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PROCESSING NOTES
Cruise: 2007-02
Agency: IOS, Ocean Sciences Division, Sidney, B.C.

Location: Bering Sea / Chukchi Sea / Canada Basin
Project: C3O/IPY
Party Chief: Williams W. / Grebmeier J.
Platform: Sir Wilfrid Laurier
Date: 2 July 2007 –22 July 2007
Processed by: Germaine Gatien

Date of Processing: 12 January 2008 –  12 July 2008
Number of original CTD casts: 79
Number of CTD casts processed: 79
Number of original rosette casts: 71
Number of rosette casts processed: 71
INSTRUMENT SUMMARY
Two SeaBird Model SBE-25 CTD (#0293 and 334) were mounted with a Transmissometer (S/N 1052DR), SBE 43 Dissolved Oxygen Sensor (S/N #0615), Seapoint Fluorometer (S/N #2336), PAR sensor (S/N 20280), altimeter (S/N 40853) and Surface PAR sensor (S/N 20281). The fluorometer gain was 30X and it was unpumped. Three different pressure sensors were used (S/N436, 464 and 544). Two sets of T/C sensors were used. The deck unit type was SBE33-0028 for the first cast and SBE33-0083 thereafter.  
SUMMARY OF QUALITY AND CONCERNS
The use of the log book to note changes of equipment, known errors in configuration files and any problems noted in the data is very useful in the processing of data. For this cruise there were notes in many different places – rosette chemistry spreadsheets, daily log book and text files. It is very easy to loose track of the details. Adding comments to the daily log book whenever possible would improve processing efficiency and, most important, avoid errors. Alternately, all details could be noted in the Cast Notes in the Rosette Chemistry spreadsheet file. 
There was no list of equipment or personnel in the log. This was a very complex cruise, with many different configurations of equipment. Many of the changes were recorded in the daily log book, though it was not always obvious what was meant. The configuration files were in error in several cases, and this was not obvious until well into the processing, leading to a return to the beginning and starting over. In one case the pressure sensor entered in the configuration file was incorrect. In another case the wrong T/C sensors were entered, but in this case the error was noted in the log book.
For most of the cruise, deck unit problems led to the interval in the header being wrong; the sampling appears to have followed the usual 0.125s interval, but this was controlled from the deck unit and is entered in the header as 1s. This led to some complications in any process that included time. For the first 4 casts the header entry is 0.125s for the interval, but there are only 1 to 3 samples per metre, which suggests that the actual sample interval was 0.5s. Alignment results support this conclusion, with settings for the first 4 casts being ¼ the values used for other casts with the same sensors.
Bottles were tripped on the upcast without a stop during the first part of this cruise. Experience on another cruise indicate that selecting data from a 1s window immediately before firing work well for such bottles. For the sampling while stopped a 4-s window around firing time was used.
There was fine-scale noise in the transmissivity, PAR, fluorescence and CTD dissolved oxygen channels in this cruise and during 2007-28 and 2007-03 when the same equipment was used.

Fluorescence:URU:Seapoint – The data are uncalibrated and unedited. 

The pressure sensor for casts 5, 8, 12, 13, 21-24 is considered ±7db.

The pressure sensor for all other casts is considered ±1db. 

The CTD is considered ±0.001psu when stopped. In motion the salinity is considered ±0.005psu except in areas of rapid temperature change where the salinity has been edited heavily and should be considered ±0.1psu. Due to limitations in the cell thermal mass correction, there is an inclination to low salinity values just above the thermocline and salinity tends to be high by up to 0.05psu just below the thermocline. In well-mixed waters that error can be seen to gradually reduce until the CTD is about 50db below the thermocline. No editing was applied in such cases, since it would require interpolating over a large distance. For most casts heavy editing was applied to the salinity in the thermocline. 
No recalibration has been applied to the salinity data. The post-cruise calibration shows minimal drift in one pair of T/C sensors. The comparison with bottles suggests significant errors for salinity from both sensor pairs, but there are doubts about the salinity bottle analysis. When a post-cruise calibration becomes available for the second pair of sensors, this decision can be reconsidered.
Dissolved oxygen is considered:

•
±1ml/L from 0db to 200db
•
±0.3 from 150 to 500db

•
±0.1 below 500db
•
unreliable below 1200db
Because of large sections of bad data in the downcast, upcast data were selected for archiving for casts 44, 45 and 56.

