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PROCESSING NOTES

Cruise: 1996-31 

Agency: IOS

Project: Beaufort Sea

Chief Scientist: Fiona McLaughlin

Platform: CCGS Louis S. St. Laurent

Date: 10 September 1996 – 24 September 1996

Processed by: Germaine Gatien

Date of Original Processing: 12 July 1998 – 13 August 1998

Date of Reprocessing: 22 March 2002 – 14 April 2002

Number of original casts: 97 (55 ICTD, 42 MCTD)

Number of casts processed: 94 (55 ICTD, 39 MCTD)

INSTRUMENT SUMMARY

Two Falmouth Scientific Inc.  CTDs were used:

Instrument Type:  FSI ICTD 

Instrument Serial Number: 1329

Instrument Type:  FSI MCTD 

Instrument Serial Number: 1534

SUMMARY OF QUALITY AND CONCERNS

There is uncertainty about the pressures for the ICTD. It has been found from other uses of the FSI ICTD in the Arctic that the pressure sensor needs to equilibrate at depth (say 50m) and then be raised to the surface to do a full cast. During this cruise the ICTD was held near the surface for a few minutes. It is expected that the pressures will be high near the surface and for most of the shallow casts; the error should gradually reduce so that pressure values from below 200m are likely to be more accurate. A linear pressure-dependent recalibration has been applied (equivalent to adjusting the pressure offset with time during the cast -see details in section 3) but pressure should only be considered ±3db

There are also uncertainties in pressure for the MCTD. While the pressure sensor does not seem to take as long to equilibrate as the ICTD many casts contain jumps in values of from 2 to 10db between one record and the next followed by a slow decay back to the presumed true value. No recalibration was applied; pressure should be considered ±3db.

There is no record of the transmissometer serial number. Since #254 was used during previous Arctic cruises (9438 and 9526) and was recalibrated in August 1996 just prior to this cruise, it has been assumed that this instrument is the one used during 9631.  Similarly it is assumed that the fluorometer used is #93S. Both data sets were removed from the final files pending knowledgeable processing and calibration. Routine procedures for maintaining consistency in optical data, if followed, were not logged. Transmissivity and fluorescence have been saved in separate files.

The temperature and salinity data for the MCTD has been recalibrated to match the ICTD; the quality of this adjustment is limited by the configuration of the deployment for the intercalibrations; the two instruments were not sampling at exactly the same depth nor at the same rates.

The time increment in the raw section of the headers has been corrected in the files to be archived but is incorrect in files from early stages of processing (before the filtering stage.) It should be 0.275s for the ICTD and 0.616s for the MCTD.

PROCESSING SUMMARY

This data was reprocessed in March 2002. The preliminary steps from the original processing were reused.

1.Preliminary Steps (This step was done in July 1998; when revisited in 2002 the Daily Log was available and corrections to times were made later in the processing)

The Log Book was not available. A spreadsheet titled Scientific Log was obtained; it detailed times, positions, depths and work done at each site. The salinity bottle data was obtained (paper copy only) and the cruise summary sheet was completed.

The cast numbers were changed to IOS format. Casts using the ICTD used designations such as D3; these were renamed 96**00**.raw. MCTD casts were named with a ‘1’ in the 6th place so that cast 1 is named 96310101. (Note that originally the ‘1’ was in the 5th place but because this caused difficulty with plotting it was changed.)

For the ICTD the data (*.raw and *.bt1) was converted to IOS Headers in IOSSHELL using “CONVERT FSI RAW FILES” with 1329.cnf as configuration file. Errors in headers had to be fixed before conversion: the format of the year was wrong and the latitudes and longitudes lacked a hemisphere entry and sometimes had wrong format. Channels were found for transmissivity and fluorometer data, but there is no indication of instrument serial numbers. 

The MCTD data was found in multi-cast files with no station identification other than time; much care had to be taken to create files with proper headings and to remove and/or interpolate corrupted data. Several casts contained no useful data and were deleted. Conversion was done using the IOSSHELL routine “CONVERT FSI MICRO CTD FILES” with the configuration file 1534.cnf.  Station positions and names were entered manually as part of this process. The time was incorrectly entered as UTC. In fact, the time is CDT or UTC - 7 hours.  This will be corrected later in the processing.

The header check, header summary and cruise track were produced. A number of errors were found in the station positions (casts #1,25,46,47,and 55) and times (casts #24,25 and 41). These were corrected in the headers of the raw converted files. The station names were entered at this time. HEADEDIT was used to add the missing items to the headers. Depths were entered using data from the Scientific Log sheet.

