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INSTRUMENT SUMMARY
SeaBird Model SBE 911+ CTD (#0550) was used for this cruise. Attached were a Wetlabs CSTAR transmissometer (#1396DR), an SBE 43 DO sensor (#1176) and a WET Labs ECO_AFL Fluorometer (#2215)  on the primary pump and an SBE18  pH sensor (#0851).
The deck unit was a Seabird model 11. 

The salinometer used at IOS was a Guildline model 8400B Autosal, serial # 68572. 

SUMMARY OF QUALITY AND CONCERNS
The Daily Science Log was in good order. Notes about errors in file headers were very helpful.
Salinity calibration sampling was done at about 9 to 10m depth. The Niskin bottles were about 5m above the CTD bottles and there were generally large salinity gradients near the surface. It was not surprising to find great variability in the comparison of salinity from the CTD and bottles. This type of comparison is only useful for calibration purposes if the surface waters are very well mixed. Fortunately, factory calibration reports were available, but there were 3 cruises after this one before the date of those checks. A correction to salinity was made based on the assumption that the drift was roughly linear with use of the sensors. Salinity error due to calibration drift is likely very small, <0.001, but there are other sources of error, the most serious and hardest to quantify being corruption of data due to shed wakes. Where they were obvious, such corrupted data were removed. Overall, shed wakes did not appear to be a big problem in these data.
The CTD ECO Fluorometer data was compared with extracted chlorophyll samples from Niskin bottles fired around 9 to 10m depth. The usual pattern was found with the CTD fluorescence reading about 80% of the CHL on average. For low CHL (<1.5ug/L) the fluorescence is 1 to 2 times the CHL, but it quickly falls to about 0.8 times CHL for higher values. There is a lot of variability in the fit of fluorescence against CHL, likely due to the rough nature of the comparison as well as high temporal and vertical variability in these waters. 
The fluorometry traces show fewer spikes than expected so the sampling rate was probably set lower than usual. That setting is entered directly to the ECO sensors, not by means of the configuration file.
There was no dissolved oxygen sampling so the results of a previous cruise were used to recalibrate that channel. The surface oxygen saturation values varied widely, but looked reasonable; the lowest values were in areas where vertical mixing was strong and higher values seen where temperature gradients were high.
PROCESSING SUMMARY 
1. Seasave
This step was completed at sea; the raw data files have extension HEX.
2. Preliminary Steps

The Log Book was obtained. There were notes about station names that were wrong. In reading the log it was noted that the file name for the event at QCST16 was saved with the wrong name.  So file 2014-36-0065.cnv was changed to 2014-36-0066.cnv.
There was an XMLCON file for event #25 as well as salinity, nutrient and chlorophyll samples, but no hex file. It is likely the hex file was accidentally overwritten.

The same configuration file was used throughout the cruise. 

The cruise summary sheet was completed.
The history of the pressure sensor, conductivity, fluorometer and DO sensors were obtained. 
The extracted CHL, nutrient and salinity analysis spreadsheets were obtained and the data from each were combined in spreadsheet 2014-36-bottles.xlsx.

The calibration constants were checked for all instruments. The only change made was to the dissolved oxygen factor E (from 3.6 to 3.75) to reflect tests run using 2014-01 data to fine-tune the hysteresis setting. This will not affect this cruise since the hysteresis correction will not be needed, but it was changed to avoid confusion in the future. 
3. Conversion of Full Files from Raw Data
All files were converted using con file 2014-36-ctd.xmlcon with hysteresis correction turned off. 
Station names were fixed in files #26, 66 and 111 based on log notes.

A few casts were examined and all expected channels are present.
The two temperature and conductivity channels are fairly close to each other during the downcasts but are a little noisier in the upcasts. There are a few more spikes in the secondary conductivity than the in the primary. 

The fluorometer, pH and dissolved oxygen traces look normal.
4. 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.

5. ALIGN DO

A setting of +4s was used during 2014-01 to advance the DO voltage. Checks of the offset between distinctive features in T and DO suggest that +4s is right for this cruise too.  
ALIGNCTD was used to advance the DO Voltage by 4s relative to the pressure.