PROCESSING SUMMARY
1. Seasave - This step was completed at sea; the raw data files have extension HEX.

2. Preliminary Steps
This was a complex cruise, with 3 different pressure sensors, 2 each of temperature and conductivity sensors and 2 CTD units used. 

The Daily Log and an electronic log of rosette sampling were obtained. The times in the rosette log are said to be in PDT, those in the log book UTC. However, it appears that the log entries are sometimes in PDT and sometimes in UTC. 
Salinity bottle data were available in spreadsheet format. These included duplicates that had the same sample numbers.

The log book was read and entries made in the Particulars section at the end of this report for comments of relevance to CTD processing. The electronic rosette log 2007-02_Rosette_Chemistry-Nov30-07.xls was checked; information from the “cast notes” page was added to the particulars section. There were many problems with spikes early in the cruise.
The cruise summary sheet was completed. 

3. Conversion of Raw Data

The file names are non-standard, missing a zero, and having the letters SWL in them. The names were corrected before conversion. 
There are many versions of the configurations files. In order to get a summary of the combinations, all files were converted to CNV files matching each HEX file to the associated CON file created in acquisition. It was discovered that many of the files lacked hemisphere entries in the latitude and longitude – these were ones entered by hand after a change of deck units led to NMEA not being downloaded. The hemisphere information was added. The hex files were then converted to CNV files. 
The temperature and conductivity look ok, but the traces show many pressure spikes. The dissolved oxygen looks great for cast #22, especially given that it was a very deep cast. Some later shallow casts such as #72 have odd DO. The DO, PAR and fluorescence have a lot of noise in them, but this may improve after the pressure has been filtered. The altimetry looks ok. For some casts there are significant differences between upcast and downcast near the surface. Plots of conductivity near the surface suggest that the pressure calibration is reasonable, but this should be checked carefully later, especially since there are 3 different sensors.
There were problems with cast #79. The wrong T and C sensors were entered at sea. To convert this file, the hex file had to be edited and converted using con file 2007-02-SWL-0334deep.con. (NOTE: This con file does contain the pressure calibrations for sensor 436 despite its name.)
See section 4 for details on configuration files used for final conversion.
4. Rosette file preparation

Rosette files were initially converted taking the scan range data from the BL files and using a 5s-window around firing time. Later in the processing it became clear that there were serious problems with the acquisition interval. For casts 1-4 the header interval is 0.125s but from the data in the file it is clear that there were only 2 samples per second, so 0.5s is correct. For casts 5-21 there are no problems but from cast #22 onwards the header read 1s when it should have been 0.125s. This interfered with some routines that require time and those were addressed in most cases by just changing the header. However, for the rosette files it was important to convert them right in the first place. 

Before reconverting with new settings, studies were made using a variety of offsets to see which data worked best for the casts with no stops for bottles. Details on this can be found in the COMPARE section and in file “salinity-comp Laurier 2007.doc”. Based on those studies (including experience during 2007-03) conversion was done using settings of (offset/range) -1/1, -2/1, -2/4, -15/30 for casts 2-4, 5-19, 20-21 and 22-79 respectively. That corresponds to -4s/4s, -1s/1s and -2s/4s when the header errors are considered. Those settings produced about 9 records per bottle for casts 2-19 for which there were no stops for bottles except at the bottom, and about 30 records for the later casts for which there were stops. (Note that for casts 2-4 a larger window was used as there are only2 records per second.)
The latitude and longitude in the headers lacked hemisphere entries for some casts, so that was added using a text editor. 