2. Preliminary Editing and Despiking (This work and all that follows was done in January 2002)
Record numbers were added using ADD TIME CHANNEL to enable time series plotting.

Time series plots were produced for all casts and were reviewed to guide editing. 

VIEWEDIT was used to despike and to delete records at the beginning or end of some casts. The slow equilibration of the pressure sensor creates records with decreasing pressures while the CTD was held near the surface. Such records were removed where they would lead to an inappropriate choice of data by DELETE, but enough lead records were left to ensure that time compensation would work properly. 

Records at the end were removed only where large spikes or sudden changes to “out-of-water” values would hinder plotting using the header limits. There were very few spikes in the data; there were small spikes in ICTD pressure that should be dealt with by filtering in DELETE.

There were jumps in MCTD pressure for some casts (1,2,4,6,7,14) ranging from 3db-10db; theses were smoothed but the accuracy of the pressure is in question. The largest jump was for cast #6 at ~1060db.

ICTD
The despike routine in Viewedit was used to remove spikes in the following casts: 6,16,17,20,54.

VIEWEDIT was used to remove records from the beginning and/or end of the following casts: 4,6,7,9-11,14-20,24-30,32-55.

MCTD
The despike routine in VIEWEDIT was used to remove spikes in the following casts: 102,106,109,120, 122.

VIEWEDIT was used to remove records from the beginning and/or end of all casts.

All data was put through CLEAN to fix the headers.

3. Editing of headers based on Daily Log
The MCTD casts are all in UTC-7 hours, so this was fixed first using the IOSSHELL routine ADD TIME CHANNEL.

Cross-reference listings were produced to check the times and positions against those given in the Daily Log.  

•Where there was a discrepancy of 5 or more minutes between the log time and that in the data file headers, a text editor was used to change the headers. 

•The positions were checked against the log and while differences were found most were small (the largest were ~0.5km). There were two navigational systems with no indication of which was used; since the formats used in the log book vary from entry to entry it seems likely that different systems were used at different times. The log entries may have been made at different stages of the cast as well – only one time is entered per cast. The format in the headers are consistent. The positions in the headers were left unchanged.

Cross-reference listings were produced again to check for inconsistencies and none were found. 

HEADER CHECK and TRACK PLOT were also run on both ICTD and MCTD and no errors were found.

3. Pressure Study

ICTD

The downcast surface pressures were available for 24 casts and ranged from 4.8db to 8.3db with an average of 6.5db. From previous experience with this pressure sensor it is expected that these values are high since the CTD did not have an initial soak at depth. 

A study was made to determine what the pressure offset should be by studying the end of the upcast section of all casts; the first pressure for which the ICTD appeared to be at the surface was recorded (see file ICTD_pressure_study). The point at which the conductivity fell suddenly to low values was judged to be the surface. This method was used for cruises 1997-20, 1997-21, 1997-22 and 1998-12. For the latter cruise when the CTD was generally soaked at 50m before the full cast, an offset of –0.6db was found with an uncertainty of ±0.6db. For 1997 when soaking at depth occurred for only a few of the casts an offset of –1.1db was used. 

For the 1996 data the average upcast surface pressure is 2.9db with a range of 1.2 to 4db. The lowest values were for the deepest casts which may be due to the pressure gauge having longer to equilibrate, or may be the result of hysteresis. While there is a hint of a drift during the cruise it is explained by the fact that the deep casts were early in the cruise and there were only shallow casts towards the end. Applying a simple offset to the pressure will not work well on this data. The pressure recalibration must be dependent on the length of the cast. The only “known” pressures are at the end of casts. To represent the length of the cast we can use twice the maximum pressure.  It was decided to plot the upcast surface pressure against 2 * maximum pressure. From that plot we find:


Surface pressure from upcast = -0.0017 (2*Maximum pressure) + 3.27

This implies that for the downcast we can correct the pressure by adding: 

 (+0.0017 * measured pressure -3.27)

This gives an offset to the pressure that will be applied in the recalibration as follows:


Actual Pressure = 1.0017*(Measured Pressure) -3.27db

There will remain large errors especially near the surface so pressure should be considered ±3db.

