differ much more during upcasts. The conductivity channels are similar. There is often more noise in one T/C pair than the other during upcasts, but sometimes this is in the primary and sometimes the secondary.
· The SeaPoint fluorescence channel is lower than the WetLabs ECO fluorescence at most depths. 
· The pH and Surface PAR channels contain no signal, so the files were reconverted without them. 

· DO and transmissivity look normal.
6 WILDEDIT

Program WILDEDIT was run to remove spikes from the pressure, conductivity & temperature only.  
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.

7 ALIGN DO

The setting used to align the DO raw voltage for the 3 previous cruises that used the same equipment was +3.0s relative to pressure.

ALIGNCTD was used to advance the DO Voltage by 3.0s relative to the pressure.

A few casts were examined before and after this step and the results look good.

8 CELLTM

The upcast data are extremely noisy so the usual tests for CELLTM settings are not helpful. For 2012-05 and 2012-57 from June and July 2012 the settings that looked best were (α = 0.03, β=9) for the primary and (α = 0.02, β=7) for the secondary. However, for 2012-16 in between those 2 cruises the secondary seemed better with (α = 0.03, β=9). The secondary T/C pair was not chosen for archiving for that cruise due to some possible problems in the plumbing; that may also account for the best setting being different.
Tests were run on a few casts to see if the 2012-05 settings worked well for these data and they did. 
CELLTM was run using (α = 0.03, β=9) for the primary and (α = 0.02, β=7) for the secondary conductivity.

9 DERIVE  
Program DERIVE was run twice: 

on all casts to calculate primary and secondary salinity and dissolved oxygen concentration.

on 2 casts that sampled to 200db 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.
10 Test Plots and Channel Check

The casts mentioned above were plotted to check for agreement between the pairs of T and C sensors. These are shallow casts so the differences tend to be noisy. For comparison a few casts from other June/July cruises are included in the table below.
	Cast #
	Press
	T1-T0 
	C1-C0
	S1-S0
	Descent Rate

	2012-05-0032
	250
	 +0.0001
	+0.00015
	+0.0018
	Steady, high

	2012-05-0039
	350
	 +0.0002
	+0.00014
	+0.0013
	Steady, high

	2012-16-0001
	220
	 -0.0001
	+0.00025
	+0.0026
	Steady, moderate

	2012-57-0013
	270
	 -0.0002
	+0.00025
	+0.0027
	Steady, high

	2012-58-0072
	205
	 +0.0002
	+0.0001
	+0.001
	V.Steady, high

	2012-58-0081
	240
	 +0.0001
	+0.00006
	+0.0006
	V.Steady, high


From such shallow cruises it is impossible to judge if there is drift in the differences, but it is encouraging that the differences are small. 
11 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 with interpolated values based on record number.
12 Checking Headers

The header check was run.  The average surface pressure was 0.8db and there are many cases of extremely low salinity values. For example the salinity at 0.6m for cast #1 is given as 3.08. Examination of the cast shows that pumps were not turned on when that value was recorded. After a short time in water the salinity rises and when the pumps were turned on values rose further, so at about 0.8db the salinity was >26. In contrast during cast #24 the salinity was 13 as acquisition started and pumps were off. When pumps were turned on the salinity fell to about 2 at .8db. Both are probably reasonable as cast #24 was at the head of an inlet while #1 was in Barkley Sound. Upcast data show similar values when the CTD gets back to about 1db. It is normal to have the CTD acquisition begin after pumps are turned on and after an initial soak. There is no evidence that the CTD pressure is reading too low.
The cross-reference check was compared with the log book. The only problems found were 4 cases with station names that did not match those in the log book. Those were fixed using a text editor. The errors were in casts that did not include rosette sampling.
The cruise track was plotted and added to the end of this report. No problems were found.
An initial header check showed there are spikes in many variables – a check of a few showed them all to be at the surface, so unlikely to be a problem. 
The altimeter readings and bottom depths from the headers of the CLN and MRGCLN2 files were exported to a spreadsheet. There were 5 cases with depths that differed a little from the log entries; in some cases the values had been corrected in the log book but not in the header. The headers were corrected to match the log when the difference was more than 1m. None of the affected casts were rosette casts. No problems were found in the altimeter header entries for the selection of casts that were checked. 
13 Shift
Fluorescence

Tests were run on the two deep casts to see what SHIFT value should be used to make the offset between the downcast and upcast fluorescence trace look like that of the temperature trace. The noisiness of the upcast temperature traces makes this a difficult judgment, but the value used on other recent uses produce reasonable results. SHIFT was run on all casts to advance the ECO fluorescence channel by +12 records and to advance the SeaPoint fluorescence by +24records.
Conductivity
Tests were run on the two conductivity channels by using a variety of shifts on 2 casts and then examining the results on a T-S plot to see what setting best minimizes unstable features without oversmoothing. The results looked best overall when a shift of -0.5s was applied to the primary and a shift of -1.0s to the secondary conductivity. The shifts are the same as found during 2012-05 and 2012-57. 