The first attempt to convert these to IOS files failed because the parameter bct=bottom contact was not in the parameter file. Examination of the files showed that the only cases with non-zero bct values were spikes – it was never =1 at the bottom. So the data were reconverted without that channel.
They were then put through CLEAN to add an event number based on the file name. Many of the positions lacked hemisphere signs, so those were added using a text editor.
The data were plotted to check whether there were stops for sampling, since that was not stated in the log book for many of the casts. It was determined that for casts 2 through 13 sampling was during the upcast with no stops. For the rest of the cruise there were stops, though many look short. A study of salinity samples will be used to determine how to convert the rosette files. At least for the early ones the window will need to be smaller, and possibly offset.
Times were corrected for casts 2, 3 and 4. See section 9 for explanation.
4. WILDEDIT

This step is usually skipped but the data have many spikes so WILDEDIT was run on pressure, temperature and conductivity using settings of 2, 20, 25, 0 for “Standard deviations for pass1”, “Standard deviations for pass 2”, “Scans per block” and “Keep data within this distance of the mean”. Plotting a few of the spiky casts showed that the procedure was very effective at clearing up pressure spikes.

After WILDEDIT the files were converted to IOS SHELL headers so that Header Check could be run to get a summary of what was used for which casts. This established that there were 5 basic configurations, with variations on one based on whether NMEA was logged or not. Casts #1, 2, 4, 5, 68 and 69 were representative of the various configurations. In brief:

Cast #1: Pressure sensor 464, T/C 4115/2607, includes surface PAR


Used for casts: 1 

Cast #2: Pressure sensor 464, T/C 4115/2607, no surface PAR


Used for casts: 2, 3, 4**
Cast #4: Pressure sensor 544, T/C 4115/2607, no surface PAR



Used for casts: 4**, 6, 7, 9-11, 14-20, 25-67

Cast #5: Pressure sensor 436, T/C 4115/2607, no surface PAR


Used for casts: 5, 8, 12, 13, 21-24, 79 (most have NMEA logged, but 79 does not)

Cast #68: Pressure sensor 544, T/C 2668/2754, no surface PAR



Used for casts: 68-78


Cast #79: Pressure sensor 436, T/C 2668/2754, no surface PAR


Used for cast: 79

**Later study showed that cast #4 should have been converted using the same file as cast #2.

*** Cast #79 is said to have sensors 4115/2607 in the con file, but a note in the log indicates that the T and C sensors were the same as those used for 68-78.

The pressure offset was 0 except for sensor 436 for which 10db was used for cast #5 and 1.5 for the others.

5. WFILTER

The data were examined in three groups because of the different pressure ranges. 
Sensor #544

This sensor was used for all but 12 casts. The pressure does not increase monotonically, though no actual reversals are seen. The temperature and conductivity do have suspicious reversals at points where the pressure is not increasing. Cosine filters were run on pressure (window size 5), temperature (window size 5) and conductivity (window size 5) based on the results of 2001 Arctic cruises which used an SBE25. 
Tests were run on casts #18 and 54, by running DERIVE to get salinity with and without the WFILTER, and the results were satisfying. Some reversals are left in temperature and conductivity as is expected, but those that were associated with pressure “stalls” were removed. Pressure increases monotonically, but just barely, and where reversals are removed they are again, just barely removed, so it does not appear that there is any oversmoothing. Simply filtering pressure does not remove the T and C reversals. Salinity is much smoother if the WFILTER routine is run. Cast #68 was also checked to ensure the choice was appropriate for the different T and C sensors. The routine did not remove all reversals but the salinity is smoother. 
Sensor #464

