REVISION NOTICE TABLE

	DATE
	DESCRIPTION OF REVISION

	28-May-2010
	An error was found in the calibration parameters used in processing this cruise. It is estimated that pressure is low by <0.5db, so no correction was applied. For details see file “Report on Calibration Errors for Pressure Sensor #77511, CTD 0585 “ in Osd_Date_Archive\Cruise_Data\DOCUMENTS.

	18-Nov-2003
	Merged bottle salinity, oxygen, nutrients and chlorophyll with the rosette files and place them in the archive.

	12-Aug-2003
	Subtracted 0.0027 from the CTD primary temperature for all the CTD and Rosette files due to sensor drift suspected by Germaine and confirmed by Seabird. See file “Report on sensors 2023-1763.doc” in the DOC directory.


PROCESSING NOTES
Cruise: 2002-31

Agency: IOS, Ocean Science and Productivity, Sidney, B.C.

Location: Knight Inlet - Strait of Georgia – Juan de Fuca Strait

Project: SoG-JdeF

Party Chief: Masson D.

Platform: Vector

Date: 3 September 2002 – 13 September 2002

Processed by: Germaine Gatien

Date of Processing: 10 December 2002 – 10 February 2003

Number of original CTD casts: 110

Number of casts processed: 109

INSTRUMENT SUMMARY
A SeaBird Model SBE 911+ CTD (#0585) was mounted with Transmissometer 333DR, SBE 43 Dissolved Oxygen Sensor S/N #0047 and Seapoint Fluorometer S/N #2356 with a 10X cable. The deck unit was S/N 0619. The external sensors were all mounted on the secondary pump. 

SUMMARY OF QUALITY AND CONCERNS
The data was in generally good order.

There were problems with the secondary pumps at pressures greater than 250db. The only archived data that will be affected by this is the fluorescence.

The data from the dissolved oxygen sensor continues to have poor time-response but is useful enough to go into the archive. Based on comparisons with bottles the oxygen should be considered:
· ±0.4 ml/l from 10 to 50m.

· ±0.2 ml/l from 50 to 200m

· ±0.15 ml/l below 200m.

PROCESSING SUMMARY
1. Seasave

This step was completed at sea; the raw data files have extension DAT.

2. Preliminary Steps

The Log Book was obtained. 

Salinity calibration data was obtained. The cruise summary sheet was completed. 

The configuration files were obtained and the calibration constants were checked. An error was found in the pressure calibration section; either the serial number is wrong or the calibrations are wrong. The calibrations are correct if the serial number is 77511, which it is believed to be. Configuration file 0585CTD.con was created with that serial number and all other details the same as the files created at sea. 

The same problem occurred during 2002-16 when a check was made after conversion that the surface pressures were reasonable and the maximum pressures in agreement with the log book entries. No problems were found in the pressure data. 

There were many problems with this equipment during 2002-16 and 2002-28. The pump was replaced at the beginning of this cruise and a cable was replaced during the cruise.

The sensor history was found.

3. Conversion of Raw Data

The raw data was converted using configuration file 0585CTD.con.

A preliminary check shows all expected channels present. For some casts there were multiple up and down sections. One downcast from each series will be put in the archives. For the other casts a separate set of files will be prepared for Patrick Cummins including all downcasts and upcasts.

The oxygen data has shown a poor time response in the past, but has been repaired by SeaBird. The output will be compared with bottle oxygen to see if the data is of sufficient quality for the archive.

The temperature and salinity traces track reasonably well, and up and downcasts are similar.

There is a lot of noise in the fluorometer channel.

4. WILDEDIT

Program WILDEDIT was used to remove spikes in the pressure channel only.  A test was run using it on the fluorometer channel but it had no significant effect on the noise in that channel. Parameters used were: 
Pass 1    Std Dev = 2

Pass 2    Std Dev = 5

Points per block = 50

5. CELLTM

Tests were run on casts #48, 53 and 61 to find the optimal parameter choice for CELLTM. Runs using  (0.02,7), (0.02,9), (0.03,7) and (0.03,9) were used for (alpha, 1/beta). The best choice was found to be (0.02,7) for both primary and secondary conductivity. CELLTM was run on all casts using those parameters.