SHIFT was run twice on all casts using those settings.
Dissolved Oxygen 
The Dissolved Oxygen voltage channel was aligned earlier. A few casts were checked to see if further alignment is needed for the DO concentration channel, but this does not appear necessary. Comparing distinctive downcasts features in DO and temperature shows good depth correspondence.
14 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 was for cast #57 which contains only surface data. This was done to fire 2 bottles. The bottle file will be processed, but no CTD file will be prepared.
15 Other Comparisons

Previous experience with these sensors – 

Salinity: 

The conductivity sensors were both recalibrated in late March 2011 and were used for 6 cruises in 2011 and more recently for 2012-05, 2012-16 and 2012-57. For cruise 2012-05, run shortly before this cruise, all samples were analyzed within 10 days of collection but there were some stability problems with the Autosal. The primary salinity was found to be low by 0.0012 and the secondary high by 0.0004. For 2012-16 the samples were stored for >4 months and sampling was shallow and for 2012-57 samples were stored for 2.5 months.
Dissolved Oxygen 

The DO sensor was repaired and recalibrated in March 2011. The method for calibrating the DO sensors changed recently. The only cruises run since then using the new method are 2012-05, 2012-16 and 2012-57.  For all of them two corrections were applied, a first slope correction of 1.0704*DO,, 1.0516*DO and 1.055*DO followed by a small linear correction to profile data only which was DO-dependent for the first and pressure dependent for the other two.
Pressure

The sensor was recalibrated in April 2011 and was used for 2011-44, 2011-16, 2011-26, 2011-09 and 2011-27 and 2011-17. No further offset was applied to any of those cruises. During 2012-05 it was found that there were many negative pressure values corresponding to “in-water” CTD values. A correction of +0.5db was applied to the pressure. This produced reasonable values for near-surface bottle stops. The same setting was sued for 2012-16 and 2012-57.
Historic ranges – No local climatology was available.. 

Repeat Casts – There were no repeat casts.
Post-Cruise Calibration - There were no post-cruise calibrations available.
16 DETAILED EDITING

The bottle comparison is not trusted. During 2012-05 and 2012-57 the secondary channels were thought to be more accurate than the primary. During 2012-16 the primary channels were selected because of some bad data seen in one cast in the secondary pumped channels. For this cruise there was also one cast that had a short section with bad primary salinity, but there was an explanation that a jellyfish tentacle got in the T/C duct. The secondary data generally look noisier than the primary. Since the cast with problem primary data was not a rosette cast and the primary generally look better and will require only minimal editing, the primary channels were selected for editing.
CTDEDIT was used to clean or remove spikes in salinity that appear to be due to instrumental problems and likely to affect the bin-averaged values and records corrupted by shed wakes including some surface and bottom records. Editing was light for all casts.
For cast #72 the conductivity was bad for a section at the bottom, so the salinity only were removed between 208.5 and 210.5db. The temperature looks ok so was left in the file. It is not clear if the secondary conductivity channel is better or not. Before the SHIFT step it seemed ok, but looks the same as the primary after it is shifted. It seems likely that both are affected. No other data seems to be affected though it is impossible to judge fluorescence at that depth. Dissolved Oxygen seems ok but again changes slowly so it is hard to judge.
For cast #2 since data were removed from more than 1m at the bottom of the cast, the altimetry header value was adjusted by the amount of data removed.

All edited files were copied to EDT.
At least one file (#68) has off-scale values in the SeaPoint fluorescence channel with values getting “stuck” at values 49.045 and 49.060ug/L, so CLEAN was used to replace any values between 49.05 and 50ug/L with pad values. 
17 Initial Recalibration
The pressure data appear to be ok with the updated configuration file, so further recalibration is unnecessary.

The salinity comparison is weak because of bottom sampling and a delay in analysis. The difference between the primary and secondary salinity looks very similar to that seen during 2012-05, suggesting that there has not been much drift in the CTD sensors. At that time the primary sensors were found to be low by ~0.001 and the secondary sensors were very close to bottles. 

There was no DO sampling, so recalibration can only be based on earlier cruises. Other recent cruises sampled very different DO regimes, so this can only be a very rough recalibration. The results of 2012-57 will be applied:
Corrected DO = 1.055 * CTD DO
CALIBRATE was run using file 2012-58-recal1.ccf to apply the dissolved oxygen correction to the EDT files. A second calibration was applied to downcast files only based on 2012-58:

Bottle DO = DO:SBE +0.0006*Pressure – 0.1716
18 Special Fluorometer Processing

The two fluorometer channels were put through a filter, size 11 to reduce spikiness.
19 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 and no further editing appeared to be necessary.