MCTD

The upcast surface pressures for the MCTD were studied in the same way and the average was 0.5db with a range of –2.3 to 1.4db. However there are downcast surface pressure values available for most casts as well and the average is –0.5 with a range of  -2.7db to +1.6db. There is a drift through the cruise towards higher values that is probably related to changes in surface temperature. The differences between the two surface readings (downcast and upcast) is 1db with a lot of scatter. When plotted against maximum pressure for the cast, it is apparent that there is a lot of variation for the casts of 100db or less; with pressures greater than 100db the upcast surface pressure is generally close to +1db with the exception of the deepest cast (#106 -1750db) with a surface pressure of -0.8db. Cast #106 has suspect pressure so it should be left out of the analysis. For the 1997 MCTD data an offset of +2db was used with uncertainty of ±3db. 

The evidence leads to no clear conclusion. A simple calibration scheme does not suggest itself and one that accounts for surface temperature and pressure seems too complex given the limitations of this instrument. For this cruise no offset will be applied and the uncertainty in MCTD pressure is considered to be ±3db. (See file mctd_surf_pres.xls)
4. TIME COMPENSATION
The edited files from step 3 were used for the time compensation step. 

a.) Calculation of the time intervals for the ICTD and MCTD

The interval times were checked in the MCTD files by checking the DAT files; the intervals varied from 0.610 to 0.621 so the value of 0.616s found for the 1997 data (1997-20, -21, -22) appears to be a good estimate for this data as well

There is no timing available for the ICTD so a plot was made in Excel of the record number versus pressure for cast #1 (868db deep) for both the ICTD and MCTD. The MCTD record numbers were scaled to make them overlie the ICTD record as well as possible. The upcast data only was used for this since the downcast did not fit well, perhaps due to the gradual equilibration of the ICTD pressure sensor. A good fit was achieved when the MCTD interval equaled 2.215 times the ICTD interval (an offset was also required to get a fit). This implies that the ICTD interval equals 0.616s/2.215 = 0.278s. This is close to the interval found for the 1997 ICTD data, 0.275s. The latter value will be used for this data set as well. (See ICTD_timing.xls.)

b.) Development of the routine (notes by H. Melling)

Various problems with the design and operating configuration of the FSI CTD’s conspire to yield measured sequences of ocean temperature and conductivity that are asynchronous and have different bandwidths. If these are combined directly in the computation of salinity, the precision of the result is low and there are large systematic errors. This problem results from a serious error in the design of the FSI CTD’s. 

An ad hoc (but only partial) solution to this problem was implemented in the processing of these data. The bandwidth of the conductivity channel was reduced by convolving the data series with a impulse response function that had been designed to make the time response characteristic for conductivity the same as that for the slower temperature sensor. The impulse response function, determined empirically via plunge trials, is not a simple analytic function. It is available only as a 10-second sequence of discrete values at intervals of 5 ms (ICTD-ImR.lis, for the ICTD). For use with field data, the function was sub-sampled to the sampling interval of the CTD using the ad hoc programme ICTD-Adj.exe.

Following convolution of the conductivity time series with the sub-sampled impulse response (C-Wgts.lis), the time series of temperature and salinity are optimally matched for the calculation of salinity. The match is not perfect for two reasons: a) the conductivity signal is aliased because the sampling frequency (approximately 4 Hz) is much lower than the Nyqvist frequency (20 Hz) of the signal; b) spatial averaging over the sampling volume for conductivity is ignored; c) differences in fall speed are ignored.

Because of differing sensor-response characteristics, the pressure, temperature and conductivity time series are not synchronous. Moreover, the numerical convolution introduces an additional delay in the conductivity response, which can be calculated from the impulse response for all CTD variables except temperature. The relative timing of conductivity and temperature outputs were determined by trial and error to achieve best results in computing salinity. 

A QuickBasic45 programme (ICTDelay.exe) was used to determine the delay in temperature that was optimal for salinity calculation. We use the platinum sensor as the source of temperature data, since the output of the fast-response thermistor drifts badly (> 30 m(C) over times measured in tens of minutes. The programme works from the file ICTDImR.lis that contains the empirical impulse response correction sampled at 5 ms intervals. The programme calculates salinity for four different delays in temperature. Delays for temperature in the range of 100-500 ms are suggested. A graphical examination of the salinity series is the easiest route to choice of the ‘best’ delay. 