6. DERIVE

Program DERIVE was run twice: 

on all casts to calculate primary and secondary salinity.

on all casts to calculate the differences between primary and secondary channels for temperature, conductivity and salinity and to calculate the descent rate. These were placed in a test directory and will not be archived.
7. Test Plots and Channel Check

Three deep casts (#48, 61 and 64) were plotted to check for agreement between the pairs of T and C sensors. All expected channels were present. There were no really deep casts. Compared to 2002-16 the temperature differences are a little higher and the salinity differences lower. This is likely the result of the different depths of the observations since 2002-16 had some very deep casts. It was noted during 2002-16 that there was some pressure dependence in the conductivity and salinity differences. During 2002-28 the temperature differences were similar and the salinity differences a little higher. 

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

	48
	350
	-0.0042
	-0.00005
	+0.003
	High, quiet

	61
	420
	-0.004
	-0.0001
	+0.0035
	High, quiet

	64
	345
	-0.0045
	-0.0001
	+0.003
	High for most of cast


1. Conversion to IOS Headers

The IOSSHELL routine was used to convert SEA-Bird 911+ data to IOS Headers.

The ROS files were converted to IOS files, and the extensions were changed to BOT.

2. Checking Headers

A header summary and a header check were produced. There were a few errors in station names that were corrected.

The average surface pressure is 2.0 db. 

The cruise track was plotted and looked reasonable.

CLEAN was run to replace pad values in pressure with interpolated values.

3. Test Plots

All casts were plotted and checked for evidence of problems with the processing or instruments. There are problems in the downcasts for #5 and 12 and upcast data should be used for the archive.

The fluorescence is extremely noisy especially for casts in Johnstone Strait; dark values were frequently greater than 0.4 well below 100db. There are some casts with deep values as low as 0.08 ug/l, the dark value found during 2002-28. The mixing was very strong in Johnstone Strait so the high dark values may be real.

Transmissivity values below 300db are on the order of 50%.

4. COMPARE

The BOT files were examined for errors; cast #83 was edited lightly (bottle #7 – S0). The original file was renamed as 2002-31-0083.bo1 and the edited file as 2002-31-0083.bot. 

Bottle #10 (125 db) for cast 105 (30 db) show a lot of variability in all properties. These bottles should not be included in the fit done in COMPARE.

COMPARE was run. When only bottles from 175db downwards are included in the fit and outliers rejected until the differences vs. pressure were fairly flat, the primary salinity was found to be high by about 0.0008 and the secondary by 0.0037 units. There is no evidence of time-dependence in either pair of sensors. The only sample below 400 db suggests a possible depth-dependence in the secondary salinity. There was no surface salinity sampling. (See 2231comp.xls)

COMPARE was also run on the data from the SeaBird dissolved oxygen sensor. The results were noisier than those observed during 2002-28, probably due to sea conditions and/or high variability. The SBE sensor appears to be low from about 0.19 to 0.23 ml/l depending on what data is included and there is no significant pressure dependence. There is some variability with time, with differences generally lower after cast #45. This does not suggest a change in calibration which we would expect to be more gradual. The later values are closer to those observed during 2002-28. Excluding casts 31 to 43 from the comparison gives a much flatter distribution with time. It appears that the SBE sensor is giving oxygen low by about 0.21 ml/l. 

The oxygen titration for bottle #1, file 2002-31-0031.oxy at 500m is suspicious; this was reported to Bernard Minkley. He later removed it from the OXY file.
There was no extracted chlorophyll data available to compare with the fluorometer.

5. CONDUCTIVITY SHIFT

Tests were done on a few casts to see if shifting the conductivity channel improves the spikiness of the salinity. Only the primary channel was tested and the differences found were small. The best results were with a shift of –0.4 records. This agrees with the results of other recent cruises using this equipment. The primary conductivity of all casts was shifted by –0.4 records.

6. OXYGEN SHIFT and CALIBRATION

Tests were done on using SHIFT to adjust the data from the dissolved oxygen sensor. Extensive work was done mostly using data from 2002-28. See Oxygen_Processing.doc

Tests on casts from this cruise show that the choice of shift interval varies according to cast and depth. This appears to be related to the descent rate – the slower the descent the smaller the shift needed. This shows that for optimal oxygen data keeping the descent rate steady is necessary. Since the probe cannot possibly capture very small features, it is only necessary to keep the rate steady averaged over a few metres. This also shows that shifting until the up and downcasts overlie each other is only useful if the up and downcast descent/ascent rates are the same. The best measure may be to shift the downcast until it resembles the downcast temperature, and until it matches bottle calibrations. A few sample casts were examined:

· For cast #46 the downcast descent rate was about 1, but the upcast was about 1.5m/s. The best advance for the downcast is about +220 but this does not lead to a good up/down comparison, presumably because it doesn’t shift the upcast enough.