Plots were examined before and after that step and the results with +4s look good.

6. CELLTM

Tests were run on 4 casts to see what settings are best for this step. There is little difference among the various choices tested but overall settings of (α = 0.03, β=9) looked best for both sensors.
CELLTM was run using (α = 0.03, β=9) for both the primary and secondary conductivity.
7. DERIVE
Program DERIVE was run twice: 

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

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

When these sensors were used during 2014-01 there was so much noise in the data that no reasonable comparison could be made between channels. For cruises 2014-16 and 2014-17 and this cruise, the casts are all shallow making comparison less reliable than if we were looking at very low gradient zones. The deepest sampling was to about 250m, so 2 casts each from the 2 previous cruises were compared with 4 from this cruise at 240db. The differences were:

	Cast #
	Press
	T1-T0 
	C1-C0
	S1-S0
	Descent Rate

	2014-16-0224
	240
	+0.0003
	+0.00013
	+0.0011
	Fairly steady

	2014-16-0087
	240
	+0.0004
	+0.0002
	+0.0017
	Fairly steady

	2014-17-0155
	240
	-0.0001
	+0.0004
	+0.0006
	

	2014-17-0170
	240
	-0.0002
	-0.00005
	-0.0004
	

	2014-36-0016
	240
	-0.0003
	-0.00003
	~0 noisy
	Fairly steady

	2014-36-0141
	240
	-0.0002
	-0.0001
	-0.0013
	Fairly steady

	2014-36-0162
	240
	-0.0004
	-0.0001
	-0.0011
	Fairly steady

	2014-36-0174
	240
	-0.0002 
	-0.0002
	-0.0017 N
	Fairly steady


The differences are all small, but the signs have changed since the last use and there is at least a hint of calibration drift for the conductivity. There are other possible causes of change between and during cruises; something might change the alignment between sensor pairs and gradually shifting local gradients could affect interpretation, but it looks like there is some drift.  
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 with interpolated values based on record number.
10. Checking Headers

The header check was run. This showed that at least one cast had a surface spike with negative fluorescence, so CLEAN was rerun on all files with an option selected to replace negative fluorescence values with pad values.
The surface check gave an average value of 3.7db which is not out of line for the Ricker. There were a few slightly negative pressures with in-water salinity values, but they were isolated and seen only at the end of casts after the pumps were turned off. These definitely look to be due to electronic problems, not calibration problems. The pressure seems reasonable.
The cross-reference check was compared with the log book and no errors were found thanks to the log notes that enabled fixing errors early in the processing. 

The cruise track was plotted and added to the end of this report. No problems were found.
11. Shift
Fluorescence
A shift of +12 is the usual setting used to align the Wetlabs ECO fluorescence with temperature. Tests were run on 10 casts and the results look generally ok, though it is hard to tell for many casts because fluorescence variations are very small.
SHIFT was run on all casts to advance the ECO fluorometer by +12 records.

pH

Because of hysteresis in the pH signal, tests are best run on casts with distinctive features in the pH traces. This was done by finding the distance between such features in the upcast and downcast and comparing that with the temperature offset after applying a variety of shifts. Settings of +50 records looked best for some features and +60 records produced good results elsewhere. 

SHIFT was run on all casts with the setting +55 records.

Conductivity
Tests were run on 4 casts using a variety of settings to see which shift produces reasonably stable T-S plots. The best results were found by using -0.7 records for the primary conductivity and -0.9 records for the secondary. 
Two runs of SHIFT were used to apply advance the primary by -0.7 records and the secondary by -0.9 records. 
Dissolve Oxygen
Checks were made of the alignment of DO and temperature and the shift applied earlier appears to have done a good job though, as usual, for some features it was too little or too much. 

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: None of the warnings will affect the data to be archived as they concern pressure spikes during the upcast, mostly right at the surface.
The SHFC1 files were put through REVERSE and then DELETE to produce upcast files to be used in the comparison with samples. 

