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PROCESSING NOTES
Cruise: 2016-52




Agency: Ocean Networks Canada / NRCan
Location: Saanich Inlet / Strait of Georgia / Hecate Strait
Projects: ONC/NRCAN Strait of Georgia & NRCAN North Coast Marine Geohazards
Party Chiefs: Macoun P.
Platform: John P. Tully
Date: April 29, 2016 – May 10, 2016
Processed by: Germaine Gatien

Date of Processing: 7 November 2016 –24 January 2017
Number of original HEX files: 51
Number of CTD files: 51
Note: 44 BOT files were prepared for possible later use – not intended for OSD_DATA_LIBRARY
INSTRUMENT SUMMARY
SeaBird Model SBE 911+ CTD (#0443) was used for this cruise. It was mounted in a rosette and attached were a WetLabs CSTAR transmissometer (#1185DR), a SBE 43 DO sensor (#0997) on the secondary pump, a SeaPoint Fluorometer (#3640) on the primary pump, a pH sensor (#0692) and an altimeter (62354). 

The data logging computer was the Tully CTD Laptop (Acer).

The data acquisition program was Seasave.

The CTD deck unit was an SBE model 11+, #425.

There were 24 10L bottles mounted on an IOS Rosette.
SUMMARY OF QUALITY AND CONCERNS
The Daily Science Log book lacked a list of Scientific Personnel. There was a complete equipment list.  
There were no bottle samples available at the time of processing, but some sampling had been done, so 44 BOT files were prepared with CTD data from a 10s window centred on the time of bottle firing. These will not be placed in the OSD Data archive, but they are available, if needed.

The fluorescence gain setting entered in the configuration file used at sea was 30X which would be an unusual choice for a spring cruise. The log book indicates that the gain was 10X and during cruise 2016-47 it was found that the configuration file was incorrect and it was changed from 30X to 10X. The data from this cruise were processed assuming a 10X cable was in use and the values look reasonable. There was no extracted chlorophyll sampling.

The pH:SBE:Nominal channel was removed from events #30 because the vial was left on the sensor. 

WARNING: The pH:SBE:Nominal data should be used with caution; no field calibration data were available at the time of processing.  Calibration is required for each cast to get absolute values, although   general trends within a cast are likely real. 

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. There was sampling from rosette bottles, but none of the analysis was done at IOS. There were dissolved oxygen samples analyzed at UVIC but all bottles were from the bottom of casts and were analyzed using old equipment. 
The history of the pressure sensor, conductivity and DO sensors were checked. 
The only change to the XMLCON files through the cruise was to correct the transmissometer parameters. The calibration constants were checked for all instruments and there were some errors:

· The gain setting for the fluorometer was entered as 30X whereas the log indicates it was 10X. During cruise 2016-47 it was discovered that the configuration file was wrong. The 10X cable was in use at that time and it is believed it was also in use for this cruise.

· The calibrations entered for the pH sensor were out of date. There was a January 2016 factory calibration available.

· While not an error, the pressure sensor was found to be reading too high when used during 2015-54 and an offset of -0.6 was used in recalibration. That cruise frequently had the CTD right at the surface, so there was good evidence available. So for this cruise an offset of -0.5476db (factory offset +0.05243db – adjustment 0.6db) is appropriate. There was also evidence from 2016-47 which followed this cruise that the pressure adjustment of -0.6db was reasonable.

The corrected file was saved as 2016-52-ctd.xmlcon.
(Note that a further pressure adjustment of +0.4db was made later in processing.)
3 Conversion of Full Files from Raw Data

All hex files were converted using 2016-52-ctd.xmlcon to create CNV files.

A few casts were examined.  All expected channels are present. The primary and secondary temperature and conductivity channels are reasonably close during downcasts, but as usual the upcasts differ more due to noise in both channels. Dissolved oxygen, altimetry and transmissivity profiles look normal. The descent rate was generally fairly high and steady.
4 BOTTLE FILE PREPARATION 
The ROS files were created using file 2016-52-ctd.xmlcon.
The ROS files were converted to IOS format.  They were put through CLEAN to create BOT files.
Temperature and salinity were plotted for all BOT files to check for outliers and no problems were seen that required editing.
A preliminary header check was done and no problems were found. Fluorescence did not go off-scale.
5 WILDEDIT

Program WILDEDIT was run to remove spikes from the pressure, conductivity & temperature only in the full cast files (*.CNV).  

Parameters used were: 
Pass 1    Std Dev = 2 
Pass 2    Std Dev = 5 
Points per block = 50

The parameter “Keep data within this distance of the mean” was set to 0 so all spikes would be removed.