This sensor was used for only the first 4 casts. The pressure is smoother before filtering than for the other sensors, but using the same filter as for sensor #544 looks appropriate. The temperature, conductivity and salinity look much improved by the filter.
This filter routine had to be run in two groups because of different interval settings. This is puzzling. For casts #22 to the end the interval is said to be 1s, whereas from casts 1 to 21 it was 0.125s. Yet, taking the total time for a cast from the log entries, the amount of data in the files corresponds to a setting of 0.125s all through the cruise. The change in interval does not correspond to a change from shallow to deep pressure sensor. It does correspond to the change from one version of Seasave to another. It is noted in the log that after the change NMEA data had to be entered manually; perhaps the interval length was also entered in a different manner. The density of data does look appropriate after the change. However, the descent rate is clearly wrong for casts after the change. That is the only derived variable with a time aspect, so it is hoped no other serious problems will arise from this. 
Sensor #436

This is the deep pressure sensor with lower resolution. It was used for only 9 casts. The pressure is much noisier than from the shallow sensors. The parameters used above did not completely remove the reversals, but some could be real as the relevant cast was in the North Pacific where there is no reason to expect a steady descent rate. Most pressure reversals are removed and the salinity is much smoother. Tests were run using widths up to 9 for the cosine filters, and even those left some reversals. It was decided to use the same parameters as for the shallow sensor. We can return to this stage later if it proves to be a problem. 
The noise in the DO, PAR, transmissivity and fluorescence remains after the pressure is filtered.

6. CELLTM
SeaBird recommend the use of (α, 1/β) = (0.04, 8) for CELLTM for the SBE 25. That choice looked good for a few casts, but for others gave bad results. Since the calculation of this correction is inversely proportional to the interval, the problem is clearly related to the inconsistencies in intervals as recorded in the headers and what actually occurred. It is presumed the routine reads the interval from the header and there is no way to override that. Tests were run on casts #2, 18, 54 and 72 using a wide variety of parameters. The data are examined in 3 groups:

· Cast #18 was selected to represent casts with proper intervals in the header. Like most of the casts from this cruise, this was a severe test of CELLTM. The best results were with (0.04, 9) but this was not completely clear. 
· For the group of casts with header interval = 1 and real interval = 0.125 casts #54 and 67 were examined. For cast #54, the best choice was difficult because whatever improved the bottom of the thermocline, made the top worse; no matter what choice is made much editing will be required to remove spikes. Overall a choice of (0.09, 36) seems best. For cast #67 the best choice was (0.09, 36), though again the results are not great. 
· The next set of casts also had a header interval= 1 and real interval = 0.125, but had different T/C sensors. For cast #72 the best choice was again (0.09, 36). 
· Finally cast #2 was used to represent the first 4 casts which had a header interval of 0.125, but an apparent real interval of 0.5s. For this group the best choice proved to be (0.04, 2.5).
The setting of (0.03, 9) was found best for 2006-02 using CTD 0293 and 2006-20 and 2006-27 using CTD 0334. 

CELLTM was applied using the following settings:
Casts 1-4: (0.04, 2.5),

Casts 5-21: (0.04, 9),

Casts #22-79: (0.09, 36),

7. DERIVE

Program DERIVE was run to calculate salinity.
At this the bottom contact was stripped from all casts. The only non-zero data in that channel are from casts 5 through 21 and the data are full of spikes. There does not appear to be any useful data.

At the same time the Surface PAR channel was removed from all casts except #1.
8.  Conversion to IOS Headers
The IOSSHELL routine was used to convert the CNV files to IOS Headers. 
9. Checking Headers
CLEAN was used to add event numbers, to replace pad values in the pressure channel using linear interpolation based on record number and to ensure the correct pad value were used for the dissolved oxygen channel.

