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PROCESSING NOTES
Cruises: 2012-43
Agency: Ocean Sciences Division, Sidney, B.C.

Project: Cobb Seamount ROV/AUV Survey
Area: North-East Pacific 
Chief Scientist: Curtis J.
Platform: J.P. Tully
Date: 17 July 2012 – 28 July 2012
Processed by: Germaine Gatien

Date of Processing: 17 January 2014 – 4 February 2014
Number of original CTD casts: 37 (1 missing, 4 aborted and restarted)
Number of casts processed: 32
INSTRUMENT SUMMARY
A Sea Bird Model SBE 19+ SEACAT CTD (S/N#5299) was mounted with an SBE 43 DO sensor (# 1483). 

SUMMARY OF QUALITY AND CONCERNS
No log was available. There was a spreadsheet with positions and times but there was some ambiguity about matching cast files to those entries. With help from the chief scientist these were resolved. The event numbers do represent the order in which casts occurred, but do not match the ID entries in the spreadsheet, which are entered in the CTD file headers as station names.
Times in the raw CTD files were in PST, while in the spreadsheet they were in PDT. The final files have time in UTC.
The manufacturer recommends that this type of CTD be soaked at 10m for a few minutes. During this cruise there was a soak of about 1 minute at the 1 to 2m level, which was probably adequate since there was not a large difference in temperature between air and water. 
The descent rate of the CTD frequently exceeded 2.5m/s, and often dropped suddenly to speeds of -1m/s. Descent rates below about 0.5m/s usually result in data corruption when shed wakes carrying water dragged by the CTD and cable overwhelm the CTD sensors. This is not as big a problem as when there is a rosette, but there was some such corruption of these data. Even before reaching that low a speed, noise is often found in the salinity data that may be due to the effect of rapid deceleration on alignment. These very high deceleration rates are assumed to be due to swell and are common in deep casts from the J.P. Tully.
The high descent rate also leads to a reduction in data available; this CTD collects 4 records per second, so when the descent rate is >2m/s, there are <2 records per metre. There are more records when the CTD is slowing, but those records are often corrupted.
There was no DO calibration sampling during this cruise, but there was for cruise 2011-08 when the same sensor was used. The 2011-08 results were used to update parameters SOC and Voffset in the configuration file used to process these data. Any drift in calibration is expected to produce dissolved oxygen concentration values that are too low.
Salinity for this cruise has been edited but large errors likely remain especially near the surface where gradients are large. Seabird 19+ salinity is prone to error due to mismatch of conductivity and temperature response times, especially when the descent rate is non-uniform. These errors are likely to be much larger than calibration errors. A rough estimate of salinity errors for this cruise is ~0.02units in the thermocline and <0.005 below 100m errors. Errors in the mixed layer will be chiefly due to calibration drift for which there is no estimate since there was no salinity calibration sampling during this cruise or any other cruise since the last factory calibration. 
PROCESSING SUMMARY
1. Seasave - This step was completed at sea; the raw data files are *.hex. 

2. Preliminary Steps

There was no log available. There was a spreadsheet which has id numbers that do not match the cast names in the files. This will be investigated later.

Conversion of Raw Data

The parameters in the configuration file used at sea were correct and were saved as 2012-43-ctd.xmlcon. There was no calibration sampling, so the results of 2011-08 were used to update the Soc/Voffset values for the dissolved oxygen sensor and the updated file was saved as 2011-77-ctd-new.xmlcon.
The raw data were converted using conversion file 2012-43-ctd-new.con. 

After conversion the file names were changed to standard format assuming the cast numbers in the original file names are event numbers. The standard format will enable conversion to IOS SHELL, at which point investigations can be made to ensure casts are in time order.
Examination of a few plots suggests that the surface was close to 0db both for the downcast and upcast judging by the conductivity, with the maximum error ~0.2db. There were soaks of at least 1 minute at about 1db. A 2-minute soak at 10m is recommended for this instrument because the pumps don’t come on for 30s and there is some equilibration after that. However, the air and surface water temperatures were probably close which reduces the time needed to warm the CTD and there is no evidence of significant problems with the downcast temperature and salinity for these data. So the shorter soak was ok.

A few problems were found:

· Cast #3 contains only a few surface records.

· An initial attempt at converting files turned up a problem with cast #15. The pressure channel is heavily corrupted on the upcast, so a text editor was used to remove records after #5460. 

· Cast #19 was converted successfully, but the data are full of spikes, so a return was made to the beginning to investigate this. There are large sections of bad data – this looks like a dump of data from some other cast. One section of bad data looks like data from the end of the previous cast. Records 1092 to 1771 and 2525 to the end of the file were removed. Pad values were entered for some other bad data points. Occasionally there is an erroneous pad value of 99.000 which was replaced with -99.000.
3.  FILTER

The temperature and conductivity channels were low-pass filtered with a time constant of 0.5 seconds to smooth high frequency data. 
4.  Align CTD

Tests were run to find appropriate advancements for T and DO. The results are not easy to interpret, but a value of +0.5s for temperature looks reasonable and is recommended by SeaBird. 
The dissolved oxygen has been advanced by 4.4s in previous uses. The DO data are too noisy to make a clear judgment on the best setting.
The temperature data were advanced relative to pressure by 0.5s.

