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PROCESSING NOTES
Cruise: 2002-03

Agency: OSAP

Location: Strait of Georgia/Juan de Fuca Strait

Project: Strait of Georgia Monitoring

Party Chief: Cummins P.

Platform: Vector

Date: January 9, 2002 – January 15, 2002

Processed by: Germaine Gatien

Date of Processing: 7 May 2002 – 28 May 2002

Number of original CTD casts: 82

Number of casts processed: 82

INSTRUMENT SUMMARY
A SeaBird Model SBE 911+ CTD (#0585) was mounted with Transmissometer 498DR, SBE 43 Dissolved Oxygen Sensor S/N #0047 (on the primary pump) and Seapoint Fluorometer S/N #2336 (on the secondary pump). The deck unit was S/N #0425.

SUMMARY OF QUALITY AND CONCERNS
The data was in good order. The descent rate was generally high minimizing the effect of shed wakes.

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. There were a few small errors in the dates of calibration. These were corrected and the file saved as 2002-03-CTD.con. 

The conductivity sensors have not been used since the last calibration so there is no sensor history. 

3.  Conversion of Raw Data

The raw data was converted using configuration file 2002-03-CTD.con.

A preliminary check shows all expected channels present.

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

4. STRIP

The salinity channel was stripped from the CNV files so that DERIVE doesn’t create a 2nd set of salinity channels. The bottle number channel was stripped from the CNV files.

5. Oxygen Study
The SBE oxygen data is delayed with respect to pressure because of the long time constant of the sensor and the transit time in the pumped plumbing line. Seabird recommend an advancement of oxygen by +2s to +5s with the higher values applying to colder water.  Experience at IOS in 2001 suggests that higher values are needed. 

Before doing the alignment a study was made of the oxygen data. For this cruise the oxygen sensor was attached to the primary pump and a fluorometer was attached to the secondary pump. Often both sensors are attached to one pump and thus the transit time may be different. The results of this study may not be applicable to other cruises, but it is hoped that the techniques used will be easily applied to other data sets. 

( First, the oxygen titrations were compared with the rosette bottle values. The output will be a calibration that will correct for errors other than those associated with the time response since the bottle data was collected when the CTD was stopped and the oxygen sensor had time to “catch up”.

RESULTS: First, the rosette files were converted to IOSSHELL and renamed BOT. The COMPARE routines were then run using BOT and OXY files as input. The differences were plotted against pressure, file pair number (to look for temporal drift) and CTD oxygen value. There appears to be a slight dependence on pressure and time but this is hard to separate from a dependence on the oxygen values. In fact, the latter seems to be the controlling factor. Cast #1 looked very different from casts #2 and #72 when differences vs. pressure were plotted. But when they are examined on a plot of differences vs. CTD oxygen, it becomes clear that cast #1 is different from the others because there were some very low oxygen values. Casts #1 and 2 look remarkably alike in the differences vs CTD oxygen plots. Cast #72 looks a little different suggesting that the errors may have become a little lower with time, but the change is probably not significant. A linear fit was found with an offset of -0.112 and a slope of 1.1; most values were within (0.03ml/l of the linear fit. (See 2203oxy.xls for details.)
( The bottle comparison shows the errors when the oxygen sensor has had time to equilibrate, but not errors due to the time response and pump transit time. Alignment can minimize those errors, but how should we choose the best value for alignment. Different approaches were considered:

1. During rosette sampling the oxygen sensor has time to come to equilibrium (at least it comes close). So at the end of the rosette sampling the oxygen values should be what would be found if the response time were not a problem. Examine the downcast section of a CTD file looking for a place in the downcast that has a temperature and salinity approximately equal to that sampled by the rosette on the upcast. Note the pressure. Then find the downcast pressure at which the dissolved oxygen value is equal to that from the bottle. Find the difference in pressure. This will indicate the depth to which the measured oxygen actually applies. This difference, caused by delays due to time response and pump delay, is what the ALIGNCTD program must attempt to account for. This method is only useful if the downcast and upcast were sampling the same water, so a plot of the full cast on a T-S surface should be made to ensure that this is so. It is helpful to pick an area of large gradient, but without a lot of fine structure.

RESULTS: This cruise did not sample many “quiet” spots. However, cast #1 in Saanich Inlet is an appropriate choice. For the bottles at 30.7db and 100.6db it was found that the temperature and salinity correspond to points in the downcast at 31.2db and 101.3db. The oxygen values from the bottles correspond to values found in the downcast at 71.0db and 140.0db. This implies that the measured CTD oxygen actually corresponds to pressures almost 40db above that recorded. A second cast was examined (#56) and the bottle at 50.49db has T and S values similar to those at 29.3db of the downcast. The oxygen values correspond to those at 60.6db of the downcast. So a difference of 30db applies to this cast. Given a descent rate of about 1m/s this would imply an alignment setting of 30 to 40s. 