· For cast #69 the ideal advance appeared to be +220 records, the descent rate was about 1 both down and up.

· For #84 the descent rate was fairly steady, around 1, occasionally a little lower and +240 had the best effect on the downcast.

· For #101 the descent rate was about 0.75 through the thermocline, higher below that and much higher for the upcast. Shifts of +160 records work well in the thermocline but it is difficult to judge at depth because the downcast temperature has a lot of structure not found in the oxygen or upcast temperature.

To compare with bottles, the bottle casts were put through shifts of 160,180, 200, 220 and 240, then put through DELETE, BIN AVERAGE, THIN and put through COMPARE. The differences were then found between the upcast bottles and the downcast CTD data. The average differences range from 0.16  to 0.19 ml/l. The minimum standard deviation in the differences occurs with the choice of +220 records. If this is taken as indicative of the best match then the addition of 0.18 ml/l gives the best fit with bottles. However, the differences are significantly pressure-dependent and oxygen-dependent so a more complex scheme is probably needed. (See 2231_comp-down_oxy.xls)

Many approaches were tried for calibration and the following scheme was chosen:

1. The usual comparison of titrated values from bottles and upcast rosette files was made as described in section 11. (See 2231oxy.xls) It showed no significant pressure-dependence but a lot of outliers were ignored. Time and oxygen dependence were great. Using the fit of differences vs SBE_oxy, file 2231rcal1.ccf 

SBE_Oxy (corrected) =  -0.0336 + 1.0774 * SBE_Oxy 

       was created and applied to the rosette files. 

2. COMPARE was rerun comparing those recalibrated rosette files with titrated values. (223oxy5.xls) (For this and all comparisons that follow only 4 outliers and all data from above 10 db were excluded.) Not surprisingly the oxygen dependence virtually disappears. The pressure dependence is even improved slightly and, most satisfying, the time dependence becomes very slight. 

3. COMPARE was run comparing the shifted, averaged downcast files with the titrated values (2231oxy4). As expected there is significant variation with time, oxygen and pressure. Then 2231rcal1.ccf was applied to all the averaged, shifted downcast files. Another comparison with bottles indicates some improvement (2231oxy1.xls). The time-dependence is much improved but clearly SHIFT is not enough to remove time-response problems.

4. Based on 2231oxy1.xls, a recalibration as a function of pressure was applied (2231rcal2.ccf). 

      SBE_Oxy (final) = SBE_Oxy (corrected) - 0.0908 + 0.0004 * Pressure 

Comparison after this recalibration (2231oxy2.xls) showed excellent results with little dependence on time, pressure or dissolved oxygen. [Another approach was also tried using a second oxygen-dependent calibration (2231rcal3.ccf), but was judged less effective. The comparison after using 2231rcal3.ccf  (2231oxy3.xls) showed greater pressure and time dependence, but slightly less oxygen dependence.]

The scatter is large and errors on the order of 0.4 ml/l are expected from 10 to 50m, 0.2 ml/l from 50 to 200m and 0.15 from 200m down. Oxygen values above 10m are systematically lower than bottles, by up to 1ml/l.

1. Special processing for Patrick Cummins PROPOSED SCHEME

There were a number of “cycling” casts with multiple down and up sampling. In order to process all the data the following steps were taken between SHIFT and RECALIBRATE:

· ADD TIME CHANNEL   SHF(ATC

· TIME-SERIES Plots were prepared to choose the fracture points

· FRACTURE  ATC(CY01, CY02, etc.

· Rename the files to include the cycle number so 2002-31-0026.CY32 becomes 2002-31-3226.CYC

· DELETE   CYC(DE1 to produce downcast files

· REVERSE  CYC(REV followed by DELETE  REV(DE2 to produce upcast files

· Copy DE1 and DE2 to ED1 and ED2

· Edit DE1 and DE2 files as necessary saving comments in a file to be added to the headers after the files are rejoined.  Save as ED3 &ED4 making sure that the upcast files get saved as ED4 

· Copy EDU1(ED1 and EDU2(ED2 or whatever names are appropriate

· Bin-average to get AV1 and AV2

· REVERSE AV2(REV

· Join all AV1 and REV files using a file list to create PRO files 

· Check that the time increases throughout.

· Remove unwanted channels (S1, T1, C0, C1, Fl, O2, Scan #, # of bins, flag)

· Reorder, fixing pressure format

· Add the comments file from the editing phase to the general header comments.