Because of aliasing during sampling, processing with the ‘best’ delay will not in general provide a useable profile of salinity. The computed profile must be smoothed using a running average. Near the surface where vertical gradients in salinity are steep, an average over about 2 seconds will generally produce the desired monotonic increase in salinity (typical of Arctic waters) without flattening the gradient. At greater depth, where the salinity gradient is weaker, the computational noise in salinity dominates the background gradients and a longer averaging period is desirable. Using the output of ICTDelay.exe, various running averages of the salinity time series were examined graphically, to determine the ‘best’ filter length. Averaging intervals may range from 9 points (2.5 s) near the surface to 23 points (6.3 s) at depth.

Data from the M-CTD were adjusted for optimal congruence in response to changing temperature and conductivity using an analogous procedure. Because the two models of CTD have different temperature sensors, the convolution functions for the two instruments are different.
c.) Application of the time compensation routines 

The edited files from step 2 were used for the time compensation step.  

Programs ICTD-ADJ and MCTD-ADJ were applied to the conductivity to match the time response of the temperature sensors. For the ICTD the sample interval was set to 0.275s and the time response to 0.325s and for the MCTD the values were 0.616s and 0.275s. These programs were prepared by H. Melling.

CLEAN was run to fix the headers.

For the ICTD the IOSSHELL routine REMOVE was used to create two set of files containing: 


adjusted Pressure, adjusted Temperature and adjusted Conductivity


adjusted Pressure, adjusted Transmissivity and adjusted Chlorophyll

The latter set of file will be left unprocessed and note should be made that the values are nominal, raw values.

For the MCTD, REMOVE was used to create only one set of files containing: 


adjusted Pressure, adjusted Temperature and adjusted Conductivity

5.  DELETE

ICTD

An initial run of DELETE using a minimum of 0.5m/s removed too much data from the bottom of the casts, an average of 13db of data (range 1 to 44db). For comparison 0.5m/s was used for the 1997 data and only 3.5db of data was lost on average with maximum loss of 21db.

When 0.4m/s was used as the minimum the average was 6.2db and the highest loss was 29db for cast #24. A value of 0.35m/s worked well for most casts, but for casts #3,5,9,33,34 there was still a large loss of data. So DELETE was run with the low descent rate feature turned off for those casts only. Bad data left will have to be removed in the final editing stage. For a study of how much data was lost see ICTD_Delete.xls.

ICTD

DELETE was run using the following parameters:

Surface Record Removal: None

Pressure filtered over width:  9 (9 x 0.275 = 2.48s)

Swells deleted. Warning message if pressure difference of 2.00

Delete Slow Drop Rate: Yes***

Min Drop Rate (m/sec): 0.35
Drop Rate Width (samples): 8

Sample interval =  0.275s

*** The slow drop rate feature was turned off for casts #3,5,9,33&34

Reviewing the DELETE log indicated no problems. The only warnings pertained to surface, bottom or upcast records.

MCTD

DELETE was run using the following parameters:

Surface Record Removal: None

Pressure filtered over width:  5 (5 x 0.616s = 3.08s)

Swells deleted. Warning message if pressure difference of 2.00

Delete Slow Drop Rate: Yes***

Min Drop Rate (m/sec): 0.35 
Drop Rate Width (samples): 5

Sample interval =  0.616s

*** The slow drop rate feature was turned off for casts #3,5,9,33&34

Reviewing the DELETE log indicated no problems. The only warnings pertained to surface, bottom or upcast records.

6. Initial calibration of the ICTD files

The instrument was calibrated at Falmouth Scientific on 23 May 1996, and internal coefficients have not been changed since that time. The instrument converts observations to scientific units through use of a calibration table stored within the instrument. These values are scaled for recording as hex integers. The temperature and pressure sensors were calibrated at Scripps (Bon van Hardenberg) in December 1998. At this time, it was noted that the output from the fast thermistor was unstable, drifting as much as 30 m(C in 45 minutes. German users of the I-CTD have noted the same problem. This sensor is judged unusable.  

(The above paragraph was written by H. Melling.)

Calibration with file 1996new.ccf was run for the ICTD files to convert conductivity to conductivity ratio and correct conductivity for effects of P and T on the dimensions of the C cell, to apply the post-cruise calibration of temperature (from Jan. 1998), to recalibrate the pressure and to calculate salinity.

The BOT files were calibrated using 1996bot.ccf (like the ICTD CCF file except that these files have not been through the time compensation step so the channel names are different). Plots were made of the bottle data but no editing was found necessary. The files were bin averaged on bottle number and named RAC.

