REVISION NOTICE TABLE

	DATE
	DESCRIPTION OF REVISION

	Jan. 18, 2010
	Corrections to Dissolved Oxygen data in CHE files and 2009-51oxy.xls. See end of report, after Section 22, for details

	Feb. 16, 2010
	Salinity samples found – see note after Section 22. Bottle values were added to CHE files; no further recalibration was applied.


PROCESSING NOTES
Cruise: 2009-51



Agency: OSD
Location: Strait of Georgia


Project: Ambient Monitoring Program
Party Chief: Johannessen S.
Platform: CCGS Vector
Date: July 22, 2009 – July 24, 2009
Processed by: Germaine Gatien

Date of Processing: 31 August 2009 – 11 December 2009
Number of original CTD casts:  4
Number of CTD casts processed:  4
Number of bottle casts: 

2
Number of bottle casts processed: 2
INSTRUMENT SUMMARY
A SeaBird Model SBE 911+ CTDs (#0443) was mounted in a rosette and attached were a Wetlabs CSTAR transmissometer (#1005DR), an SBE 43 DO sensor (#0997), a Seapoint Fluorometer (#2228) with a 10X cable, a pH sensor (#0692) and an altimeter (#1252).
SUMMARY OF QUALITY AND CONCERNS
The entries for this cruise were included with the log from cruise 2009-53. Since the equipment and crew were different, this is awkward. While there were only 4 casts, the cruise still seems worthy of its own log book. It would make filing more straight-forward. 
There as no list of sensors, just the CTD serial number. The configuration file indicates that there were PAR and surface PAR sensors, but conversion indicated there was no signal from either. An equipment list would have saved a little time.
The rosette log was in good order.
The fit of titrated dissolved oxygen values against SBE DO look odd, with a slope of the opposite sign to what is generally found. Problems with the SBE sensor seem unlikely to produce this sort of result and using the results of 2009-09 to recalibrate the SBE DO produces DO surface saturations that look right. The replicates were excellent, so the analysis and sampling appear to have been done very well. Possibly there was a problem with chemicals or the analyzer, or the limited range of DO sampled and the long bottle stops may have produced this result. It is recommended in future to take samples from a variety of depths to assist in calibration of the dissolved oxygen sensor. It is understood that the depth of greatest scientific interest will get sampled more heavily, but in this case it led to a very narrow range of values.
The rosette log indicates that 5 salinity calibration samples but as of December 2009 they cannot be found. Recalibration of salinity was based on results of cruise 2009-09 when the same sensors were used.
There were many errors in the calibration control file used at sea. The Dissolved Oxygen parameters were from before some repairs to the instrument and the transmissivity parameters were very old.

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 no list of sensors mounted on the CTD.
The salinity data could not be found though the rosette log indicates that there were 5 samples taken.
The extracted CHL data were delivered in spreadsheet format.

The titrated dissolved oxygen files were provided in 2 OXY files. There was one small format error which was fixed. There were no flags or comments added, but the rosette sheet does not indicate that there were any problems, so this is assumed to be deliberate. There were no replicates.
The cruise summary sheet was completed.
The histories of the conductivity, DO and pressure sensors were obtained.

The configuration files did not vary; one was saved as 2009-51-ctd.con.
The calibration constants were checked for all instruments. There were a number of problems:

· The configuration for DO had the wrong calibrations – they were from a post-cruise calibration before repairs. The new calibrations were entered using the Murphy-Larson parameters, using values for the H1, H3 and E parameters that were determined during 2009-09. 
· The transmissivity date was very old and the parameters were wrong, so they were replaced by the latest ones available, 5 March 08. It is possible there is a more recent calibration, but Scott is not aware of one.
· The offset for CTD #0550 was changed to +6.8db which was used for the last cruise using this sensor. Checks will be done later to ensure it is appropriate as this sensor is drifting.
· A Surface PAR is included in the configuration file, but no sensor number is included and it is not mentioned in the log book; a few casts tested had no signal in that channel, so it will not be converted. This was also found during 2009-03 and 2009-09.
3. Conversion of Raw Data

Data were converted using configuration file 2009-51-ctd.con.
The casts were examined and all expected channels are present. 

