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PROCESSING NOTES
Cruise: 2008-45
Agency: PBS, Marine Ecosystems and Aquaculture Division, Nanaimo, BC
Location: West Coast Vancouver Island/ North Coast
Project: Sardine Survey
Party Chief: McFarlane S.
Platform: W.E. Ricker
Date: July 23, 2008 – August 6, 2008
Processed by: Germaine Gatien

Date of Processing: April 15 2013 – April 17, 2013
Number of original CTD casts:   28 
Number of CTD casts processed: 28
INSTRUMENT SUMMARY
A SeaBird Model SBE 911+ CTD (#0506) was mounted with a Seapoint Fluorometer (#2229) on the primary pump with a 10X cable and transmissometer (S/N 953DR). 

SUMMARY OF QUALITY AND CONCERNS
A spreadsheet with times, positions, station names and bottle depths was provided; this was very useful as it simplifies the addition of information to the headers.
A transmissometer was included in the configuration file but no reasonable data were acquired; it is likely that it was not actually mounted on the CTD. 

The primary channels did not work well from the surface to at least 30 to 35m. The problem could be due to the pump itself or plumbing. A similar problem occurred during a later cruise with the same equipment, 2008-15. There is no record as to how the external sensors were mounted, but during 2008-15 both the fluorometer and the dissolved oxygen sensor were on the primary pump. The fluorescence data look bad for the downcast and suspicious for the upcast. The dissolved oxygen traces are not as clearly bad, but there is clear evidence that the sensor was also mounted on the primary pump. The fluorescence and dissolved oxygen channels were removed. The secondary temperature and salinity channels look good on the downcast, but noisy on the upcasts.
When used during 2008-01 the secondary salinity was found to be close to bottles and no recalibration was applied. The same decision was made for these data.
PROCESSING SUMMARY
1. Seasave
This step was completed at sea; the raw data files have extension DAT.
The file names were non-standard. The names were fixed for CON, DAT and HDR files.

2. Preliminary Steps
Copies of the log book sheets were obtained as well as a spreadsheet with positions, times and station names for all CTD casts.

There was no list of equipment available.
There is mention of bottle sampling in the log, but no data were available.

The first attempt at cast #10 was aborted so it was rerun. Only the 2nd run will be processed as there was no data from the first.
The cruise summary sheet was completed. The histories of the conductivity and pressure sensors were obtained. 

The configuration files used at sea contained many errors. A file was prepared with corrections and this was saved as 2008-445-ctd.xmlcon.

 3. Conversion of Raw Data
All data were converted to CNV files.
A few casts were examined and all expected channels are present. 
Temperature traces track reasonably well for most downcasts, though there are some significant differences for some; for upcasts the differences are much larger. While both temperature channels and the secondary conductivity suggest well-mixed waters near the surface, the primary conductivity rises slowly, suggesting that the pump problems noted in the cruise that followed probably started before or early in this cruise.
Fluorescence traces also look odd with the offset between upcast and downcast traces larger than that between the temperature traces by more than the expected 1-5m. For these data it is more like 10-15m. Values start very low during downcasts and increase rapidly to a peak at 10 to 20db; the upcast traces look much different with lower values where the downcast peaks, but higher values near the surface. Later in the cruise there are a few casts with fluorescence that looks more like what is expected. For those, the fluorescence is lower than for the odd looking casts, so it is impossible to detect a slow response. During 2008-15 there were problems noted in the primary pump that might lead to this sort of result.  The pump status is normal so it was turned on. These data will have to be examined in more detail later. 
The Dissolved Oxygen traces show the usual hysteresis, corresponding to about a 2.5s delay, or 60 records. However, it is harder to judge if there is a further problem due to pump issues. In a few cases for which the temperature shows little variation near the surface, the DO appears to be increase with depth. This will be examined in detail after conversion to concentration units. Surface saturation may also help determine if this data is useful or not.
Transmissivity is very low everywhere and extremely so on the upcasts. The data do not look believable. Even if the calibration had drifted somewhat it would be unlikely to produce values like these and would not explain the differences between upcasts and downcasts. As found during 2008-15, it is likely that the instrument was not mounted at all and we are looking at noise. This channel will be removed later.
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. CELLTM
Tests were run on 3 casts using a variety of settings for CELLTM to determine the best choice of parameters. 
The best choice varied for different depths and casts for the primary conductivity, but the best choice overall was (0.03, 7), though the T-S plots confirm that these data are probably not good enough to be archived. 
For the secondary conductivity the choice of (0.03, 9) was best for all plots examined. 