· Headedit (using header file from last step) to produce final CTD files files 

· Check that the time increases throughout by plotting vs time; compare with plots of ATC files vs time to ensure join done correctly.

1. DELETE

The following DELETE parameters were used: 

 
Surface Record Removal: Last Press Min and Low Salt 

   
Maximum Surface Pressure (relative): 10.00


Minimum Salinity: 10   
Pressure Tolerance: 1.0

Pressure filtered over 15 points

 
Swells deleted. Warning message if pressure difference of 2.00

 
Drop rates < 0.3m/s (calculated over 11 points) was deleted.

 
Sample interval =  .042 seconds.

For casts #5 and #12 the SHF files were put through REVERSE and then DELETE.

Five of the casts involved multiple up and down sections. These were examined to find the best choice for the downcast to go into the archive.

· Cast 19 – the final lowering is the deepest – records 22405 to the end

· Cast 21 – the 1st lowering is best – records 0 to 7200

· Cast 26 – the 10th lowering is the deepest – records 28586 to 31770.

· Cast 27 – the 3rd cast is deep and the descent steady – records 7300 to 11020

· Cast 30 – the first cast is a good choice – records 0 to 4300

A text editor was used to remove records before and/or after the selected lowering which were saved as CUT files. They were put through CLEAN and then DELETE was rerun for those casts.

COMMENTS ON WARNINGS: There were no warnings.

1. DETAILED EDITING

The DEL files were copied to EDT files.

The primary sensors were chosen for further processing because the primary salinity was closest to the bottles and there are ongoing doubts about the secondary pump. 

Page plots were produced using T0,S0. These plots were examined for spikes and instabilities and used to guide the use of CTDEDIT. Where unstable features were clearly due to shed wakes the data was removed. Salinity was cleaned where large spikes occurred. Small spikes (mostly “overshoots” in large T gradient areas) were cleaned only if it was clear they were due to imperfect alignment of T and C. 

The descent rate was generally quite steady and fairly high except for casts: 35,43,44,45,70,105,106.

The following casts required no editing: 4,6,7,10,13,14,15,20,21,23,25-29,31,34,38,46,66,69,77,78,83,84, 86,94,98,108.

Note was made of the editing details in the relevant files. 

The secondary pumps appear to have functioned badly at depth for some casts – notably cast #31. The fluorometer was mounted on the secondary pump so is likely affected in the same way. However, since the deep fluorescence values are not generally used no attempt was made to edit the channel.

After editing repeat casts were compared as a check on quality. Cast #12 looks bad, with great variations between up and downcast data and between primary and secondary sensors. None of the data resembles other casts at the same site and they lack details. This suggests that the pumps were not turned on. It will be deleted.

Casts #35 and 36 are very well-mixed from top to bottom (250db). This is believed to be real.

2. SPECIAL FLUOROMETER PROCESSING

At this point a set of edited files with data from the top 100db only was created using the IOSSHELL routine CLIP for the use of Angelica Peña.

For the data to go into the archives a median filter, size 11, was applied to the Fluorescence:URU:Seapoint channel to reduce spikiness. A few plots were checked before and after this step, and the filter was found to remove some spikes but many remain. This data is very noisy, possibly due to problems in the secondary pump. 

For casts #31 to 38 there is little change from top to bottom even as deep as 500db; these casts were from areas of intense mixing. For many of these casts the temperature and salinity are nearly constant from top to bottom as well.

For casts 39 to 60 the deep values are reasonable; some of the casts have an unusual peak between 50 and 100db, but similar variations in transmissivity are seen there too. From cast #61 to the end the noise level is very high especially below 250db. There was very little noise in the casts in Knight Inlet.

3. BIN AVERAGE

The following Bin Average values were applied to the edited files:

Bin channel = pressure



Averaging interval = 1.000
Minimum bin value =   .000

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

The same values were used for the BOT files except that the Bin Channel = Bottle Number.

After averaging, page plots were examined on screen and no further editing was deemed necessary.

4. Other comparisons

Previous experience with these sensors:

Salinity: The sensors were used during 2002-16 when there was a lot of noise in salinity probably due to pump problems. Both salinity channels were found to be higher than the bottles, by 0.0015 for the primary and 0.005 for the secondary. During 2002-28 the primary was low by 0.0011 and the secondary high by 0.0019.

Dissolved Oxygen: During 2002-28 the dissolved oxygen was found to be low by 0.009ml/l.