· The descent rate was very steady for the downcasts.

· Spikes in the primary temperature are unusually large especially during the upcast. Conductivity is similar. This was also noted for 2009-03 and 2009-09.
· The fluorescence and transmissivity channels look a little spiky but ok.
· Dissolved oxygen voltage looks ok.
· The altimetry looks fine.
· There is no signal for the PAR sensor, so that should be removed later.
Rosette files were converted using a start time of -5s and duration of 10s. The rosette files were then converted to IOS header files. The event numbers were present so CLEAN was not run, but the IOS files were renamed as *.BOT. The header bottom depth entry for cast #3 is lower than the maximum pressure sampled; the header bottom depth was changed to match the log book. The station name for cast #3 was also changed to SOGN to match the log.
Temperature and conductivity in the BOT files were plotted. There were no outliers that required editing,
4. WILDEDIT

Program WILDEDIT was run to remove spikes from the pressure, conductivity and temperature channels only.  Parameters used were: 
Pass 1    Std Dev = 2 
Pass 2    Std Dev = 5 
Points per block = 50

5. CELLTM

CELLTM was run using the settings that were applied to these sensors during 2009-09, α = 0.0245 and β=9.5 for both sensors. T-S plots were compared before and after this step and in areas of high temperature gradient, the routine was effective at making upcast and downcast more alike, though the upcast data are very noisy, near the surface there are patches where the results looks worse.
6. DERIVE

Program DERIVE was run twice: 

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

on both 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

The data were plotted to check for agreement between the pairs of T and C sensors. There are no data below 330db so the results cannot be compared very well with 2009-09. There secondary conductivity channel was believed to be drifting during 2009-09 and the results below suggest that may have continued. The following show the comparison between an early and late cast from 2009-09 and the current cruise:
	Cast #
	 Press
	T1-T0 
	C1-C0
	S1-S0
	Descent Rate

	Early 2009-09
	1000

2000
	-0.0003 N

~0 VN
	+0.0010

+0.0011
	+0.0121

+0.0126
	High, noisy

	Late 2009-09
	1000

2000
	-0.0002
-0.0001
	+0.0012
+0.0012
	+0.0145
+0.0151
	V. High, noisy

	2009-51
	280
	~0
	+0.0018
	+0.019
	Mod, V.steady


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.

9. Checking Headers

The header check was run and checked. 
The cross-reference check was compared with the log book and everything looked fine. 

The cruise track was plotted and added to the end of this report. No problems were found.
The surface values program was run; the values are 1.1, 1.4, -0.1 and 0.0db. For the third cast the conductivity is very low when the pumps come on, so it must be very close to the surface. Adding a further 0.1db looks appropriate. 

The altimeter header entries were checked against plots and look fine.
10.  BOTTLE FILE PREPARATION

The BOT files were averaged to enable an addsamp file to be created. This file was edited to add sample numbers taken from the rosette sheets.  The file was converted to CST files to be used as a framework for the bottle files. The SAM files were then bin-averaged.
SALINITY
There were 5 salinity bottle samples indicated on the rosette sheet, but the bottles could not be found.
EXTRACTED CHLOROPHYLL

There were 12 extracted chlorophyll samples. The spreadsheet was simplified and formats were corrected as needed and saved as 2009-51-chl.csv. The data were converted into individual CHL files.
TITRATED DISSOLVED OXGYEN

Dissolved oxygen files (*.oxy) were provided in 2 files with no flags or comments, but there are remarks from the analyst on the rosette sheet. The OXY files were exported to spreadsheet 2009-51-oxy.csv. Flag and comment channels were added. The only comment was that 2 shots of acid were added to sample #1. That comment was added to the spreadsheet, and a “c” flag was inserted.
While there were no replicates, there were multiple bottles from the same levels. Those were compared and saved in file 2009-51-oxy-multiple-study.xls. Using all the repeat bottles the value of Sp was 0.05 and when the pair with one value flagged was excluded Sp = 0.01 where


Sp = Square Root (sum of squares of differences / 2*number of pairs)

This shows good repeatability. 
The spreadsheet was converted into individual ADD files.