7. Initial Calibration of the MCTD files
Calibration with file 1996mctd.ccf was used on the MCTD files to convert conductivity to conductivity ratio and correct conductivity for effects of P and T on the dimensions of the C cell, to apply the post-cruise calibration of temperature and to calculate salinity. No offset was applied to the pressure.

After this step the maximum pressures for the ICTD and MCTD files were compared and those of the ICTD were found to be an average of 0.5db higher.

8. Filtering of ICTD files

There were two runs of the filter, first for salinity and then for temperature.

For the ICTD salinity was run through a box car filter for all casts using the following parameters:

Name of filter size reference channel: Pressure:Adj

 Filter sizes:

     up to:   0.100000E+03 :    9 (2.58s)

     up to:   0.300000E+03 :   13 (3.58s)

     up to:   0.700000E+04 :   23 (6.32s)

For the ICTD temperature was run through a box car filter for all casts using the following parameters:

Name of filter size reference channel: Pressure:Adj

 Filter sizes:

     up to:   0.250000E+02 :    9 (2.58s)
     up to:   0.700000E+04 :    1 (0.275s)

The temperature was filtered only in the top 25db.

Multi-cast T-S plots were produced to compare deep sections of nearby casts as a quality control check. The variations are within the range expected for this instrument. 

9. Bottle comparison and recalibration of the ICTD

The ICTD data was then analyzed by Humfrey Melling to compare it with that from bottles; he determined that the water in the bottles came from 3.5m beneath the CTD and that the salinity was low by 0.003units. For details on how this analysis was done see the report                                                             1996_31_ICTD_conductivity_calibration_bottle_levels.doc.

CALIBRATE was run on the CTD files and the bottle files using calibration control file 9631RCAL.ccf (CORRECT/ONLY) to correct salinity by applying an offset of +0.003. 
10. Comparison of MCTD with ICTD and recalibration of the MCTD data

There were 39 casts during which the ICTD AND MCTD were used simultaneously, but most were shallow. COMPARE was run using thinned ICTD and MCTD files (9631COM1.xls) for the 9 of those casts which sampled below 200db. Large differences were found in the salinity, but there are also differences in temperature which varied in sign and magnitude. For cruises in 1997 that used this equipment plots were made of the differences in temperature against cast #, pressure, temperature and temperature gradient and it was found that temperature was the controlling factor. Once again this appears to be the case although there is a much smaller range of temperatures and the trendline is quite different from that found for 1997. The trendline found in 9631com1.xls was used to recalibrate the MCTD temperature (MCTDtemp.ccf); salinity was recalculated. 
After this step COMPARE was rerun (9631com2.xls) and the salinity differences showed a lot of variability with pressure. For cast #6 which was the only cast deeper than 1000db there is a shift at around 1100db. Since it was noted in section 2 that cast #6 had serious pressure problems below 1060db, this section was removed from the comparison. The salinity was found to be high by 0.0342units. The salinity was recalibrated using MCTDsal.ccf and COMPARE was run again (9631com3.xls) and the results were found to be satisfactory.

11. Filtering of MCTD data

There were two runs of the filter, first for salinity and then for temperature.
For the MCTD salinity was run through a box car filter for all casts using the following parameters:

Name of filter size reference channel: Pressure:Adj

Filter sizes:

     up to:   0.100000E+03 :    7 (4.62s)

     up to:   0.300000E+03 :    7 (4.62s)

     up to:   0.700000E+04 :   11 (6.78s)

For the MCTD temperature was run through a box car filter for all casts using the following parameters:

Name of filter size reference channel: Pressure:Adj

 Filter sizes:

     up to:   0.250000E+02 :    7 (4.62s)

     up to:   0.700000E+04 :    1 (0.62s)

The temperature was filtered only in the top 25db.

Multi-cast T-S plots were produced to compare deep sections of nearby casts as a quality control check. The variations are within the range expected for this instrument. 

12. Graphical Editing
The page plots were used to decide which casts needed hand editing using CTDEDIT.

ICTD: Editing was done in the top 20db only for casts: 2-5,7,10,11,13-17,20-24,26,29,30,35-38,41,45,47, 49-51,53, 54.

MCTD 

A text editor was used to remove records with pressures less than zero in casts: 101,104-114,116-120, 123,124,132,145,146,148,149.

CTDEDIT was used to remove surface records or clean salinity near the surface for casts: 103,104,111, 116-120,124,127-130,133-145,147,148,150,151.