The header check and header summary were run, and a cross-reference listing produced. Errors in time will be discussed below. Other errors corrected were a missing station name for cast #2 and a few positions. There were many minor discrepancies in positions between the Bridge Log, Daily Log and rosette event log, but most are small and probably come from a difference in whether the record was made at the beginning or end of an event. For cast #15 the rosette event log differed a lot from the header, but it does not agree with any of the others, so is presumed to be wrong. For cast #48, the rosette event log has an error in latitude, 65˚ should be 64˚. The header is in agreement with the Daily log and the Bridge Log. For casts 67, 68 and 78 the header positions differ significantly from all the other records, so were changed to match the Daily Log.
Time information came from the Daily Log Book, the file headers, the Bridge Log and the Rosette Chemistry event log. The Bridge Log is in PDT, the others are said to be in UTC, but there are some inconsistencies:
· For the first 4 casts the rosette log indicates 7 hours later than the other three. The Daily Log and headers agree with the Bridge Log so they are clearly in PDT. So for casts 1-4 the time will be changed by adding 7 hours.
· Cast #70 is the most confusing; the Rosette log gives 23:19 on June 18, the Bridge Log gives 18:34 PDT on the 18th and the file header and the CTD log gives 1:39 on June 19. The bridge log is compatible with the Daily log and file header so is assumed to be correct. The rosette log appears to be in error.
The only other problem noted is that cast #1 is not listed in the Daily Log. It is known there were problems and there are no upcast data. The file will be processed until it is obvious that there is no usable data.

Track plots were produced and no errors found. Plots with event numbers and station names were added to the end of this report.
The surface routine was run and the average found to be -0.243db, but the results come from 3 different pressure sensors, so need to be examined separately.
· Sensor 464 – used on 4 casts, offset=0db, surface =-0.05db, +0.94db, -0.05db, +0.38. Two of the casts had a lot of spikes. On the upcast of one cast the conductivity went to near-zero values at about 0.5db. No info from the others. Pressure offset probably ok.

· Sensor 436 – deep sensor – used on 9 casts; had offset of +10 for cast 5 and +1.5 for casts 8, 12-13, 21-24 and 79. The surface values vary greatly from -9.4 to +2db. The corresponding salinity is always very low for the negative values. From the downcasts it looks like data from 0.5db are in water; above that the values are strange. From the upcasts it again seems that 0.5db is in water, but there are few data that appear to go through the surface, though cast #24 appears to be just reaching the surface at ~0db. Since the downcast surface was between -1.8db and 0db, this would suggest that hysteresis is not large. For cast #5 which had an offset of +10, the surface appears to be between +5db and +9db. That is consistent with the need of a +1.5db offset instead of +10db. The pressure appears to at least be close with the +1.5db offset, so that should be applied to cast #5 as well. Recalibration will be done later to subtract 8.5db from cast #5.
· Sensor 544 – used for 67 casts; offset = 0 – surface values very consistent from 0.01 to 0.18 except for casts #4 and 7 which had -33.2 and +4.2db. Cast #4 has severe pressure problems at surface at beginning and end. Cast #7 looks ok, maybe just started deep, reasonable salinity for 4db. Offset presumed ok, but care needed with #4 and 7.
The altimetry data from the header were exported to a spreadsheet and a few casts were examined to see if the algorithm worked well in extracting this information. It appears to have worked very well.

10. Test plots

Plots were made to check whether there was an initial soak after which the CTD was raised before the full cast, as is common in very cold water to allow the CTD pressure sensor to equilibrate. This was the case for casts 66, 69, 71, 72, 76 and 77. 
Plots were made to check for any problems with processing. For most casts the upcast and downcast traces are reasonably close below 20db, but there are large differences above that, particularly for the casts with very sharp temperature interfaces. The upcast temperature looks noisier than the downcast. Casts #72 and 73 look very odd, with upcasts looking very suspicious. The fluorescence looks noisy but reasonable, and the offset between downcast and upcast is close to that of temperature. The dissolved oxygen looks ok for the Pacific Ocean section, but starts to look odd in the Bering Sea, with downcasts and upcasts quite different, though this is probably because they are shallow casts with large DO ranges. 
Cast #4 was investigated further at this point. On a T-S plot the data look reasonably like those of cast #3. On a profile plot with climatology superimposed, casts #3 and 5 are well within the historic ranges, but cast #4 is not, having temperature too high and salinity too low at depth. The conductivity moves to in-water values at a pressure of approximately -30db during both downcast and upcast, so equilibration is not the issue. A simple offset of +30db makes the surface look better, but is insufficient to bring the deep values within historic range. It looks like the problem is due to the wrong pressure sensor being used in conversion, so tests were done using con files with the other two pressure sensors. Using the deep sensor led to even worse data, but using sensor #464 produced lower temperatures at depth and bottom pressures that fit the log record better. So it will be assumed that this cast should be processed with the same configuration as casts #1-3. All steps were rerun, and when plotted with range plots superimposed, all data were within the historic ranges.
11. Bottle file preparation
Chlorophyll