20 Final CTD File Steps (REMOVE and HEADEDIT)
REMOVE was run on all casts to remove the following channels:
Scan_Number, Temperature:Primary, Salinity:T0:C0, Conductivity:Primary, Conductivity:Secondary, Oxygen:Voltage:SBE, Altimeter, Status:Pump, Descent_Rate and Flag 
A second SBE DO channel (with umol/kg units) was added. 

REORDER was run to get the two DO channels together.

HEADER EDIT was used to fix formats and channel names and to add the following comments:

Data Processing Notes:

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

Transmissivity and Fluorescence data are nominal and unedited except that

some records were removed in editing temperature and salinity.

For details on how the transmissivity calibration parameters were calculated

see the document in folder "\cruise_data\documents\transmissivity".

There was no dissolved oxygen sampling, so no estimate can be made of the

accuracy of the SBE oxygen sensor. Results from recent cruises using the same
DO sensor are not considered relevant because the range of DO and DO gradients
vary among cruises. However, recalibration of the SBE Dissolved Oxygen was
applied using the results of cruise 2012-57. 

This is an estimate but the sensor calibration drift is usually fairly slow.

For details on the processing see processing report: 2012-58-proc.doc.


The cross-reference list was produced and no problems were found.
The Standards Check routine was run and no problems were found. 
The Header Check was run and no problems were found.
Profile plots were made and look ok.
The track plot looks ok. 

21 Dissolved Oxygen Study

As a check of dissolved oxygen data, % saturation was calculated and plotted. The surface values varied greatly from about 70% to 160%, with the highest values in southern inlets. Great variability is expected in this area as some casts would be subject to vertical mixing, but most would not. The highest values were in casts which also had high fluorescence values, so biological activity likely accounts for the high oxygen saturations. There are no bottle samples to confirm that the sensor calibration is reasonable.
22 Final Bottle Files 
The MRGCOR1 files were put through SORT to order on increasing pressure. 

REMOVE was run on all casts to remove the following channels:

Scan_Number, Temperature:Primary, Salinity:T0:C0, Conductivity:Primary, Conductivity:Secondary, Oxygen:Voltage:SBE, Altimeter, Status:Pump, Descent_Rate and Flag 

A second SBE DO channel was added with different units and REORDER to get the 2 SBE DO channels together. 

HEADER EDIT was run to fix formats and units, fix a few headers, change the channel name Bottle_Number to Bottle:Firing_Sequence and the name Bottle:Position to Bottle_Number and to add a comment about quality flags and analysis methods and a few notes about the CTD data.
Standards check was run on all files and a few errors were found and fixed.

A header check was run on the final files and no problems were found. 

For a final check the CHE bottle data were exported to a spreadsheet and compared with the rosette log sheets. 
23 Producing final files
A cross-reference listing was produced for CTD and CHE files.
The sensor history was updated.
At the end of processing a check of cast #72 showed that salinity in the bins for 209 and 210db contained just 6 and 1 points in salinity, respectively. This is not sufficient for a reasonable average and the entry fo ‘number of bin records” gives the false impression that there were few data for the other channels as well. So those points were replaced with pad values in the edited file and the processing steps that follow editing were repeated for that cast. 
Particulars 
2. Conductivity jumped by 0.9, jellyfish tentacle in T/C duct, rosette covered in tentacles.

4. Conductivity ok

12. H2S smell bottom 2 bottles

18. steps no H2S at bottom, anoxic below 60m

20. Anoxic below 78 / -5cm pressure offset.

23. H2S smell bottom 3 bottles

24. Anoxic below 28

25. Very close to bottom / -0.1m pressure offset

26. -0.1m pressure offset

33, -0.16db offset

57. Short cast to fire 2 bottles

79. -7cm offset on deck.

Institute of Ocean Sciences
CRUISE SUMMARY     
CTDs

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

	1
	SEABIRD
	911+
	0550
	Yes
	Yes


	Calibration Information CTD #506

	Sensor
	Pre-Cruise
	Post Cruise

	Name
	S/N
	Date
	Location
	Date
	Location

	Temperature


	2374
	1Apr2011
	Factory
	
	

	Conductivity


	3396
	29Mar2011
	Factory


	
	

	Secondary Temp.


	
2668
	1Apr2011
	Factory


	
	

	Secondary Cond.
	2754
	  29Mar2011
	Factory


	
	

	Transmissometer


	1185DR
	Jan2012
	IOS
	
	

	SBE 43 DO sensor
	1176
	1Apr11
	Factory
	
	

	SBE Fluorometer
	2356
	
	
	
	

	Eco-AFL Fluorometer
	2215
	Aug2012
	
	
	

	Pressure Sensor
	75636
	13Apr2011
	Factory
	
	

	Altimeter
	?
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