The dissolved oxygen data were advanced relative to pressure by 4.4s. 
5.  CELLTM

Tests were run on 3 casts using a variety of settings to see which made the upcast look most like the downcast.

CELLTM was run on all casts using (α = 0.02, β=7) for the conductivity channel.
6.  DERIVE

Program DERIVE was run to calculate salinity and dissolved oxygen concentration.

7.  Conversion to IOS Headers

The IOSSHELL routine for Sea Bird ASCII files was used to convert the Sea-Bird data to IOS Headers. 

The station names, bottom depths and positions are missing from the headers. Positions and some station names are provided in the spreadsheet, “2012-43 CTD_cast_locations_with_time.xlsx.” 

Spreadsheet 2012-43-hdr_merge.csv was prepared by matching information from the spreadsheet with that from the cast files. Later some logic checks such as ship speed and ship tracks can be used to see if there are any obvious errors. A few items that had to be kept in mind were:
· There is no file named cast #1 and too little data in casts #3, 17, 31 and 33 to be worth processing. So there are 32 files that need identification.
· The spreadsheet list contains 33 events, of which one has a time well before any of the cast file times. This could be due to an error in either the CTD file or spreadsheet file, or the first cast file might either have not been recorded or been overwritten.
· Large gaps in time between CTD casts were useful in relating the two lists.

· The start times in the files appear to be in PST while the spreadsheet has PDT, so adding one hour to the file times should lead to a match. Times likely don’t match exactly as the entry might have been taken using slightly different stages of operation or clocks might not be in exact agreement.

· Cast files #6 to #37 match times with the events of July 24th onwards in the spreadsheet. There are 3 other casts in each list, so it is assumed they match. 
· Cast #2 differs by just 15 minutes, so that is likely a good match.

· Casts # 4 – 6 were confusing with 4 not matching anything well and the others appearing offset from their best matches. The chief scientist checked and found the date was wrong for one spreadsheet entry. When that was fixed and the entries reordered on time, the matches were fine except that no match was found for the first item in the spreadsheet. 

From this point on casts #3, 17, 31, 33 will not be processed. 

The positions were converted to standard IOS SHELL style.  This requires considerable manipulation to get results that look like: 
    LATITUDE               :  48  24.06000 N  ! (deg min)

    LONGITUDE           : 125  53.82000 W  ! (deg min)
The station names were changed to format ID ** with the ID numbers taken from the spreadsheet.
Program MERGE CSV FILE TO HEADERS was run to add the headers to the IOS files.
CLEAN was run to reset the header values and to replace pad values in the pressure channel with interpolated values based on record number.
ADD TIME CHANNEL was run to convert the file times to UTC by adding 8 hours.
8. Checking Headers

ADD TIME CHANNEL was used to add 8 hours to each header time.
Header Check was run and showed some large negative pressures in cast #19. Plots of pressure versus scan number were made to see if there were other problem casts, but no others were found. 
A return was made to edit the original CNV file and run it through the steps described in §3 to §8. A plot was made of the result and the pressure spikes are gone, but there are some bad salinity and dissolved oxygen concentration values that will be addressed at the CTDEDIT stage.
A cross-reference list was produced and no problems were found. 
The surface check was run. The average surface pressure is-0.08db. The pressure calibration looks appropriate and no correction is indicated. 
9. SHIFT

Tests were run to see if a shift in conductivity might improve the salinity, which tends to overshoot when temperature changes suddenly. But small shifts in either direction produced worse results, so SHIFT was not run.

10. Test Plots
Profiles were plotted for all casts and no serious problems were noted other than the cast #19 spikes.
11. DELETE

CLIP was run to remove 250 initial records to simplify editing by removing spikes before and during the soak period.
Then DELETE was run on the CLIP files using the following parameters: 

  Surface Record Removal: Last Press Min    Maximum Surface Pressure (relative): 10.00   

  Surface Swell Pressure Tolerance: 1.0
     Pressure was filtered, width = 5
  Swells deleted. Warning message if pressure difference of 2.00

  Minimum Drop Rate 0.5m/s over 5 records between 10db and 10db above maximum pressure