CELLTM was run using (0.03, 7) for the primary and (0.03, 9) the secondary.
6. DERIVE

A new algorithm for dissolved oxygen concentration was introduced just before 2008-15 was processed. At that time tests were run to see if adjusting the E parameter was advisable. The results indicated that the default setting for E should be used. Fine-tuning of E is a good idea if there are casts deeper than 1500db, but is not necessary here; since titrated samples are needed to do the fine-tuning this is not possible anyway.

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.
7. Test Plots and Channel Check

Two casts were selected that sampled to >500db, but the descent rates were very noisy for one of them. Other casts that sampled below 500db were even worse. Plots were made to check for agreement between the pairs of T and C sensors. The following values are rough estimates from downcast data but indicate reasonable correspondence. One cast from the previous cruise and three casts from the cruise that followed are included for comparison.
	Cast #
	 Press
	T1-T0 
	C1-C0
	S1-S0
	Descent Rate

	2008-01-0055
	200
	+0.0005
	-0.0002
	-0.0023
	High, V Noisy

	2008-01-0055
	1400
	+0.0005
	-0.0002
	-0.0025
	High, V Noisy

	2008-45-0004
	225
	-0.001 XN
	-0.0003 N
	-0.0025 XN
	F.High, Moderate

	2008-45-0004
	750
	-0.0005 VN
	-0.0002 N
	-0.002 XN
	F.High, Moderate

	2008-45-0013
	220
	+0.0008 XN
	-0.0002 XN
	-0.003 XN
	F.High, XNoisy

	2008-45-0013
	705
	+0.0006
	-0.0002 N
	-0.003 XN
	F.High, XNoisy

	2008-15-0157
	225
	+0.0004 
	-0.0002 XN
	-0.003 VN
	High, steady

	2008-15-0295
	225
	+0.0004 
	-0.00018 N
	-0.0026 VN
	High, steady

	2008-15-0322
	225
	+0.0005 
	-0.00015
	-0.0025 N
	High, steady


There is little variation in the differences. This probably means that any pump-induced problems have little effect at depth, presumably because gradients are much lower there.
8. 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.

Water Depth is missing from the headers. That information is included in the spreadsheet provided. The spreadsheet was simplified so it contained only columns FILENAME and LOC:WATER DEPTH. That was merged with the CLN files to create MRH files. 
9. Checking Headers

The header check was run. It shows that there was no transmissometer signal. There were negative pressures near the surface of one cast; the pumps were not on so conductivity doesn’t tell us much, but the values look like noise. 
A cross-reference listing was checked against the log book and no errors were found. The times in the log were in PDT while those in the header files are in UTC.
The track plots (using event #s and station names) were produced and added to the end of this report.
The average surface pressure is 1.0db which is very low for the Ricker. All values above 1m have very low salinity values. On the upcasts the pumps were turned off well below the surface, so there is insufficient information to determine how accurate the pressure values are. 

10. SHIFT

Fluorescence
The fluorescence data are likely to be removed later, but SHIFT was run using the normal setting of +24 records. Tests run for 2008-15 did not suggest any better way to handle this channel. If the problem is due to pump problems, no shift will help.
A shift of +24 records (1s) was applied. (Output: SHFFL)

Conductivity
Tests were run on the primary and secondary conductivity channels using a variety of settings. The best choice for the primary was -0.7s and for the secondary it was +1.3s.
SHIFT was run on all casts using those settings. 

Dissolved Oxygen

At this point it is not clear how reliable the dissolved oxygen data are. The offsets look normal. 
A setting of +60s looks reasonable at depth, so the data were put through SHIFT using +60 records for the Dissolved Oxygen channel.
All casts were put through REVERSE to aid in studying the problems in DO and fluorescence.

11. 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 many warnings but all pertained to upcast data, so were of no concern in creating downcast files..
A second run of DELETE was applied to the reversed files, output DELREV. 
12. Study of Problems in Primary Channels
Plots and other checks were made to study primary temperature, primary salinity and the sensors the external sensors, fluorescence and dissolved oxygen, to decide if these data are useful or not. 
The surface check was rerun using the secondary salinity to calculate a mixed layer depth. This calculation compares each salinity reading to that at 4db and checks how far below that the salinity increases by at least 0.005. For the primary salinity all values are very close to 4db, but for the secondary they are mostly at least a little deeper. In the case of cast #20 there is a well-mixed layer to 10db in the secondary salinity. This does suggest that the primary salinity was slowly rising to the values seen by the secondary. A careful examination of cast #20 shows that at 2db, after pumps had been on for a few seconds, the secondary was higher than the primary by about 3psu. The two channels are not close until about 11db and the primary shows a lot of unbelievably low values amid others that seem ok. Something was clearly wrong with the primary system.