6 ALIGN DO

Tests were run to determine which setting was best for aligning DO with temperature. In 2015 a setting of +3.5s was used but for 4 cruises run shortly after this one a setting of between 2.5s and 3s looked best overall. For this cruise +3s sometimes looks too high, sometimes too low, but best overall.
ALIGNCTD was run on all casts using +3s. 
7 CELLTM

The noise in the upcast makes the tests for the best parameters for this routine very difficult to interpret. Tests on previous cruises using these sensors showed the default setting of (α = 0.0245, β=9.5) did the best job and it does improve the data for both conductivity channels for these data.
CELLTM was run using (α = 0.0245, β=9.5) for both the primary and secondary conductivity.

8 DERIVE and Channel Comparisons
Program DERIVE was run on all casts to calculate primary and secondary salinity and dissolved oxygen concentration.

Tests are usually run at this point to see if the differences between sensor pairs have changed significantly. Unfortunately, the deepest cast was <400m, so the results are not very reliable for conductivity and salinity which are somewhat depth dependent. This is likely because higher vertical gradients make good alignment of conductivity and temperature more critical.  DERIVE was run a second time on the deepest cast to examine differences between sensor pairs. Differences from other cruises using the same equipment are also shown with dark shading.
	Cast #
	Press
	T1-T0 
	C1-C0
	S1-S0
	Descent Rate

	2015-10-0099
	500
	-0.0011
	-0.00016
	-0.0009
	High, Very Noisy

	
	1000
	-0.0010
	-0.00006
	+0.0004
	“

	
	1900
	-0.0013
	-0.00003
	+0.0010
	“

	2015-19-0097
	350
	-0.0004
	-0.00003
	+0.0008
	High, V.Steady

	
	400
	-0.0003XN
	-0.00006VN
	+0.0015VN
	“

	2015-54-0057
	450
	-0.0011
	+0.00003
	+0.0013
	High, Moderate

	2015-54-0373
	450
	-0.0008
	+0.00025
	+0.0033
	High, Steady

	2016-52-0022
	290
	-0.0015
	-0.00001
	+0.001
	

	2016-41-0001
	410
	-0.0015
	+0.00010
	+0.0024
	High, Steady

	2016-41-0013
	410
	-0.0016
	+0.00016
	+0.0026
	F High, V Steady

	2016-41-0033
	410
	-0.0013
	+0.00012
	+0.0026
	High, Noisy

	2016-47-0039
	1000
	-0.0019
	+0.0001
	+0.0032
	High, V Noisy

	
	1900
	-0.0018
	+0.0002
	+0.0040
	“

	2016-47-0069
	400
	-0.0022VN
	-0.00004
	+0.0022VN
	High, V Noisy

	
	1000
	-0.0019
	+0.0001
	+0.0036
	

	
	1900
	-0.0017
	+0.0001
	+0.0039
	“


The differences for conductivity and salinity appear to be smaller than before or after this cruise. The temperature difference looks very close to the cruise that followed it.
9 Conversion to IOS Header Format

The IOSSHELL routine was used to convert SEA-Bird 911+ CNV files to IOS Headers. 
CLEAN was run to add event numbers. 
10 Checking Headers

A cross-reference list was checked against the log book. The only error found was in the station name for event #38 which was changed from ADCP to ADCP1. The station called DELTA in the log was entered as DN in the file headers; that appears deliberate, so no change was made. The times in the headers are a few minutes earlier than those in the log book, but the former would come from when the file was started and the latter is likely from when acquisition started; no changes were made.
A header check was run. A few potential problems were investigated:

· The pH ranged shows some bad pH values during cast #1. There was a patch near the bottom of the downcast with negative values for pH; temperature and conductivity look odd in that area. The pumps were on, but it is possible that something was blocking the flow. This should be examined carefully at the editing stage. Rerunning the Header Check without cast #1 turned up no other problems.
· Fluorescence values were near the maximum during casts #5 and 6. Examination of the profiles shows single-point peaks, so this does not look like the fluorescence went off-scale. 