Chlorophyll bottle data were in the rosette chemistry file, but some of the samples have no sample numbers associated with them. The analysis was done at the University of Tennessee. New sample numbers were created for all bottles that did not previously have a sample number to allow for any sampling done by other groups – sample numbers 700 to 833. This version of the chemistry file was saved as 2007-02_Rosette_Chemistry_July8_gg.xls. A simplified version with just chlorophyll data was then saved as 2007-02-chl.csv and then converted to individual CHL files. There were no flags or comments in the file.
Dissolved Oxygen

The dissolved oxygen data were available without flags or comments. The data were exported to a spreadsheet, duplicates were averaged, flag “f” entered for duplicates, then the extra value was removed. The data were then reconverted to IOS HEADER format as ADD files with a flag channel and comments. 
A separate spreadsheet was prepared with the 40 pairs of duplicates. The average difference was 0.05ml/l or 2%, with a range of 0 to 10.5%. The maximum difference was 0.39ml/l which was 6% of the average value. There was a larger % difference, 10.4%, but the base value was very low.

The pooled standard deviation of pairs was calculated by;


SQRT (Sum of squares of differences/ 2* number of pairs)

That value was 0.0666 ml/l.

Salinity

The salinity data were available in spreadsheet format. This included duplicates for 19 bottles, but they had the same sample numbers. The file was saved as 2007-02-sal.csv, unnecessary columns were removed, a few cases of samples out of order were reordered and event numbers were added. The latter was based on a combination of the log records and the rosette file 2007-02-Rosette_Chemistry_Nov30-07.xls. The duplicates were transferred to file 2007-02-sal-dups.csv. Then, in the main file, the duplicates were averaged and the 2nd of the duplicate entries were then removed so there is just one line per sample number. Flag “f” was assigned and a note of explanation put in the comment section for each of the duplicates. File 2007-02-sal.csv was then converted to individual salinity files.

The 19 duplicates were analyzed and the pooled standard deviation of pairs was calculated as

= SQRT (Sum of squares of differences/ 2* number of pairs)

The result was 0.00123 and an average difference of 0.0012. Most pairs showed little difference, but there were 4 pairs with differences ~0.003 or 0.004.

Nutrients

The nutrient data together, with quality analysis, were obtained in spreadsheet Nutrients_SWL_2008-02_April21_08.xls. This spreadsheet was simplified by using just the page with the final data and removing unnecessary lines and columns. The quality flags differed form the ones used in the archive, but there was a simple correspondence for the ones actually used. Flag “3” was changed to “c” and flag “7” to “i”. For the latter if there was a Nitrate value but not Phosphate or Silicate, blank values were changed to -99; in the cases where there were no nutrients analyzed at all for the sample the line was removed from the file. Header names were changed to standard format. Comments were moved to the relevant lines in the file. Duplicates were averaged – in some cases both values were added to a comment about replicate quality. For sample #194, the comment “must reanalyze” was changed to “apparent mis-sample” since the analyst was not available to do the reanalysis; a “d” flag was assigned. The dissolved oxygen looks fine for that sample, so this is not a case of Niskin misfire.
Bottle Files

Plots were made of the BOT files. Problems were found as follows:

· cast #8 - a few records were removed using CTDEDIT. 
· cast #73 big problems were resolved later by replacing all pumped channels with pad values. 
The BOT files were then averaged on bottle number. The ADDSAMP file was then edited to add sample numbers based on information in the CTD Daily log book and the rosette chemistry spreadsheet. Some adjustments were made to the file in assigning sample numbers. There were many cases where sample numbers were assigned, but no bottle fired. Those were removed from the ADDSAMP file. A few problems were:

· Cast #5: There were only 8 bottles actually fired, 12 in the rosette list, but it is clear which sample numbers are appropriate.
· Casts #14-19: There were 12 bottles fired, but sample #s for only 6 or 7 each. It is presumed that the sample #s are for the first 6 or 7 bottles; the others were all at the surface. 

· Many casts: Sample numbers were created for all bottles sampled by IOS personnel, but chlorophyll sampling was done from bottles that were not given sample numbers. So new numbers were created for these (#700-831) as described in the chlorophyll discussion above. 

· Cast #69: only 6 bottles in rosette file, 8 on rosette chemistry sheets and 8 salinity samples. Notes indicate that 8 bottles did close. The BL file was edited to add scans for the missing bottles and the rosette file was reconverted. The scans were selected based on a plots of scan # versus pressure, but may be out of line with when the bottles closed.

CST files were formed by converting the ADDSAMP file; these will form the framework for the chemistry files. 
The ADDSAMP file was also used to add sample numbers to the BOT files. (Output: SAM) Those files were bin-averaged on bottle number, and named SAMAVG.

The CST files were merged in 4 steps with Sal, CHL, ADD and NUT files (output:MRG1, MRG2, MRG3, MRG4). The MRG4 files were cleaned to reduce headers to File and Comments only, and then merged with the SAMAVG files. Those files were put through REMOVE to get rid of some standard deviation channels that are unnecessary and then SORT to order on sample number. Those files (SAMAVG2) were then merged with the MRGCLN1 files. (Output: MRG)  
The comparison of bottle and CTD salinity data is complicated by the fact that some sampling was done with stops and some on the fly, and casts 68 to the 79 have different T/C sensors.

Testing of different windows for data conversion was done and comparisons run to test them. Runs were done using -2s, -8s and -10s. The results were puzzling with an offset improving one region and making another worse. Close examination of a few casts showed that no particular offset was likely to work well at depth and near the surface. In the course of these studies it became clear that there were problems with the intervals in the headers of many files.
The interval was entered wrong in the headers for casts 1-4 and casts #22-69 and the acquisition interval was wrong for casts 1-4 as well. So the offset and range choices were complex to allow for those errors.  

.

Running COMPARE turned up some more problems with bottle files. The pressures for bottle file #7 didn’t agree with the rosette log. The CTD data look ok, within the historic ranges. Because of the problems noted in those files a comparison was done between the pressures in the bottle files and those in the rosette chemistry spreadsheet, both target and raw pressures. There are notable differences for casts 7, 8 and 9. Each was examined carefully to ensure the data in the files are reasonable.
· For cast #7 bottle #2 the rosette chemistry log raw pressure entry is 700db whereas the pressure in the CTD rosette file is 749db; the salinity and dissolved oxygen CTD rosette data compare reasonably well with downcast CTD data, suggesting that the bottles were fired at about the depths indicated in the CTD files and the bottle salinity value is within 0.005 of the CTD rosette file value. It looks like the pressure is correct in the CTD file and it fits the target pressure of 750db better.
· For cast #8 two bottles (one deep, one surface) were studied and in each cast the bottle DO and salinity match the pressures in the MRG file better than the rosette chemistry raw pressure. There are a few cases where the MRG file pressures seem slightly high. This may reflect a variable descent rate, so that the offset used in conversion suits some sections and not others. Fine-tuning the conversion parameters might improve parts of the profile, but would hurt others, so no further changes will be made.
· For cast #9 the pressures for bottles #2 and #4 had pressures in the MRG files that were very different from the raw pressures in the rosette chemistry, but they were close to the target pressures. In both casts the bottle salinity looked like the CTD data from the pressures in the MRG file, but not the rosette chemistry raw pressure. 
12. COMPARE