Because the other bottle data were not available temporary files were created to study the dissolved oxygen calibration. The ADD files were merged with CST files. The output file was put through CLEAN to reduce the headers to File and Comment sections only. That file was then merged with SAMAVG files and those were used as input to COMPARE for DO. 
When all the bottle data were available the bottle merging was redone in the usual way. The CHL and ADD files were merged with the CST files in two steps, and then put through CLEAN to reduce the headers to File and Comment sections only. The resulting file was merged with the SAMAVG files and named *.MRG. Those files were cleaned to remove the Sea-Bird headers and comments from the SAMAVG files to produce MRGCLN2 files
11) Compare
Dissolved Oxygen
COMPARE was run for the DO sensor. There was one major outlier, the sample that was flagged as “c” above. Excluding the outlier the trendline was:
CTD-BOT = 0.8606 DOX-CTD + 0.4695

This is very different from any fit from other cruises for this or any other DO sensor. The only point that looked similar to other results was the outlier. Since the bottles at a single depth were fired very close together, a second run of COMPARE was prepared using sample numbers instead of pressure to make sure the right data were being compared. The results were slightly different:

CTD-BOT = 0.8807 DOX-CTD + 0.4092

But this is not enough to come close to the results of two other cruises that used this sensor since it was last recalibrated:

CTD-BOT = 1.0396 DOX_CTD +0.0146 (2009-03 January 2009) 
CTD-BOT = 1.0528 DOX-CTD - 0.0305 (2009-09 June 2009)

We expect the slope of these fits to increase with time. 

The large offset from this cruise may well be the result of only sampling in a very limited DO range. Forcing the offset to be zero produced a slope of 0.97, so CTD and bottles virtually the same. That is also unusual but the CTD was kept at this depth longer than usual so that the response time problem would be less than usual. It is therefore not unlikely that the CTD was closer than usual for these bottles. It is possible that the DO sensor was not performing well, or there was a problem with either the sampling or analysis. It is noteworthy that for sample #1 the analyst noted “Air in H2SO4 plunger-2 shots of acid.” Is it possible there was a problem with the acid addition for all casts and only the first bottle is reliable? 
To determine if there was a major problem with the CTD DO a preliminary look was taken at the surface DO saturation. The surface values range from 80 to 95%. These values seem a little low. Next the SBE DO data were recalibrated using the results of 2009-09 and the DO surface saturation was re-examined. Values of 85% - 100% were found which does look reasonable. This would suggest that the SBE DO was not reading too high, at least at the surface, though it is far from proof that the sensor was ok. 
The repeat bottles indicate that the analysis and sampling were at least consistent, but it is possible that there was a problem with the chemicals or the analyzer. In the absence of samples from a wider range, the data are not sufficient for recalibration purposes. For now, it will be assumed that it is best to use the 2009-09 calibration data. (See 2009-51-dox-comp1.xls.)

Plots were made of CTD Dissolved Oxygen and Titrated Dissolved Oxygen versus salinity. The only outlier was minor and was the sample that was already flagged “c”. All the other DO samples were flagged “c” with a note to say that the comparison was unusual and that the problem could be with either the bottles or the CTD or simply the result of an unusual sampling scheme. (NOTE: The flags were later changed to “d” because the standardization parameters were found to be outside acceptable limits and all values should be interpreted with caution. -January 18, 2010)
SALINITY

The salinity samples could not be found.
EXTRACTED CHLOROPHYLL

COMPARE was run and the ratio of CTD fluorescence to Extracted CHL was 90% on average, with a range of 40% to 200%. The ratio was lowest for higher Extracted CHL and vice versa. The profiles of CHL look reasonable so no flags were added.
12. Shift
Fluorescence
The usual method to find what shift is needed for the fluorescence is to examine upcast and downcast profiles to determine the vertical offset of the temperature and fluorescence traces. The differences between these two offsets are treated as a measure of how much the fluorescence needs to be shifted. The “excess” offset for the fluorescence was divided by the averaged descent/ascent rate and divided by 2(since the shift will be applied to both up and downcast) to find the shift (in seconds) to remove that offset. The usual shift of +24 records (1s) was found to have good results, so it was applied to these data. (Output: SHFFL)