Historic ranges – The temperature and salinity data occasionally fall outside the seasonal climatology, but there is no pattern to this, so no suggestion of instrumental problems. In most cases these excursions involved temperatures slightly above the historic maxima, but at cast #97 the temperatures are low at from 80 to 130db. Salinity was generally within the historic ranges except for cast #94 when it was high at 15db and 40db and #97 where it was low from 80 to 130db. Unusual conditions have been observed widely in 2002.

5. Recalibration

The oxygen data will be recalibrated as described in section 13. The rosette files (BOT) will only be recalibrated using 2231rcal1.ccf since they are not subject to the time-response problem. The CTD files will be recalibrated using 2231rcal1.ccf and 2231rcal2.ccf.

The fluorescence data will be not be recalibrated.

The salinity calibration during 2002-28 was based on many deep bottles in low temperature-gradient water. Thus it is might be considered more reliable than the bottles from 2002-31. However, it is possible that the conditions were so calm that the bottles didn’t flush well and contain water from a little deeper than that sampled by the CTD. Since 2002-28 found primary salinity low by 0.001 and for 2002-31 it was high by about 0.001, it is probably wisest to split the difference and not recalibrate either data set. The errors will be small.

6. Final Plots

THIN and DERIVE were run to obtain values for tables and page plots were prepared using the edited data. Profile plots of temperature, transmissivity, dissolved oxygen and fluorescence were prepared.
7. REMOVE and REORDER

The following channels were removed from final bottle and CTD casts: Scan_Number, Temperature:Secondary, Salinity:T1:C1, Conductivity:Primary, Conductivity:Secondary and Flag.  

The channels were reordered and formats corrected as needed. 

The Standard Check routine was run and problems fixed.

EDIT HEADERS was used to add the following notes to the CTD files:
Fluorescence:URU:Seapoint – The fluorescence signal was unusally noisy. 

The secondary pump was not operating properly, but the problem is believed

to be significant only below 250m. The data are nominal.
Oxygen:Dissolved:SBE – This channel was processed by shifting +220 records with respect to pressure before removal of any records. Recalibration was done in two steps, using files 2231rcal1.ccf and 2231rcal2.ccf which applied the following functions:

SBE_Oxy (corrected) =  -0.0336 + 1.0774 * SBE_Oxy

SBE_Oxy (final) = SBE_Oxy (corrected) - 0.0908 + 0.0004 * Pressure


The anticipated errors in oxygen are:

· Above 10m the values are systematically low, by up to 1 ml/l

· ±0.4 ml/l  from 0 to 50m

· ±0.2 ml/l  from 50 to 200m

· ±0.15 ml/l below 200m

The final files were named CTD and RAC.

The clipped CTD files were put through the same steps and stored separately as FLCTD.

No bottle files were stored for Angelica Peña from this cruise since there was no chlorophyll sampling.

1. Producing final files

A cross-reference listing was produced.
The sensor history was updated.
Particulars 

5.  Pump problem during downcast. Use upcast.

12. Pumps not on. Tried using upcast and secondary but they also looks bad. DELETE.

19. Cycling 0-15m.

2. Cycling 0-20m.

26. Cycling 5-45m.

27. Cycling full cast.

30. Cycling full cast.

31. Problem with secondary pump below 300db.

51. During upcast CTD lowered from 30 to 40 db to get missed bottle.

105. A lot of variability for T, S for bottle at 30 db.
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CRUISE SUMMARY

	Cruise ID#:    2002-31

	Dates:   Start:  3 September 2002                   End: 13 September 2002

	Location: Knight Inlet/ SoG/JdeF

	Vessel:   Vector

	Party Chief: Masson D.


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

	1
	SEABIRD
	911+
	0585
	Yes
	Yes
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CTD Calibration Information

Make/Model/Serial#:
SEABIRD/911+/
0585



Cruise ID#:

2002-31


	Calibration Information

	Sensor
	Pre-Cruise
	Post Cruise

	Name
	S/N
	Date
	Location
	Date
	Location

	Temperature
	2023
	11/09/01
	Factory
	
	

	Conductivity
	1763
	17/07/01
	“
	
	

	Secondary Temp.
	2106
	18/09/01
	“
	
	

	Secondary Cond.
	1764
	14/09/01
	“
	
	

	Fluorometer –pumped
	2356
	07/01
	IOS
	
	

	Oxygen SBE43
	0047
	11/26/01
	Factory
	
	

	Transmissometer
	333DR
	01/08/01
	IOS
	
	

	Pressure Sensor
	77511
	13/03/00
	Factory
	
	