The cruise track was plotted in two sections (South and North) with separate plots for event numbers and station names. These were added to the end of this report. 
Surface check was run and shows an average surface pressure for the cruise was 2.5db which is lower than usual for the Tully, but reasonable for the study area which was mostly in protected waters. Some surface salinity values were very low, but again, given the area these are not unreasonable.
At the end of cast #39 the CTD was left running on deck for 5 minutes. The pressure read ~0.4db which is within the manufacturer’s stated accuracy. The pumps were running for most of that time. There was a sudden drop in conductivity just as the pressure reached 0.4db and transmissivity is very high briefly, but salinity then returned to in-water values despite the pumps still being on and transmissivity is fairly low, though that could be due to some surface debris on the lens or something else blocking light. Evidence from a single deck measurement is not strong, but given that a further offset of about 0.45db was found appropriate for cruises in June, July and August of 2016, recalibration by subtracting 0.4db is justified. 
The altimeter and depth readings from the headers of the CLN files were exported to a spreadsheet to check that they are reasonable. A rough check was made by subtracting the altimeter reading from the depth entered in the header to find the maximum depth sampled. That was then compared with the maximum pressure recorded in the files using a rough estimate that depth is ~99% of pressure. When those two estimates differed by more than 2m, the bottom depth was checked against the log book. Sometimes editing the bottom depth in the file was sufficient to make the altimetry reading <2db. If the depths agree with the log and the check value was <3db, no further check was made. Where it was >3db a plot was made to see if the altimetry reading was reasonable. Despite many spikes near the bottom, the header altimetry entries all look reasonable. 

11 Shift
Fluorescence

SHIFT was run on the SeaPoint fluorescence channel in all casts using the usual advance of +24 records. Examination of plots after this step shows that the fluorescence offset is reasonably close to the temperature offset.
Dissolved Oxygen 

The Dissolved Oxygen voltage channel was aligned earlier. A few casts were checked to see if the alignment looked ok, and as usual, there is a lot of variability with the up and downcast traces sometimes closer than temperature and sometimes further apart. This is likely due to varying vertical gradients. Overall the choice made earlier looks appropriate, so no further alignment was applied.
Conductivity
Tests were run on 4 casts using a variety of shifts and the results varied from cast to cast and feature to feature with only small differences among them. The choice for the last 2 cruises when these sensors were used was -0.2 records for the primary and -0.8 records for the secondary. For this cruise the best result was with no change to the primary conductivity and a shift of -0.6 records to the secondary.
SHIFT was run twice on all casts using those settings.
pH

The pH sensor clearly needs alignment as it lags the temperature and the offset between downcast and upcast pH is much larger than that of temperature. The last time the sensor was used the shift applied was +30 records though higher settings have been used in the past. The judgment is always difficult for a sensor with so much hysteresis, but for these data it was particularly so because there were many bottle stops. An advance of +30 records improves the alignment, so it was applied. 
SHIFT was run on all casts using +30 records.

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. 
The DEL files were copied to *.EDT.

13 Other Comparisons

Previous experience with these sensors – 

SALINITY: The T/C sensors were used during 2015-10, 2015-21, 2015-19 and 2015-54. The primary and secondary salinity were both found to be low by ~0.002 for 2015-10. They were low by 0.0045 and 0.0032, respectively, for 2015-21, but delayed salinity analysis reduced the reliability of those results. For 2015-19 salinity was low by 0.0051 and 0.0076 but analysis was delayed and salt crystals were found on some bottles and incomplete flushing of Niskin bottles was likely a problem. During 2015-54 salinity was found to be low by 0.008 and 0.0055, but it was likely that Niskin bottles hadn’t flushed well. 
PRESSURE: During 2015-54 there was sampling close to the surface and pressure was found to be high by ~0.6db. 
DISSOLVED OXYGEN: The last trusted comparison of DO with calibration samples before this cruise was from 2015-21 in Sept 2015. After this cruise the next comparison that was trusted was from 2016-47. That result was also applied to 2016-41 

Experience with these sensors after this cruise

There were 4 cruises after this one that used the same equipment. Temperature sensors were found to be further apart than normal, so the primary temperature was recalibrated to bring it into line with the secondary, salinity was recalculated and then both salinity channels were recalibrated. 0.002psu was added to the secondary for 2016-41 and 2016-47, 0.0015 for 2016-06 and no adjustment for 2016-12.

For the 2 cruises that followed this one, the pressure offset used was the same as in 2015, but for 2 cruises in June and July the offset was increased by ~0.45db.

The dissolved oxygen fit for 2016-47 in late May was applied to 2016-41 (mid-May) as well since the latter was not trusted. 
Historic ranges – Profile plots were made with 3-standard deviation climatology ranges of T and S superimposed. Local climatology was not available for the northern stations and for some of the southern sites. All salinity data were within the local climatology except for some low salinity values between 25 and 45m during cast #10 at station S6. Temperatures were above the climatology maximum between about 50 and 120m for the shallower casts in the Strait of Georgia (stations EN and DDL), and there were a few warm features at mid-depths in Saanich Inlet and a warm patch near the surface at S6. The deeper casts (C-Node and BBL) fell entirely within the climatology. Some of the excursions are probably due to casts at sites not well represented in the climatology. These excursions are not considered evidence of calibration problems. 
Repeat Casts – There were some repeat casts but they were too shallow to expect good repeatability.
Post-Cruise Calibration – There were no post-cruise calibrations available.
14 DETAILED EDITING
The primary channels were selected for archiving for only 1 of the other 8 cruises that used this equipment. The secondary channels have slightly less spiking in these files, so they were selected for editing and archiving.
CTDEDIT was used to remove large spikes, remove or clean smaller spikes that appear to be due to instrumental problems and likely to affect the bin-averaged values and records corrupted by shed wakes including some records from near the top and bottom of the casts. All casts required editing.
The pH:SBE channel was checked for cast #1 to see if the bad data had been removed in the CTDEDIT stage. Bad records remained so they were replaced with pad values in the EDU file. 