The only warnings in the Delete log came from cast #19 which led to finding another bad pressure value that was replaced with a pad value.
12. CTDEDIT
An initial attempt to edit showed more variability in the salinity data than expected, so more tests on the ideal settings for the adjustments made in processing. However, no settings could be found that made things better. The cause is likely the very noisy descent rate leading to corruption and misalignment, but we also have to expect errors due to inexact alignment in the presence of a large temperature gradient, which is always a problem with this type of CTD. Typically the SBE 19+ has a problem at the top and bottom of the thermocline and when the gradients are very high, these have been estimated to be as high as 0.05. For these data there is usually a well-mixed layer to about 25m, then a drop in temperature by ~4C° between 25 and 60m, followed by a lower temperature gradient. This is not an extreme gradient, so we might expect a salinity error of <0.05. 
Shed wake corruption and/or noise due to sudden large changes in descent rate will confuse the analysis of alignment errors. But a few casts were found where the descent rate was relatively steady in the top 100m. At the base of the mixed layer the salinity for two casts looked fine, but for another it moved too high and then too low. At the bottom of the thermocline there was no notable error. In the high gradient zone the salinity was highly variable with swings on the order of 0.03 for one cast, but quite smooth traces for others. These swings are rarely unstable in T-S space. So we might estimate a maximum error in salinity due to misalignment of ~0.03. Metre-averaging will reduce this slightly, but there are few data points in a metre when the descent rate is very high.  Editing will also reduce the errors. So, as a rough estimate, the salinity in the thermocline is ±0.02. 
CTDEDIT was used to remove records near the top (likely taken during the soak) and records corrupted by shed wakes and to smooth salinity, as required. All casts required some editing. 
For cast #19 some data were removed due to corruption due to pressure channel spikes.

Notes were entered in the headers about editing applied.

13. Study of negative DO values

Header Check was run and the only problem found was some negative DO values. Each of casts #22, 23 and 36 had just a single negative value, so those were replaced with pad values.

The dissolved oxygen concentration channel is not normally edited, because corrupted points are removed in the editing of temperature and salinity. However, there can be residual problems in the DO data due to temperature spikes that get spread in filtering. Plots were made of the full DO profiles and large spikes were found in a few casts: 10, 21, 22, 23, 25, 26, 28, 36. These were removed using CTDEDIT. 

CLEAN was run to update the header limits. Header Check was rerun on those files and no further negative DO values were found.

14. BIN AVERAGE

The following Bin Average values were used:

Bin channel = pressure       

Averaging interval = 1.000            Minimum bin value = .000

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

Page plots were examined and no further editing was needed.
15. Inter-comparisons
Previous Use of CTD – This CTD has been used on one other cruise that has been processed at IOS since it was last checked at the factory. During 2013-77 which followed this cruise there was no calibration sampling for salinity. The SBE dissolved oxygen.sensor was used 3 times in 2011 and during 2013-77 with DO calibration sampling available only from 2011-08. Pressure and salinity were not recalibrated for 2013-77 and the 2011-08 data were used to recalibrate DO for that cruise.
Repeat casts – There were no repeat casts, but T-S plots of nearby casts are reasonably close given differences in time and position. 
Historic ranges –All data fell within local climatology.

16. REMOVE and HEADEDIT

The following channels were removed from all casts: Scan_Number, Conductivity, Oxygen:Voltage:SBE, Descent_Rate and Flag.

The HEADEDIT routine was used to fix channel names, units and formats and to add the following comment to the headers:
******************************************************************************
Salinity data are given with 3 decimal places due to concerns over data quality.

The descent rate of the CTD was extremely noisy with very high deceleration

rates which appear to affect the alignment of temperature and conductivity

channels. SeaCat salinity is always prone to error due to a mismatch of 

conductivity and temperature response times, especially when the descent rate

is non-uniform. Such errors are likely to be larger than calibration errors. 

There was no salinity calibration sampling during this cruise.

SeaCat salinity errors are expected to be as high as 0.05 units in areas of

high gradients. For these data  temperature and salinity gradients were not

extreme, so the error due to mismatch in T and C is estimated to be up to

0.02 in the top 100m and 0.005 below that, though editing and metre-averaging

should reduce the errors somewhat. 

The dissolved oxygen parameters in the configuration file were updated by using

the values for SOC and Voffset that were determined by calibration sampling

during cruise 2011-08 in April 2011. There was no calibration sampling during

this cruise. Values are apt to be a little low due to drift in sensors.

Oxygen:Dissolved:SBE data are unedited except that some records were removed in

editing temperature and salinity, and a few large spikes were removed.
******************************************************************************The standards check routine was run and no further problems found.

17. Producing final files

a.) The final files were renamed *.ctd.

b.) A cross-reference listing was produced.
c.) A header check was run and no problems were found.
d.) The sensor histories were updated.
Institute of Ocean Sciences  

CRUISE SUMMARY

Cruise ID#:
2012-43
Dates: 
Start:
17 July 2012
    End:
28 July 2012


Location: North-East Pacific                 Vessel:    J.P.Tully
Party Chief: Curtis J.
	CTD#
	Make
	Model
	Serial #
	Used with Rosette?
	CTD Calibration Sheet Competed?

	1
	SEABIRD
	SeacatPlus
	5299
	No
	Yes


CTD Calibration Information
Make/Model/Serial#: SEABIRD/SEACATPLUS v1.6b / 5299             
Cruise ID#:
2012-43
	Calibration Information

	Sensor
	Pre-Cruise
	Post Cruise

	Name
	S/N
	Date
	Location
	Date
	Location

	Temperature
	5299
	12Jan11
	Factory
	
	

	Conductivity
	5299
	12Jan11
	Factory
	
	

	SBE 43 DO sensor
	1483
	24Dec10
	Factory
	
	

	Pressure Sensor
	5299
	29Dec10
	Factory
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