REVISION NOTICE TABLE

	DATE
	DESCRIPTION OF REVISION

	
	

	Feb. 2019
	Bottle spreadsheet converted to searchable BOT files.


PROCESSING NOTES
Cruise: 2013-10
Agency: PBS, Salmon and Freshwater Ecosystems, Nanaimo, BC
Location: Vancouver Island 
Project: High Seas Salmon



Chief Scientist: Trudel M.



Platform: W.E. Ricker

Date: 1 March 2013 – 14 March 2013
Processed by: Germaine Gatien



Date of Processing: 19 June 2013 –29 June 2013
Number of original hex files:  39            Number of CTD casts processed: 33
INSTRUMENT SUMMARY
A SeaBird Model SBE 911+ CTD (#0506) was mounted with an SBE43 Dissolved Oxygen sensor (#1119) and a WetLabs ECO-FL Fluorometer #2215. The log indicates that the DO sensor was mounted on the primary pump. The salinometer used was a model 8400B Autosal, serial # 68572.  
SUMMARY OF QUALITY AND CONCERNS
The log book did not have a personnel list. Otherwise it was in good order with an equipment list, a record of sampling done and notes about problems encountered. 
During the first cast no samples could be drawn; the bottles were used for the next cast without adjusting labels, which led to errors in the analysts’ spreadsheets. The log book was clear on what happened.
All salinity samples were from about 10m. They were analyzed within 6 days of the end of the cruise. 
Cast #1 was a test cast only and no downcast data were acquired, so it was not processed.
Casts #33 to 49 were not processed due to severe problems with both temperature sensors. They differed from each other by from about 0.1Cº for much of the cruise, and occasionally by much more. The differences between the conductivity sensors were very small, except during casts #33 to #49, so the differences between CTD salinity and bottle salinity could be used to establish that the primary temperature sensor data was reasonable other than during the 5 bad casts. The secondary temperature was clearly odd for some upcasts, but the results of the salinity study show that it is unreliable even when it looks ok. Attempts were made to find a way to recalibrate secondary temperature, but there was too much variability in the errors to find a reliable method to correct it. 

There was no dissolved oxygen calibration sampling during this cruise. The results of four cruises which used the same DO sensor between August and October 2012 and had DO calibration sampling produced similar corrections with slopes increasing slowly. So the SBE Dissolved Oxygen sensor was corrected using the results of cruise 2012-06 from September 2012.  
The ratio of the ECO fluorescence to extracted chlorophyll looks similar to that seen in other cruises, with the ratio being very high for low CHL and gradually approaching a value of about 1.6. However, the extracted chlorophyll values were very low overall for this cruise, with half the values <0.1ug/L, and only one >0.3ug/L. The lowest value recorded by the ECO was 0.25ug/L. 
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 only a few minor problems noted. 
Bottle data were provided in 2 spreadsheets, one with salinity, the other with a combination of extracted chlorophyll and nutrients. The dates of the most recent updates were added to the file names. Henceforth, an asterisk at the end of the file name refers to the date of the spreadsheet version. 

The cruise summary sheet was completed. 
The histories of the dissolved oxygen, conductivity and pressure sensors were obtained.
The configuration file did not change through the cruise. All entries were correct except one small error in the dissolved oxygen parameter D2. The offset for the pressure sensor has been set to -0.1db for other recent cruises, and an initial test conversion shows that the factory value of -1.38db produces some pressure values near or less than zero, with conductivity values not looking as expected at the surface. The offset was changed to -0.1db. This can be fine-tuned later in processing. The file was then saved as 2013-10-ctd.xmlcon. (The Tau value was left unchanged as no hysteresis correction will be applied.)
There was salinity, nutrient and CHL sampling at about 10m. There was no DO sampling from this cruise. 
3. Conversion of Raw Data

All data were converted using file 2013-10-ctd-new.xmlcon. 

Plots were made for a few casts. The CTD stops at between 15 and 17db during the upcast. The Niskin bottle is usually mounted about 5m above the CTD, so data from 10 to 12db should be examined for the comparison with bottle samples. Checks were made of all the channels:
· The temperature channels differ by 0.04Cº at the beginning of the cruise and by >0.1Cº by the end. 
· The differences are sometimes larger during upcasts and the primary temperature is sometimes very different between the downcast and the upcast. 
· Conductivity appears to be affected early in the cruise, but after a repair to the strap holding the conductivity and temperature sensors, the conductivity looks better, but the temperature does not. 
· Fluorescence looks noisy.