More extensive editing was required for cast #106; records below 1067db were removed due to pressure problems.

Notes of any editing done were made in the individual files.


12. Header Edit

For the ICTD files HEADER EDIT was run to correct the time increment in the RAW section of the headers to reflect the value found in section 4, namely 0.275s and to add a warning that the pressures are ±3db.

For the bin-averaged calibrated bottle files HEADER EDIT was run to correct the time increment in the RAW section of the headers (change to 0.275s), to add a warning that the pressures are ±3db and to add the name of the chief scientist and ship name.

For the MCTD files HEADER EDIT was run to correct the time increment in the RAW section of the headers to reflect the value found in section 4, namely 0.616s, to add the name of the chief scientist and the ship name to the headers and to add a warning that the pressures are to be considered ±3db

14.  Final Plots

DERIVED QUANTITIES was run to calculate Theta, Depth, SVA, Gamma and Sound Speed. THIN was then run to obtain values at standard depths. Using edited files and the thinned files final page plots were produced and checked to ensure that the editing was satisfactory.

16. Remove Channels
The following channels were removed from the ICTD and MCTD casts: Conductivity:Adj. 

14. Produce Final File

REORDER was used to fix the formats and rename the files *.CTD.

Cross-reference lists were produced and an error was found in the station name for MCTD cast #133 was found and corrected. 

15. PARTICULARS
ICTD:  
96310001 - The times and positions in the headers were changed to agree with the log. 

96310011 - CTD smashed through ice on upcast - some damage to wire protector for transmissometer.


96310012 - No obvious problem with transmissometer. Presume damage on last cast not a major problem.

MCTD:  96310101,2,4,7 and 15- There are small jumps in pressure (~3db) that are not seen in the ICTD data.

              96310106- There are jumps in pressure below 1000db that are not seen in the ICTD data. One jump is 10db in magnitude and two others are 3db each. The first is to a lower pressure; the others, to a higher pressure. Data from below 1067db was removed.

96311018 - MCTD turned off



96311019 - Bad data. Deleted



96311029 - Bad data. Deleted



96311034 - 96311042 - Bad data. Deleted.



96311053 - 96311055 - No data found

16.  RECOMMENDATIONS
Adoption of a well thought-out and consistent operating procedure is strongly recommended. To obtain accurate pressure steps must be taken at the beginning of each cast to allow the pressure to equilibrate. In the Arctic this may require lowering the instrument at least a few metres (more if the surface water is very cold), waiting 5 minutes then raising it to near the surface, then proceeding with the cast in the usual way. 
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CRUISE SUMMARY

Cruise ID#:
9631



Dates: 
Start:

10 Sept 1966

    End:
24 Sept 1966



Location:  Beaufort Sea
Vessel:

CCGS Louis S. St. Laurent






Chief Scientist:

Fiona McLaughlin






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

1
FSI 
ICTD
1329
yes
yes

2
FSI 
MCTD
1534
no
yes
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CTD Calibration Information

Make/Model/Serial#:
FSI/ICTD/1329





Cruise ID#:
9631


Calibration Information

Sensor
Pre-Cruise
Post Cruise

Name
S/N
Date
Location
Date
Location

Pressure

21 May 96
* factory 



Temperature

21 May 96
“



Conductivity

21 May 96
“



    Transmissometer
   ?  254****
2 Aug 96
IOS



         Fluorometer
   ?  93S****





* The FSI ICTD was calibrated at the factory on 21 May 1996. The calibration coefficients are stored internally and the output of T, C and P is calibrated. 

**** The log for this cruise contains no record of the transmissometer and fluorometer serial numbers. It has been assumed that the same instruments were used as during cruises 9438 and 9526. There was a calibration of transmissometer #254 just before cruise 9631 suggesting that it was the one used.

Calibration Coefficients

Channel
Formula
Coefficients

Name
#
C1
C2
C3
C4
C5
C6

Transmissometer

   S/N 254
10
-0.08
1.008654
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CTD Calibration Information

Make/Model/Serial#:
FSI/MCTD/1534




Cruise ID#:

9631

Calibration Information

Sensor
Pre-Cruise
Post Cruise

Name
S/N
Date
Location
Date
Location

Pressure
1534
May 1996
* factory



Temperature
“
“
“



Conductivity
“
“
“



* The FSI MCTD was calibrated at the factory in May 1996. The calibration coefficients are stored internally and the output of T, C and P is calibrated.