13. Comparisons of CTD and bottle samples
Judging by plots of pressure versus scan numbers the CTD was stopped between 13.5 and 15.5db, with a median value of about 14.5db. It would be very time-consuming to select data from the right depth for each cast and there is some uncertainty about exactly when the bottle closed so there would always be some error. Choosing a median value of 9.5db (Niskin bottle was mounted 5m above the CTD) to match the samples is a practical choice.
The DEL and DELREV files were bin-averaged (0.25db bins) and then thinned to pressure 9.5db. The data were exported to 2 spreadsheets 2014-36-downcast-ctd.csv and 2014-36-upcast-ctd.csv. The CTD salinity and fluorescence were combined with the bottle salinity and extracted chlorophyll in spreadsheet 2014-36-ctd-bottle-comparison.xlsx. Checks were made to ensure event numbers were matched.
Salinity

Using the spreadsheet differences between the two CTD salinity channels and the bottle files were calculated as well as the ratio of CTD fluorescence to extracted CHL. This was done for both downcast and upcast CTD data. Then the average, median and standard deviations were found for each of these. 

For downcast data versus upcast bottles there was a very high standard deviation in all 3 comparisons and the median was very different from the average. For the upcast data versus bottles this was also true, but to a much less significant degree. 

Plots of downcast and upcast CTD Salinity – Bottle Sal versus event number made it obvious that things were different from cast #108 to the end of the cruise. A check of the cruise track shows that the ship was in inlets through that section. The upcast CTD salinity reads higher than bottles quite consistently in the northern inlets. We expect that the CTD will be carrying some deeper water with it because it is in motion at the 9.5m level, so reading high makes sense and the error would likely be higher if local gradients are higher in the inlet. However, there is the competing factor that Niskin bottles may flush less efficiently in inlets than offshore which would reduce the difference. Interpreting data from this region is too complex to pursue. The differences between downcast CTD salinity and bottles look random in the northern inlets which may be due to more temporal variability.

Turning to the data collected before cast #108 we find that there is still a lot of variability. If we exclude casts for which the differences between the 2 CTD salinity channels is >0.003 or salinity bottle data had been flagged “3” or differences from bottles were >0.1, then the median differences are:  
	 
	Sal0-Sal Bot
	Sal1-Sal Bot

	Downcast CTD
	0.0057
	0.0038

	Upcast CTD
	0.0063
	0.0103


This comparison is based on 26 casts for the primary and 25 for the secondary and the standard deviations are 0.03 for the primary and 0.02 for the secondary. 
There were 2 casts that were fairly well-mixed at the surface (as judged by salinity not changing by more than 0.005 between 4m and 10m). 

· For cast #7 the primary/secondary salinity is lower than the bottle by 0.0048/0.0056 based on the downcast comparison and is higher than the bottles by 0.0006/0.0007 based on upcast CTD data.

· For cast #22 the primary/secondary salinity is higher than the bottle by 0.0110/0.0105 based on the downcast comparison and is higher than the bottles by 0.0004/0.0011 based on upcast CTD data.

So for the 2 well-mixed casts, the upcast comparisons suggest that both CTD salinity channels are fairly close to bottles. The downcast comparison suggests that they are reading high by either 0.004 or 0.010. 
The same sensors were used during cruise 2014-66 in October. Those data were partially processed to see if that provided more useful comparisons. There were 3 casts that looked quite well-mixed at the surface. A comparison of upcast data with bottles showed the primary salinity to be low by 0.010, 0.013 and 0.006, while the secondary was low by 0.014, 0.017 and 0.009.
Every approach to this comparison leads to a different answer.  The difference between the two salinity channels is quite different during upcasts and downcast, often having the opposite sign. It is not surprising that the comparisons are erratic. The surface layer is not well mixed, the CTD was moving upwards at the level where the bottle was fired, the depth of firing is approximate, the wire was likely shedding wakes and the local variability was high. There may also be problems with the flushing of bottles. This sort of comparison is just not useful for recalibration unless there are many casts that are very well-mixed at the surface.
Fluorescence
The comparison between extracted chlorophyll and CTD fluorescence shows no significant difference between upcast and downcast with fluorescence equal to about 80% of the CHL. As usual when the ratio CTD FL/CHL is plotted against CHL, the ratio is between 1 and 2 when CHL< 1.5ug/L, and drops quickly to ~1 as CHL rises. For the 2 highest CHL values it is close to 0.5. It is probably falling gradually but the noise makes it difficult to say. It is tempting to propose a logarithmic fit, but in fact a simple offset looks appropriate for data with CHL>2ug/L.  If a trendline is adjusted by forcing an offset, the flattest fit for both upcast and downcast is with an offset of 0.805. So as a working tool assuming the fluorescence is 80% of the CHL is reasonable; even for low values it works for some, it is just that there are many outliers and the fluorometer never gets quite low enough. Subtracting a dark value might help, but in this area there still seems to be a signal at 250m so we don’t know the value. Test runs looking at comparisons with different dark values were not encouraging. As seen from the salinity comparison, it is not wise to over-interpret these comparisons.
14. Other Comparisons