· Dissolved Oxygen data sometimes look odd, but other casts look normal.
· The descent rate is noisy for a few casts, but is mostly reasonably steady, though there seems to be a lot of jitter at times. 
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

Various advancements were tested to make DO and temperature traces have the same offset between downcast and upcast data. Overall an advance of 4.5s looks best. This setting was used on other cruises using this sensor. 

ALIGNCTD was used to advance the DO signal relative to temperature by 4.5s.
6. CELLTM

Tests were run on 3 casts using a variety of settings and the best choice was  (α=0.03, 1/β=9) looks best for both channels. For a few other casts, there was no obvious improvement with any setting as the upcast and downcast were so far apart and/or noisy. 

CELLTM was run using (0.03, 3) for both the primary and 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 all casts to look at differences between channel pairs. There are no deep casts, but these data may help track the problem with temperature data.
8. Test Plots and Channel Check

There are no casts deep enough to do the usual study of differences between channels, but plots were examined to try to see what changes occurred during the cruise. The results are strange:

· The temperature differences look bad throughout the cruise. Up to cast #49 the differences start at about 0.05ºC to 0.09ºC and gradually increase throughout the cast with the largest at the end. During cast #33 the upcast temperature differences are all over the place.
· After cast #49 there is a similar pattern but less change through the cast.

· The conductivity differences are noisy but overall low (~0.0001) until cast #33 during which they start at +0.01, reach about 0.0003 at the bottom and then are highly variable and large during the upcast. 

· After cast #49 the conductivity looks normal.

· Salinity differences start at 0.05 early in the cruise rising to 0.13 by cast #49. 
· After cast #49 the salinity differences get a little smaller, ~0.1 with upcasts.

So we have a big problem with temperature throughout the cruise and a conductivity problem from cast #33 to cast #49. 
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.
A study of differences between the pairs of Temperature, Conductivity and Salinity channels was made.  They show a large difference between temperature sensors throughout the cruise, ~0.1Cº with the primary reading higher. For casts #29 and 49 the differences are extremely noisy and sometimes as large as 0.6 Cº. Conductivity differences are low for most of the cruise except for casts #33 to 49 when they are large and noisy. Salinity differences are high for the whole cruise but are much noisier from casts #33 to 49. 

There appear to be 2 problems:

· The difference in temperature sensors persists for the whole cruise. For the most part the difference is ~0.1Cº but is larger and noisier for casts 33-49. That change is presumed to be due to the second problem. 
· For casts #33 to #49 the conductivity differences are large and noisy; otherwise conductivity looks fine. During that period the temperature differences were also larger and noisier. After cast #49 a repair was made to the strap that holds the sensors and this problem disappeared.

Since conductivity looks ok other than for #33-49, the salinity comparison should be able to determine which temperature sensors are more accurate.

This will be pursued further after DELETE is run.
10. Checking Headers

The header check was run. There are no negative pressure or fluorescence records.
The range of values looks reasonable for all variables.
A cross-reference list was produced and checked against log records. The only errors found were the station names for casts 52 to 73 which were given as JF ** and should have been JS **. Those were fixed in the CLN files. 
The track plots were produced and look reasonable.
The surface report indicates that the average surface pressure was 4.5db which is typical for Ricker work. The shallowest data recorded were from 0.8db at the end of a cast, with salinity values low enough to be near the surface. Since there are some doubts about the upcast temperature and salinity data, it is impossible to determine if the pressure is accurate. There is certainly no suggestion that pressures are too low; it is possible they are a little high since the surface salinity values seem lower than usual, but this a region of high variability. We have no evidence from surface calibration samples. The only other cruise in this area occurred a month later and also had no surface calibration samples. 
Plots were examined on-screen to check all files to see how the temperature traces look. Throughout the cruise the primary temperature was higher than the secondary by more than we usually see. For some of the early casts the secondary downcast was further from the upcast than usual. Then for casts #33 to #49 the primary was bad, most obviously during the upcast but even the downcasts are odd. After repairs the primary looks ok, but there are still some casts for which the downcast versus upcast is larger than usual for the secondary. 
11. SHIFT

Fluorescence

In other recent uses of ECO Fluorometers it has been found necessary to advance the fluorescence by +12 records (0.5s) relative to pressure. A few casts were examined and the data are so noisy that it was difficult to test, but it was clear that a small advance was needed. 