Dissolved Oxygen 

Tests were run on the 1 cast to determine the best SHIFT value to apply to the Dissolved Oxygen channel. This was judged by how the vertical offset between downcast and upcast traces compares with that of the temperature. Because there is an offset in values between upcast and downcast due to the time response, alignment will not produce traces that overlie each other exactly. Distinctive features aid this judgment. A setting of +60 looked best, which is what was used with this sensor when it was used during 2009-09.

SHIFT was run using +60 records for all casts.

pH

The pH sensor behaves much like the Dissolved Oxygen with slower response time and some hysteresis. A variety of shift values were tested between 40 and 160 records. Plots were made to compare pH and Temperature profiles after the shifts and a shift of +120 records gave the most satisfactory results. 

Conductivity
During 2009-03 and 2009-09 the best choice of conductivity shift was found to be no shift for the primary and a -0.3s shift for the secondary. Test run on these data showed a shift of +0.2s improved the primary slightly, while -0.5s looked best for the secondary. 

SHIFT was applied to all casts using +0.2s for the primary conductivity and -0.5s for the secondary. 
13. 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.
14. DETAILED EDITING

While there are a more spikes in the primary channels than the secondary, the secondary conductivity sensor was found to have drifted significantly during 2009-09 and there is evidence that this drift is probably continuing. So the primary temperature and salinity channels were selected for editing. 
Graphical editing was done using program CTDEDIT. On-screen plots of descent rate and pump status were also used. All casts required some editing. 
15. Other Comparisons

Previous experience with these sensors – 

1. Salinity - Since the primary conductivity sensor was last recalibrated only data from one cruise has been processed and that showed it to be low by about 0.02. Data for the secondary sensor are available for 3 cruises and they show a steady calibration drift. During 2009-09 the sensor was found to produce salinity that was low by an average of 0.007; temporal variations were considered significant. 
2. Dissolved Oxygen – The sensor was used for 2009-03 and 2009-09 when the following fits against bottles were found:


CTD_BOT = 1.0396 DOX_CTD +0.0146 (2009-03 January 2009) 

CTD_BOT = 1.0528 DOX_CTD - 0.0305 (2009-09 June 2009)

3. Pressure –The sensor on CTD #0443 is an old one and is steadily drifting. An offset of 6.8db was used for 2009-09. 

Historic ranges – Profile plots were made with historic ranges of T and S superimposed. All data fell within the local climatology, though the temperature was very close to the upper limit between 10 and 20db for cast #1. 

16. Initial Recalibration
The MRG and SAM files were recalibrated using file 2009-51-recal1.ccf to add 0.1db to the pressure, add 0.02 to the primary salinity and to apply the following DO correction: 

DOX_BOT = 1.0528 DOX_CTD - 0.0305

COMPARE was rerun using the recalibrated data, but as expected the results do not look good. (See 2009-51-dox-comp2.xls.) 


The recalibration was then applied to the MRGCLN2 and the EDT files to create MRGCOR1 and COR1 files.
17. Final Calibration of DO
The first recalibration of dissolved oxygen corrects for calibration drift. Shift corrects for transit time errors. Those 2 steps may partly correct for response time errors, but a further correction is sometimes found appropriate to further correct for response time by comparing downcast CTD data to bottle data from the same pressure. There are insufficient samples from this cruise to do this test, but during 2009-09 when the sensor was last used, no further recalibration was found necessary.
18. Special Fluorometer Processing

A median filter, fixed size=11, was applied to the fluorescence channel in the COR1 files to reduce spikiness. One cast was examined before and after this step and showed that the filter was effective. 