Plots comparing the primary and secondary conductivity make it clear that the primary rises slowly in the top 5m, while the secondary rises quickly, and then as the secondary starts to fall the primary lags behind until the bottom of the halocline. Thereafter the values are reasonably close. The upcasts are closer even at the surface. The upcast secondary values are close to the downcast. For temperature there is a similar pattern but the differences are not as notable. The surface temperatures both look ok but the primary looks much smoother on the downcast, and changes are recorded deeper than for the primary, both signs that response time is slow. On the upcast the traces are closer and the primary seems to lead the secondary in response to change, but the noise level in the secondary is so high that little can be deduced from this. The primary seems smoother than expected, so there may still be a problem with response.

Fluorescence values are clearly unrealistic during the downcast with near-zero values near the surface and peaks occurring near 15 to 20db. The upcast traces peak at the surface and are not as obviously unbelievable, but not the usual pattern seen. A search of other data collected during the summer of 2008 in the same region found two casts that provide some help.

· Cruise 2008-01 visited an area close to cast #23 of this cruise but 2 weeks earlier. Temperature and salinity values are reasonably close for the two cruises. For the earlier cruise the fluorometer read about 5ug/L from the surface to 9db and looked quite well-mixed. Cast #23 read about 0.2ug/L at the surface and reached a peak of about 5ug/L at 18db.  On the upcast the peak was 5.3 at 2db. These observations are after fluorescence was aligned in both data sets. So it looks as though the values are delayed in reaching a peak in both downcast and upcast.
· Cruise 2008-27 visited an area close to cast #10 but about 2 weeks later. The later cruise had slightly warmer and fresher surface waters. At 5m the fluorometer read about 3.4ug/L and the peak was about 3.9ug/L at 10db. This cast was not so well mixed and read >3ug/L from about 6 to 15db. The bottle at 5db shows the value of extracted CHL ~3.2ug/L at 5m and fluorometer ~3.4ug/L. For cast #10 from the current cruise the fluorescence from the downcast is 0.2ug/L at the surface and peaks at 2.7ug/L around 14db. From the upcast the peak is 2ug/L at 0.5db. Neither downcast nor upcast looks like the 2008-27 cast.
These comparisons make it clear the downcast fluorescence is not useful. The upcast also looks suspicious, especially that from cast #10. The peaks are offset. A larger alignment shift might get the peaks to match better, but if the flow is not as expected there will be doubts about values. In many plots there is a distinct difference in peak values between downcast and upcast. If we had CHL sampling we might be tempted to go with the upcast fluorescence, though the upcast temperature and salinity are not of good quality.

It might seem as though the problem is due to bad alignment of sensors, but that does not seem to explain the slow increase in conductivity at the surface or the extremely low fluorescence values at the surface; there were long soak periods both before and after the pumps were turned on. The problem appears to be more complex than can be dealt with by alignment refinements.

Finally, the issue of dissolved oxygen was examined in detail. The plots look normal. We always expect slow response from these instruments, so would we notice if there was a problem? Since it was possible the sensor was on the secondary pump, plots were made of the dissolved oxygen with the two temperature channels in a noisy section of DO. While the CTD was stopped at 4db during the upcast, the noise in the DO traces is the inverse of that in the primary temperature whereas the secondary temperature trace is quite smooth. It is clear from this that the calculation of DO was based on the primary temperature. It is also clear from these plots that while the primary temperature doesn’t differ greatly from the secondary in values, it is much noisier. How this affects dissolved oxygen is not obvious, but if the sensor is on the primary pump then we cannot justify using these data. The nature of the DO sensor makes the data look smooth, so it is not as clear that there is a problem. We could check the saturation at the surface, but getting good DO there, after what was generally a very long soak, would not imply the values are reliable for the rest of the profiles.
13. Other Comparisons

Previous experience with these sensors –

· The pressure sensor was recalibrated in May 2006 and was used for 5 cruises before 2008-45 and many after that. The offset found at the factory looked right until early 2010 when it was adjusted.
· The primary conductivity sensor was used during 2008-01 in February 2008 when it was found to produce salinity high by ~0.0017, but there were some doubts about the comparison. It was also used for the first leg of 2008-15 in October 2008 when the primary sensor was found to be low by 0.019, but the bottle comparison was poor with only surface bottles. The primary was not selected for the archive for either cruise. There was some concern about the primary pump for pump for Leg 1 of 2008-15 since both conductivity and fluorescence data were odd. The secondary conductivity sensor was found to produce salinity low by 0.0002 for 2008-01 and low by 0.019 for the first leg of 2008-45; again there were possible problems with the 2008-01 comparison and definite limitations to the 2008-15 comparison. The secondary channel was archived for 2008-01 and for Leg 1 of 2008-15. The sensor produced bad data during Leg 2 and was never used again.
· There are records of the oxygen sensor being used 6 times between Feb. 2007 and the next factory calibration and this was the 2nd of those. There was calibration sampling for 2008-01 in early 2008 but none for any later cruises. 