Previous experience with these sensors – 

Salinity: 

The conductivity and temperature sensors were both recalibrated in late January 2013 and they were used for 3 cruises since then, 2014-01, 2014-16 and 2014-17. Flushing was not considered an issue for the 1st of these cruises and there were many stops for bottles including deep sampling. The primary salinity was found to be low by 0.0037 and the secondary low by 0.001. However, there was a delay in analysis of samples and problems with seals on many bottles that likely led to some evaporation, so both CTD channels were likely within 0.002. There appeared to be some pressure dependence in the primary salinity. The two salinity channels appeared to be within 0.0015 near the surface. 
During 2014-16 both channels appeared to be lower than bottles but flushing problems were likely a factor. During 2014-17 there was no salinity calibration sampling.

Dissolved Oxygen 

The DO sensor was recalibrated in February 2013and has been used on 3 other cruises since then, but only 2014-01 included DO sampling. Those data were recalibrated using slope/offset = 1.0502/+0.0142. During 2014-01 data hysteresis tests were done and factor E was fine-tuned.  
Pressure

The pressure sensor was recalibrated in May 2013 and the factory offset was found appropriate for the 3 cruises during which it was used since then.
Historic ranges – For many casts the only climatology available comes from a large offshore area that is not representative of areas close to shore. There were only a few minor excursions of temperature data above the local climatology maximum. But there were many cases of salinity being well below the minima from about 120m to the bottom. These were found in Queen Charlotte Strait and at 2 casts in Queen Charlotte Sound, T03 and H02. At H03 the salinity data fall in the normal range, but at about 170m they are very close to the minimum. Two casts near Rivers Inlet have no local climatology but the temperature and salinity at 150m look similar to what is seen at those depths in the outlier casts. These outliers look like real variations not the result of systematic instrumental problems or calibration drift. Casts on either side of T03 and H02 are within the climatology and both sensor pairs show the same character. While a pressure error could cause both to look bad it would affect all casts below 120m and that is not the case.
Repeat Casts – 

There were no repeat casts. 
Post-Cruise Calibration

Post-cruise calibrations were obtained from March 2015 for the primary conductivity and December 2014 for the other temperature and conductivity sensors. They show that the primary secondary temperature sensors were reading slightly low, by 0.0008C° and 0.0007°, respectively. The conductivity sensors had drifted so that the primary salinity was low by 0.0026 and the secondary low by 0.0046 salinity units. The combined effect produces primary and secondary salinity low by about 0.002 and 0.004psu. There were 3 other uses of this equipment between this cruise and the factory service, so the error was likely lower for this cruise.
15. DETAILED EDITING

The first issue is to decide which sensor pair to edit. For most casts there is little to distinguish between them, but the primary salinity looks slightly less noisy. For cast #50 the secondary channels look bad while the primary look ok. So the primary T/S channels were selected.
CTDEDIT was used to remove 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 surface records. 
All casts required some editing.

All EDU files were copied to EDT.