SHIFT was run on the fluorescence channel to advance by 12 records.
Conductivity

Tests were run on both conductivity channels using a few casts with marginally stable features. The problems with the temperature sensors limited the number of casts available for testing. No tests were run on casts where the downcast data were clearly poor. For the primary conductivity the best setting was -1.1 records. For the secondary the best setting early in the cruise was also -1.1 records but increased somewhat by cast #58 and thereafter to -1.3 records. It was assumed the change came after cast #48 since there was a repair to the sensor mount at that time. 
All casts were put through SHIFT using -1.1 records for the primary and -1.1 records for the secondary conductivity for casts 4-49 and -1.3 records for casts 52 to 162.

Dissolved Oxygen

The SBE DO data have already been aligned, but a few casts were examined to see if further adjustments are required. The problems with the temperature sensors makes this test difficult, but overall it looks like the oxygen trace is aligned with the temperature reasonably well. 

SHIFT will not be run on this channel.

12. DELETE

The shifted files were put through REVERSE.

DELETE was run twice, first on the SHFC1 files and next on the REV files.

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 was just warning for each set of files and they both pertained to the upcast, so are of no concern.
13. STUDY OF SENSOR PERFORMANCE

The DEL and DELREV files were bin-averaged (0.25m bins) and then thinned to values of 11 and 11.5m. Those data were exported to a spreadsheet 2013-10-11m data.xlsx.

. 

Before looking at how the CTD data compared with bottles, a few other comparisons were made:

· Temperature channel pairs – The differences between primary and secondary temperature were all large, worse during upcasts than downcasts. The differences vary through the cruise in a fairly random way that may be related to local gradients. 
· Salinity channel pairs – The differences in salinity channels varied less during downcasts, though the upcasts seem to change signs after the repairs.  They are always large.
· Upcast versus downcast – The two temperature channels are closer during downcasts than upcasts, whereas there is little variability in the salinity differences except that upcasts are much noisier. Downcasts look further apart in the averages, but this may be the result of averaging very noisy data for the upcast. After the repairs the two S and T channels are close.
· 11m versus 11.5m – The results at 11.5m are similar to 11m except that differences between up and down are slightly smaller for the most part, but differences between T and S channels are slightly higher.

14. COMPARISON WITH BOTTLES
The nutrient, chlorophyll and salinity bottle data were combined in spreadsheet 2013-10-bottles.csv. 
There was an error in both spreadsheets concerning events #1 and 4, likely due to mislabeling of samples. Samples were not taken from event #1 due to a leaking Niskin. Samples were taken during event #4 but they appear to have been labeled as from event #1. Corrections were made to the spreadsheets.
The salinity bottle sample values were added to the file 2013-10-11m data.xlsx.

Differences were found between the bottles and CTD salinity from both channels using upcast data from 11m and 11.5m, and downcast data at the same depths. For the early casts the secondary salinity downcast data from 11m were closest to the bottles, being higher by ~0.03. After cast #49 the primary salinity is closest, also higher by ~0.03. The differences are larger at 11.5m. The upcast differences are much larger. 

There appear to be 2 equipment problems. One was resolved after event #49 so that the bad primary upcast temperature data look better after that. But there is still a problem because the difference between temperature channels remains large. The secondary temperature continues to show occasional larger differences between upcast and downcast after the repairs, but that looks like a problem only in the upcast likely due to flow problems. 