2. Plot upcast with downcast after applying ALIGNCTD; adjust the parameters until the vertical displacement of the oxygen looks as much as possible like that of temperature. This will allow for the differences due to internal waves, but minimize the error caused by slow oxygen response. The optimal value will depend on the descent rate and on the local gradient, so there is not a “right answer”. Another way to assess the parameter choice is to plot downcast vs upcast where the CTD stops for bottles. If the upcast oxygen values at the end of the stop are similar to the downcast values then the alignment is probably good.

RESULTS: The best results vary greatly. Looking at 4 casts values of  +11s(cast #1), +14s(cast #42 and 65) and +15s(cast #51) seemed appropriate. This requires two passes through ALIGNCTD since it will only advance by 500 scans at a time. The difference between this result and the 30-40s found above is probably because alignment can only address the vertical offset of values, not the averaging effects.

3. Examine CTD oxygen values during stops for bottle sampling. It is possible to see how long it takes for the oxygen sensor values to reach equilibrium and from this determine a suitable alignment setting. The bottles near the bottom are not useful for this purpose since the CTD would have been stationary or moving slowly for some time. Also depths at which the oxygen is near a minimum will be too confusing to interpret. 

RESULTS: It appears that the sensor can take up to 30 to 40s to equilibrate which implies a vertical offset of about 30 to 40m. This delay is due to three factors, shed wake effects, time response of the sensor and the delay in being pumped to the sensor.  The temperature equilibrates in about 10s which should give some idea of the effects of shed wakes. The oxygen continues to climb for another 20 or 30s. There are too many variables to make a judgment on how much of the error is due to factors that alignment might address.

4. Finally oxygen saturation should be calculated for a few casts to check that reasonable values are obtained near the surface.

RESULTS:

Casts #1, 42, 51 and 65 were put through ALIGNCTD using +14s. They were then converted to IOS HEADERS, put though calibration to correct oxygen and then DERIVED QUANTITIES to calculate oxygen saturation. Plots were then made of oxygen saturation vs. pressure. The surface values were ~80% for cast 1 and ~100% for the others. These seem a little low, but similar values are obtained with no alignment of oxygen and with no recalibration, so this is not an indication of problems with the processing.

5. Discussions with Dave Mackas support the conclusions that the slow time response is a much bigger problem than suggested in the SeaBird manual. Dave has some ideas on better ways to correct for this (lab tests plus reverse filtering). He will pursue this and the data may need revisiting later. 

6. ALIGNCTD

The deck unit is one of the older versions that advance only the primary conductivity channels by 0.073s. Tests of alignment were made on casts #3, 8,60 and 76 using net advancements of 0.073s, 0.060s, 0.055s, 0.050s and 0.045s; the best results were obtained with 0.050s – 0.060s for the primary and 0.060s for the secondary. 

Align was run on all casts using –0.013s for the primary conductivity and  +0.060s for the secondary  conductivity for a net advancement of +0.060s for both.

Oxygen was advanced by +10s in the first run and a second run was done to advance it a further +4s. (It was later decided that the oxygen was too unreliable for the archive so this channel was stripped from the files later in the processing.)

7. WILDEDIT

Program WILDEDIT was used to remove spikes in all channels except scan number.  Parameters used were:   
Pass 1    Std Dev = 2;
Pass 2    Std Dev = 5;
Points per block = 50

8. CELLTM

Tests were run on casts #3,8 and 65 to find the optimal parameter choice for CELLTM. Runs using (0.0245,9.5), (0.2,9), (0.3,9), (0.3,7) and (0.3,7) were used for (alpha, 1/beta). The overall best choice was found to be (0.3,9) but the differences were not large; CELLTM was run on all casts using (0.3,9).

9. DERIVE

Program DERIVE was run twice: 

1.  on all casts to calculate primary and secondary salinity.

2.  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.
10. Test Plots and Channel Check

A sample of casts was plotted to check for agreement between the pairs of T and C sensors. All expected channels were present. The secondary conductivity and salinity are much noisier than the primary. The data was studied to see if the noise in the conductivity was related to noise in temperature, fluorescence, oxygen or the descent rate and no relationship was evident.

The differences in conductivity and salinity were extremely noisy and the values that follow are very rough averages:

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

1
182
.0008
-.0004
-.005
Mostly high, steady

32
330
.0008
-.0004
-.005
Mostly high, mod. noisy

54
340
.0008
-.0035
-.0045
Mostly high, fairly noisy

71
405
.0009
-.0035
-.004
Mostly high, fairly noisy

11. 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. 

All casts were plotted and checked for evidence of problems with the processing or instruments. When plotted some upcasts look very different from downcasts, but only because the water is very well mixed so the ranges are small. In this region and season the horizontal differences are on a similar scale to that of the vertical differences. With plots on such a fine scale it is interesting to note that the upcast data is much smoother presumably because the CTD package mixes the water before the sensors sample it. 

12. Checking Headers

A header summary and a header check were produced.  Station names were added to casts #1 and 2 and corrected for cast #26. The average surface pressure is 1.7db

The cruise track was plotted and looks reasonable.

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

The following DELETE parameters were used: 

 
Surface Record Removal: Last Press Min 

   
Maximum Surface Pressure (relative): 10.00

   
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 15 points) was deleted.

 
Sample interval =  .04 seconds.