Historic ranges – Profile plots were made of T and S with local climatology superimposed. The only outliers were in cast #7 where salinity was a little below the historic minimum at the bottom of the cast and cast #21 for which the temperature was briefly a little above the maximum at the base of the mixed layer. These excursions do not suggest a problem with the calibrations, given that the 3-standard deviation ranges are overly severe for coastal data. 
Post-cruise calibration – The primary conductivity sensor was found to have drifted by ~-0.0004psu/month which is equivalent to being low by 0.006 if drift was linear with time and if it is linear with use, then assuming half the drift (~-0.005) occurred by the middle of 2008-45 is reasonable, since the earlier cruise had 45 casts, many of them deep and the later one had 155 casts but none deeper than 300m. The primary temperature sensor drift was insignificant. 
                         -There was no post-cruise calibration for the secondary conductivity sensor because it was replaced under warranty due to being “flooded”. The secondary temperature sensor had drifted upwards by 0.001C° per year, but it was used many times after this cruise so assuming linear drift does not look wise. 
                         -There is no report on drift for the Dissolved Oxygen sensor from the April 2011 calibration because the sensor had been damaged. 
14. DETAILED EDITING

The secondary sensors will be selected for archiving. They were selected for both 2008-01 and 2008-15 and definitely performed better than the primary during the first leg of 2008-15. There is evidence  that the primary system did not perform well.
.

CTDEDIT was used to clean the salinity data. Surface data were often removed from before the time that the pump started working until a few seconds after the pump was turned on. There are frequently data just below the surface that look very unstable probably due to ship effects.
On-screen plots of descent rate and pump status were used to guide editing. The descent rate was very noisy for some casts causing corruption due to shed wakes. 
All casts required some editing.
Note was made of the editing details in the headers of the relevant files.

15. Initial Recalibration
As discussed in section 9 the salinity will not be recalibrated.

Pressure is likely ok based on sensor history.
No recalibration will be applied.

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.
After averaging page plots were examined on screen and no problems were found.
18. FINAL CTD files steps (REMOVE and HEADEDIT)
The following channels were removed from all casts: Scan_Number, Temperature:Primary, Salinity:T0:C0, Conductivity:Primary, Conductivity:Secondary, Transmissivity, Fluorescence:Seapoint, Oxygen:Dissolved:Voltage, Oxygen:Dissolved:SBE, Status:Pump, Descent_Rate and Flag. 
HEADER EDIT was used to fix formats and channel names, to fix the geographic description and to add the following comments:
---------------------------------------------------------------------

The external sensors were mounted on the primary pump and there were

severe problems with the primary system during this cruise and also

during 2008-15 in October 2008. The data from the external sensors

were affected, so channels Oxygen:Dissolved:Oxygen and 

Fluorescence:SeaPoint were removed. 

There was no salinity calibration sampling for this cruise, but during

2008-01 in February 2008, the same sensors were used and the secondary

salinity was found to be close to bottles. No recalibration was applied

to 2008-01 salinity and the same decision was made for this cruise.

For details on the processing see processing report: 2008-45_PROC.doc.

The Standards Check routine was run and HEADEDIT adjusted until no further problems were found. 
19. Producing final files
A cross-reference listing was produced for CTD files.

HEADER CHECK was rerun and a cruise track plotted and no errors found.

The sensor history was updated for the CTD sensors.
Particulars: (Notes from log book) 
1. Bottle did not trip
2. Program crashed at end

12. Bottle depth variable

Institute of Ocean Sciences   
 CRUISE SUMMARY

	Cruise ID#:    2008-45

	Dates:   Start: 7 October 2008                 End: 11 November 2008

	Location: SoG/JdeF/WCVI/North Coast

	Vessel:  W.E.Ricker                                    Party Chief: Trudel M.

	

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

	1
	SEABIRD
	911+
	0506
	No
	Yes


CTD Calibration Information

Make/Model/Serial#:
SEABIRD/911+/0506         Cruise ID#:

2008-45


	Calibration Information

	Sensor
	Pre-Cruise
	Post Cruise

	Name
	S/N
	Date
	Location
	Date
	Location

	Temperature


	4752
	06/03/07
	Factory
	
	

	Conductivity

(up to cast 328)
	3321
	13/03/07
	“
	
	

	Conductivity (from cast 330 to end)
	2173
	07/05/08
	“
	
	

	Secondary Temp.


	2968
	22/08/07
	“
	
	

	Secondary Cond.
	3038
	11/10/07
	“
	
	

	Fluorometer
	2229
	
	IOS
	
	

	SBE43 Oxygen
	47
	01/06/07
	Factory
	
	

	Transmissometer
	953DR
	22/04/07
	IOS
	
	

	Pressure Sensor
	69698
	26/05/2006
	Factory
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