Profile plots were made of salinity to see if there are some casts with low gradients around the level of bottle firing that might be considered more reliable than others. For the early casts, only cast #4 has a low salinity gradient. For that cast the downcast primary salinity is lower than the bottle by 0.0044 while the secondary is high by 0.0333. Cast #4 occurred before the noisy primary upcast data was seen. After cast #49 there are 7 casts that are fairly well mixed  around 10-15m and the average differences indicates the primary CTD is low by <0.001 and the secondary high by 0.092, but note that the standard deviations are ~0.04 and 0.05, respectively. So it does look like the primary salinity is much closer to bottles at least after cast #49. 
This comparison is very rough since there is a different depth for the bottle stops for each cast, the bottles generally sink during the stop and we don’t know exactly when firing occurred and there is some doubt about how well bottles flush especially in tranquil waters. There is also a significant gradient so that small mismatches in depth are significant. It is clear that neither T/C sensor pair behaved well through the whole cruise. Altogether we cannot treat these data as justification for re-calibration. It is recommended that the sensors be recalibrated as soon as possible. There is clearly something wrong with at least one of the temperature sensors, and it is almost certainly the secondary. 
The comparison suggests that primary sensors be chosen for archiving for most casts. For casts #33 to 49 the answer is not clear. Plots were examined and the upcast primary data are clearly bad. The downcast trace of the primary temperature suggests poor response, not as bad as the upcast, but still doubtful with some significant unstable features. The secondary salinity looks very noisy, especially during the upcast. The downcast looks usable, but would need recalibration of temperature and possibly salinity if the temperature correction does not bring it into line with the primary salinity. But can we make a reasonable estimate of the difference between the temperature pair? Casts #25, 29 and 52 were opened in EXCEL to examine the differences before and after the bad patch. 
The differences were as follows:

For cast #25

	
	Secondary - Primary

	
	Temperature
	Conductivity
	Salinity

	Average downcast
	-0.08891
	-0.00006
	0.07360

	Median downcast
	-0.08900
	0.00011
	0.07650

	Std. dev. downcast
	0.00470
	0.00096
	0.01114

	Average upcast
	-0.08613
	0.00066
	0.07921

	Median upcast
	-0.08920
	0.00019
	0.07780

	Std. dev. upcast
	0.00914
	0.00143
	0.01130


For cast #29
	
	Secondary - Primary

	
	Temperature
	Conductivity
	Salinity

	Average downcast
	-0.08968
	0.00008
	0.07769

	Median downcast
	-0.08840
	0.00009
	0.07710

	Std. dev. downcast
	0.00419
	0.00027
	0.00508

	Average upcast
	-0.12716
	-0.00024
	0.10532

	Median upcast
	-0.13080
	0.00004
	0.10860

	Std. dev. upcast
	0.01880
	0.00401
	0.03704


For cast #52
	
	Secondary - Primary

	
	Temperature
	Conductivity
	Salinity

	Average downcast
	-0.08457
	0.00013
	0.07605

	Median downcast
	-0.08440
	0.00013
	0.07610

	Std. dev. downcast
	0.00084
	0.00019
	0.00231

	Average upcast
	-0.08894
	0.00009
	0.07946

	Median upcast
	-0.08920
	0.00011
	0.07960

	Std. dev. upcast
	0.00083
	0.00016
	0.00182


The primary temperature is higher than the secondary by 0.0890, 0.0884 and 0.0844 for the temperature for those 3 casts. That is too big a change to make temperature calibration reliable. 

Plots of temperature differences versus pressure were also made. For cast #25 there is no obvious pressure or time dependence in the temperature differences. For cast #29 the differences are fairly steady during the downcast, but start to increase at about 175db and continue increasing through the upcast. Was this the first indication of the problem that was more obvious in the casts that followed? Or is it due to problems in the secondary sensor? For cast #52, the differences increase through the whole cast. This increase is more likely due to problems in the secondary sensors than the primary, since they look worse after the repair, and since the primary upcast and downcast are closer after the repair. A quick check of cast #55 shows the same pattern. This confirms that using the secondary is not a good idea. 
For casts #10 and #16 acquisition did not begin until the CTD was part way down. Upcast files should be chosen for those casts.
Fluorescence 
The spreadsheet with CTD and bottle data was used to do a comparison of the ECO fluorescence and extracted chlorophyll samples from 10db. The results show a typical relationship for this type of sensor with the sensor reading higher than the extracted CHL by a factor of ~60 when CHL is <0.02ug/L. As CHL rises the ratio goes down and for CHL=2.9ug/L (the only CHL value >1ug/L) the ratio is 1.6. The minimum ECO reading was ~0.25ug/L in deep water.
15. DETAILED EDITING

All DEL files were copied to *.EDT.