19. BIN AVERAGE of CTD files

The following Bin Average values were applied to the FIL files (output AVG):

Bin channel = pressure
Averaging interval = 1.000
Minimum bin value =   .000

Average value will be used.
Interpolated values are NOT used for empty bins.

After averaging, page plots were examined on screen and no problems were found. Casts #1 and 2 are very similar above 25m. Cast #4 looks quite different at the surface and at depth, suggesting significant temporal variations.
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, PAR, Altimeter, Status:Pump, Descent_Rate and Flag.
A second SBE DO channel (with umol/kg units) was added. 

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

Transmissivity, pH and fluorescence data are nominal and unedited except

that some records were removed in editing temperature and salinity.

Salinity and dissolved oxygen recalibration was based on the results

 of cruise 2009-09.

There were dissolved oxygen bottle samples, but all came from a narrow 

range of DO values, and were insufficient for recalibration purposes;

They look quite different from the results of 2009-09. This appears to

be due to problems with chemicals or analyzer, but it is possible that

there was a problem with the SBE Dissolved Oxygen sensor.
A separate note was entered for cast #1 explaining that the pH:SBE channel was removed because the buffer bottle was not removed from the sensor and that file 2009-51-0002 has pH data from that site.

The Standards Check routine was run and HEADEDIT adjusted until no further problems were found. 
The cross-reference list was produced and no problems were found.
The final files were named CTD.
Profile plots were made and no problems were found.
The track plot looks ok. 

As a final check of dissolved oxygen data, % saturation was calculated and plotted. The near-surface values were around 95-98% at SOGS and 86% at SOGN. 
21. Final Bottle Files 
The MRGCOR1 files were put through SORT to order on increasing pressure. 
REMOVE was run to remove Scan_Number, Temperature:Secondary, Salinity:T1:C1, Conductivity:Primary, Conductivity:Secondary, PAR, Oxygen:Voltage:SBE, Status:Pump, Descent_Rate, Altimeter and Flag.
For cast #1 only the pH:SBE channel was also removed.

A second SBE DO channel was added with different units. 
HEADER EDIT was run to fix formats and units and to add a comment about quality flags and analysis methods.
A note was added to cast #1 to explain why the pH:SBE channel had been removed.

Standards check was run on all files and HEADEDIT adjusted until all format problems were resolved. 
A cross-reference list was produced and turned up no errors.
22. Producing final files
A cross-reference listing was produced for CTD and CHE files.

Header Check was run and saved as 2009-51-bot-header.rpt.
The sensor history was updated. 
REVISION: January 18, 2010

Final dissolved oxygen values do not match those output by AutoOxy (.oxy files) and those on rosette log sheets, due to a software error which resulted in the incorrect endpoint being used to calculate DO. Actual endpoints were determined by manual inspection of titration curve data and corrected DO values were calculated. The standardization parameters were outside acceptable limits and all values should be interpreted with caution. All DO data were flagged in the initial processing, but at this time they were changed from “c” to “d”.

REVISION: February 15, 2010
Five salinity bottle samples that were reported missing were found. Individual SAL files were created and merged with the CHE files. The primary CTD salinity was lower than the bottles by an average of 0.006, but the standard deviation in the differences was 0.007. When 1 outlier is excluded the CTD is lower than the bottles by an average of 0.008 with a standard deviation in the differences of 0.006. The history of this sensor suggests it is lower than the bottles by ~0.02. 

Institute of Ocean Sciences      
CRUISE SUMMARY


      CTD
	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


	2038
	06May08
	Factory

“
	
	

	Conductivity


	21128
	30Jan09
	“
	
	

	Secondary Temp.


	
2449
	06May08
	“
	
	

	Secondary Cond.
	2424
	07May08
	“
	
	

	Transmissometer


	1005DR
	28Dec06
	IOS
	
	

	SBE 43 DO sensor
	0997
	12Feb08
	Factory
	
	

	pH
	0692
	06Feb09
	
	
	

	Fluorometer
	2228
	?
	IOS
	
	

	Pressure Sensor
	63507
	25Oct04
	Factory
	
	

	Altimeter
	1252
	?
	?
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