The EDU files were copied to *.EDT files.
15 Initial Recalibration
The pressure offset will be adjusted by subtracting 0.4db.
This cruise was the first of 2016 to use this equipment. For the 3 cruises that followed it the temperature sensors were found to be significantly different and the differences may have been increasing. For those 3 cruises, the primary temperature was adjusted to match the secondary based on a judgement that the secondary salinity was closer to bottles than the primary. Salinity was then recalibrated and further adjustments were made to the two salinity channels based on a bottle comparison. The difference between the two temperature channels is also high for this cruise. We have no bottle comparisons available, so the 2016-41 recalibration file for temperature, salinity and dissolved oxygen will be applied to this cruise as well since they were within a few weeks of each other. 
CALIBRATE was run on the EDT files using file 2016-52-recal1.ccf to subtract 0.4db from the pressure channel, to subtract 0.0015 from the primary temperature, to recalculate primary salinity and to correct the Oxygen:Dissolved:SBE channel in the SAM and MRGCLN2 files using:

CTD DO Corrected = CTD DO * 1.0208 +0.0377   

Then a second run of CALIBRATE was made using file 2016-52-recal2.ccf to add 0.004 to the primary salinity and 0.002 to the secondary salinity. 
16 Fluorescence Processing 
A median filter, size 11, was applied to the fluorescence channel in the COR1 files. Plots of a few casts showed that the filter was effective. (Output:*.FIL)
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.

On-screen plots were examined. The T-S plots look fine. 
Profiles were examined alone and in groups of nearby casts and the only outlier noted was the pH profile for cast #30. There is a note in the log about the vial not having been removed from the pH sensor for that cast, so the channel should be removed.
18 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.
Also, pH was removed from event #30.

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".

Dissolved oxygen was calibrated using the method described in SeaBird 

        Application Note #64-2, June 2012 revision, except that a small

        offset in the fit was allowed.

WARNING: The pH:SBE:Nominal data should be used with caution; no field calibration

        data were available.

        Calibration is required for each cast to get absolute values, although general

        trends within a cast are likely real.

For details on the processing see document: 2016-52_Processing_Report.doc.

A note was added to file 330 to explain by the pH channel as removed.

The Standards Check routine was run and no problems were found. 
The Header Check was run and a one problem with units was found and fixed.
A file list was produced and looks fine. The track plot looks fine. 

19 Dissolved Oxygen Study

As a final check of dissolved oxygen data, % saturation was calculated and plotted. Values ranged from 95% to 155%, with the highest values in Saanich Inlet, and the lowest in the Strait of Georgia. The Douglas Channel casts were intermediate, ranging from 105% to 115%. Near-surface vertical gradients of Dissolved Oxygen varied in a similar way with the highest in Saanich Inlet. These values seem reasonable, but the evidence is too weak to suggest how accurate the DO data are.
20 Producing final files
A cross-reference listing was produced for CTD files.

The sensor history was updated.
Particulars 
12. Transmissometer parameters changed.

28. NMEA keeps freezing.

30. pH vial left on for this cast.

39. CTD left running for 5 minutes on deck.
CRUISE SUMMARY

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

	1
	SEABIRD
	911+
	0443
	Yes
	Yes


	Calibration Information

	Sensor
	Pre-Cruise
	Post Cruise

	Name
	S/N
	Date
	Location
	Date
	Location

	Temperature


	2106
	17Dec2014
	Factory
	
	

	Conductivity
	2280
	  19Dec2014
	Factory


	
	

	Secondary Temp.


	
2663
	15Jan2015
	Factory


	
	

	Secondary Cond.


	2754
	19Dec2014
	Factory


	
	

	Transmissometer


	1185DR
	5Feb2014
	IOS
	
	

	SBE 43 DO sensor
	0997
	17Jan2015
	Factory
	
	

	pH
	0692
	12Jan 2016
	IOS
	
	

	SeaPoint Fluor.
	3640
	n/a
	
	
	

	Pressure Sensor
	0443
	17Dec2014
	Factory
	
	

	Altimeter
	62354
	n/a
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