CTDEDIT was used to clean the primary temperature and salinity data.
Cast #58 required no editing.

All other casts required light editing – mostly removal of records corrupted by shed wakes or spikes near the top or bottom of the cast. Light editing was also applied to some casts.

16. Other Comparisons

Previous experience with these sensors –
· The primary T and C sensors have been used many times since they were last calibrated. Calibration sampling was not often available and at other times was not trusted. In early 2012 there was a good comparison that found salinity very close to bottles; it was low by about 0.002 in the most recent comparison. The secondary has been found to be low by <0.002 in 2 recent cruises. Differences between sensor pairs were low during cruises when both these sensor pairs were in use. 
· The pressure sensor has been used 12 times since it was last recalibrated. IN April 2012 the offset applied was reduced from -1.38 to -0.1db. This was found appropriate for the 7 cruises since then.
·  The dissolved oxygen sensor has been used for 12 previous cruises since its last factory service. There was calibration sampling for most of these cruises with the 2012-06 cruise looking like a reasonable choice for calibration of these data.
Historic ranges – Data were plotted with the 3-standard deviation plots of temperature and salinity ranges where local climatology was available. The only excursions from those ranges were 2 cases each of low salinity or temperature near the bottom. The 3-standard deviation range is considered too severe a criterion this close to shore.
17. Initial Recalibration
Based on experience from previous cruise, the dissolved oxygen channel was recalibrated using file 2013-10-recal1.ccf to apply the correction:


Oxygen:Dissolved:SBE Corrected = 1.0465 * Oxygen:Dissolved:SBE +0.0138 
18. Fluorescence Processing 
The ED1 files were put through a median filter, size 11, applied to the fluorescence channel only. 

19. 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 and look reasonable; there are a few unstable features, but they are in areas where they may be real and no instrumental cause was found. 

Profile plots were made to check all channels. There were some unstable features, but they come from areas where active mixing is likely. 
20. 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,  Status:Pump, Descent_Rate and Flag.
A second CTD dissolved oxygen channel was derived with units umol/kg. 
Dissolved Oxygen saturation was calculated and surface values were plotted. The values were between 97 and 103% in the central Strait of Georgia, and were similar in Queen Charlotte Sound. This suggests that the dissolved oxygen calibration is reasonable. 

The surface saturation is much lower (80-90%) for the well-mixed casts in Queen Charlotte Strait and Johnstone Strait. In the Rupert / Holberg Inlets section, the values were also low – most, but not all of those casts, were well-mixed.  Low surface saturation is typical of places with well-mixed waters. 

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.

There was no calibration sampling for dissolved oxygen, but the

      result of cruise 2012-06 was used to derive DO concentration.

For details on how the transmissivity calibration parameters were calculated

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

Some casts were not processed due to problems with both temperature sensors.

For details on the processing see processing report: 2013-10-proc.doc.
21. 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.
Particulars: 
1. No samples – Niskin leaked. Only upcast archived – test cast, don’t process.

4. Error in labels – said 1, but should be 4.

10. Acquisitions started late, around 45db.

33-49. Malfunction of primary T/C.

49. After this cast the strap holding cond/temp sensors was repaired.
85. Niskin shattered on side of ship.
Institute of Ocean Sciences
CRUISE SUMMARY

CTD

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

	1
	SEABIRD
	911+
	0506
	No
	Yes


	Calibration Information CTD #506

	Sensor
	Pre-Cruise
	Post Cruise

	Name
	S/N
	Date
	Location
	Date
	Location

	Temperature


	2106
	13Apr11
	Factory
	
	

	Conductivity


	1764
	29Mar11
	Factory


	
	

	Secondary Temp.


	
2663
	31Mar11
	Factory


	
	

	Secondary Cond.
	2424
	   29Mar11
	Factory


	
	

	SBE 43 DO sensor
	1119
	29Mar2011
	Factory
	
	

	WetLabs Eco Fluorometer
	2215
	
	IOS
	
	

	Pressure Sensor
	69698
	15Apr2011
	Factory
	
	


Note that casts 33-49 have not been processed
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