COMMENTS ON WARNINGS:

There were no warnings in the DELETE log. 

Comparing the maximum pressure before and after DELETE shows that little data was lost from the bottom of casts. The average loss was 0.5db and only 2 casts showed a loss of more than 2db. Those two were studied and it was found that the data lost was corrupted by shed wakes. (See delete_study.xls.)

All DEL files were copied to EDT files.

14. COMPARE
The BOT files were examined for errors. The primary salinity at the bottom of cast #53 looks odd. The secondary salinity shows little variation but there are discrete areas of variability in the primary. CTDEDIT was used to clean the primary salinity in this cast only. Note was made of this in the header.

COMPARE was run. The deepest bottle from cast #42 was rejected because the difference was very large and according to the log the CTD hit bottom. When only bottles from 150db are included in the fit the primary salinity was found to be high by about 0.0038 units and the secondary low by 0.0005 units. This is consistent with the differences found in section 10. There was no significant drift of salinity with time. (See 2203comp.xls)

15. DETAILED EDITING

The primary sensors were chosen for further processing because they were very stable and showed much less noise than the secondary. 

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. Other unstable features were left unedited since the data comes from very active mixing regions.

The following casts were edited at the surface or bottom only: 3,12,15-17,19,20,23,24,27,29,30,32,33, 67 and 83.

The following casts were edited more extensively: 1,4-11,13,14,21,36-45,47,50-54,56,58,61,68,70-74, 77,78,81,82.

The descent rate, while frequently noisy, was generally kept high minimizing problems with shed wakes.

Note was made of the editing details in the relevant files. The edited files were copied to EDT files so that a complete set of files exists with either edited data or data that does not require editing.
16. SPECIAL FLUOROMETER PROCESSING (FILTER AND BIN AVERAGE)

A median filter with fixed size 11 was applied to the SeaPoint fluorometer channel to reduce spikiness. Casts #1,2 and 8 were examined before and after this step and showed that the filter was effective.

BIN AVERAGE with an average interval of 0.25m was applied to the output of the filter. The ¼m-averaged files were stored in a separate directory for the use of Angelica Peña.

The dark value varies from .06 to .27(g/l below 200db with the lowest values in Saanich Inlet and the northern end of the Strait of Georgia. The maximum value for the cruise is about 1(g/l. There was no chlorophyll sampling. 

17. BIN AVERAGE
The following Bin Average values were applied to the BOX files for general use:

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.

18. Other comparisons

Previous experience with these sensors – there is no history available since the sensors have been recalibrated since last use.

Historic ranges – All casts with range information were examined. For many of the casts in the Juan de Fuca Strait the salinity was lower than the historic range near the bottom and in some cases around 50db. The temperature was higher than the historic range for part of casts #7 (below 160db) and #8 (from 50-80db and below 160db). The pairs of sensors agree and there is limited data in the historic ranges for this season. Diane Masson considered the values reasonable.

19. Recalibration

The SBE 43 oxgyen data will not be archived at this time. So it was not recalibrated. Further research may be put into the processing of this data and the channel may be added to archive in the future.

File 2203rcal.ccf was used to recalibrate the AVG files (including those in the IOS directory, the HYDRO directory and the FLUOR directory) as follows:

· primary salinity –  offset: -0.0038 units

· secondary salinity –  offset:  +0.0005 units 

· Chl_fluorescence -  offset: 0.06(g/l

The SAM files were recalibrated and named SAC and COMPARE was rerun on the recalibrated data. The results are satisfactory with average differences near zero for both sensor pairs. (See 2203com2.xls)

20. Final Plots

THIN and DERIVE were run to obtain values for tables and page plots were prepared using the edited data.
21. REMOVE and REORDER

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

The channels were reordered and data format corrected as needed. 

The Standard  Check routine was run and problems found were corrected using REORDER and EDIT HEADERS. The final files were named CTD and RAC.

22. Producing final files
1. A cross-reference listing was produced.
2. The sensor history was updated.
Particulars

42. Hit bottom. Mud in oxygen sensor.

53. Data at bottom looks odd, especially primary conductivity – Pump problem?

64. Hit bottom. Mud in oxygen sensor.
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CRUISE SUMMARY

Cruise ID#:    2001- 03

Dates:   Start: 9 January 2002                           End: 15 January 2002

Location: Strait of Georgia and Juan de Fuca Strait

Vessel:   CCGS VECTOR

Party Chief: Patrick Cummins

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

1
SEABIRD
911+
0585
Yes
Yes

Institute of Ocean Sciences

CTD Calibration Information

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




Cruise ID#:

2001-03


Calibration Information

Sensor
Pre-Cruise
Post Cruise

Name
S/N
Date
Location
Date
Location

Temperature
2038
11/09/01
Factory



Conductivity
1729
17/07/01
“



Secondary Temp.
2968
18/09/01
“



Secondary Cond.
2664
14/09/01
“



Fluorometer –pumped
2336
07/01
IOS



Oxygen SBE43
0047
11/26/01
Factory



Transmissometer
498DR
01/08/01
IOS



Pressure Sensor
77511
13/03/00
Factory