16. Initial Recalibration
The pressure does not need recalibration.
The comparison of upcast CTD salinity with bottles was too noisy to produce an estimate of calibration drift, though the 2 well-mixed casts suggested drift was not large. The post-cruise calibration indicates that the primary salinity was low by about 0.002 in March 2015, but there were 3 cruises between this one and that factory check. So an estimate was made that the salinity was low by ~0.001. This should reduce the drift error to ±0.001 but there is also error due to noise in the signal and the effects of shed wakes that may not have been removed in editing.
The only information available about the SBE dissolved oxygen sensor since it was last recalibrated comes from 2014-01, so the correction applied to that data set will also be used for this cruise:
DOX_CTD Corrected = DOX_BOT = 1.0502* DOX_CTD +0.0142
File 2014-36-recal1.ccf was prepared to apply the above correction to the Oxygen:Dissolved:SBE channel and to add 0.001 to the Salinity:T0:C0 channel. 

CALIBRATE was run on the EDT files.

17. Fluorometer Processing

At this stage a median filter, fixed size=11, is usually applied to reduce spikiness in fluorescence channels, but examination of all casts shows little spikiness, so this step was skipped. It looks like the sampling rate was set low on the sensor. This is often seen with the Wetlabs fluorometers and may be inadvertent because the sampling rate has to be set on the sensor itself. 

18. 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.

19. Final CTD File Steps (REMOVE and HEADEDIT)
REMOVE was run on all casts to remove the following channels:

Scan_Number, Temperature:Secondary, Salinity:T1:C1, Conductivity:Primary, Conductivity:Secondary, Oxygen:Voltage:SBE, Status:Pump, Descent_Rate and Flag 

Profile plots were produced at this point to check for errors. No problems were found. 
T-S plots were produced; there are some small unstable features that likely reflect real conditions.

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:

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

Fluorescence and pH data are nominal and unedited except that some

    records were removed in editing temperature and salinity.

Dissolved oxygen was calibrated using the results of cruise 2014-01 when the

   same sensor was used. There was no calibration sampling from this cruise.
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.

Recalibration of the salinity channel was based on a report from the factory

  on drift in the temperature and conductivity sensors, assuming a roughly

  linear drift during cruises since the last factory calibration.
For details on the processing see the report: 2014-36_Processing_Report.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.
The final files were named CTD.
The track plot looks fine. 
The sensor history files were updated.

20. Dissolved Oxygen Surface Saturation

Dissolved Oxygen saturation was derived and plotted. The surface saturations varied from about 75% to 145%. Values <90% were found in Johnstone Strait which is normal in this area of tidal mixing; the range of DO values is low here. In Queen Charlotte Strait values are higher ranging from 85% to 110% with the highest saturations to the north near Queen Charlotte Sound. In the more open waters along the T and H lines most values were around 105% to 115% with the exception of the cast at T04 where it was 145%; that was a very shallow site with a large gradient in T and DO around 14m and the fluorescence maximum there was the highest for the whole cruise. Surface saturation was generally high in the inlets to the north with values ranging from 100 %to 140%.  
These values look reasonable for the area and time of year but we have no DO sampling to confirm them.
Particulars
25. XMCON file found but no HEX file. No note in log about a problem.
66. Originally saved as 65 but 65 that was actually a trawl event. File was renamed after conversion.
Institute of Ocean Sciences
CRUISE SUMMARY
CTDs

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

	1
	SEABIRD
	911+
	0550
	No
	Yes


	Calibration Information CTD #443

	Sensor
	Pre-Cruise
	Post Cruise

	Name
	S/N
	Date
	Location
	Date
	Location

	Temperature


	2710
	31Jan2013
	Factory
	23Dec2014
	Factory



	Conductivity


	2128
	29Jan2013
	Factory


	3Mar2014
	Factory



	Secondary Temp.


	
2374
	31Jan2013
	Factory


	12Dec2014
	Factory



	Secondary Cond.
	3396
	  30Jan2013
	Factory


	19Dec2014
	Factory



	SBE 43 DO sensor
	1176
	5Mar2013
	Factory
	
	

	WetLabs ECO-AFL/FL
	2215
	
	
	
	

	SBE18 pH
	0851
	29May2012
	Factory
	
	

	Pressure Sensor
	75636
	25Mar2013
	Factory
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