Salinity

COMPARE was run using the final bottle files. Extreme outliers were identified based on differences >0.02 and standard deviation in the CTD salinity channels of >0.005. 
· Conductivity sensor #2607

For the casts without stops the CTD was low by 0.0062 on average with a reasonably flat fit against pressure. However, there is a lot of noise in the comparison. For the casts with stops the CTD was low by an average of 0.0039. Once again the fit is flat with pressure, but this is largely because of a lot of variability at the surface. For the 7 bottles with stops below 1500db the CTD is low by an average of 0.005, with a range of -0.0026 to -0.0085. So at depth the two sets of data look quite similar. At the surface there is tremendous variability with most showing the CTD reading low. When all bottles are included and differences >0.05 excluded, then the fit of differences against salinity show the CTD reading much lower at lower salinity than at higher salinity. This is what might be expected if the Autosal linearity is a problem. Quite a few of the bottles showing the CTD high near the surface come from bottom bottles of shallow casts. Given the stops were short for many of those bottles, any errors due to poor flushing would lead to the CTD looking high. Of course, the opposite is true for the other shallow bottles – some of the negative differences could be due to poor flushing on the upcast. 
While the average differences might suggest that by changing the conversion window offset we might get a better match between stop and no-stop bottles, this is not true at depth. And the fact that the deep bottle salinities are higher than the CTD for both cases suggests this is not a problem with flushing. Looking at the full CTD files there are no salinity values high enough anywhere in the profile to match some of the bottles. These results do not fit the post-cruise calibration and suggest a problem with sampling or analysis.
· Conductivity sensor #2754

The CTD reads low by from 0.004 to 0.006 depending on how severe an outlier criterion is chosen, but the 3 bottles below 500db are low by an average of 0.0041. 
It is interesting that both CTDs are giving salinity that is low by ~0.004 to 0.006 at depth. Given that for conductivity sensor #2607 the post-cruise calibration showed the CTD to be high by 0.001, it seems wise to not recalibrate #2754 without more evidence than this. When a post-cruise calibration becomes available this can be revisited.
Flags were assigned to cases with differences between bottle and CTD salinity were >0.5. If the CTD salinity had a high standard deviation a “c” flag was assigned; otherwise a “d” flag was added. For samples 497 and 498 were also flagged because of doubts about when the bottle closed, since they are not in the BL file.

Cast 5, sample 38 – both salinity and DO look like bottle fired at ~900db, not 2500db. Flagged “d”. The nutrient analyst flagged all nutrients as “c” and they are not as clearly bad as DO and SAL, so it could be that DO and SAL were drawn from the wrong bottle rather than that the bottle misfired.
Cast 8, sample 82 – outlier for both DO and SAL, - flagged “c”.  CTD data spiky and local gradients high.
 Cast 32, sample 305 – flagged “c” since CTD data are noisy.
 Cast 36, sample 354 – extreme outliers, but CTD data very noisy, not flagged
 Cast 69, samples 497, 498, 499, 500, 501 – flagged “c”
 Cast 73, samples 538 – no flag assigned since CTD data are bad at this depth. The upcast data are better above 135db. All pumped CTD channels below 125db were replaced with pad values. The downcast data are also bad at depth as it appears the pumps were not working. 
 Cast 79, samples 579 – extreme outlier; CTD data noisy, but not enough to explain difference; flagged “d”

NOTE: The pressures for cast #5 were too high by 8.5db at this point in processing, but this would not affect the match to bottles, creating only a small error in the fit against pressure.
Dissolved Oxygen
COMPARE was run and when records from below 1000db were excluded plus outliers identified based on high standard deviation in the CTD data and a few others based on residuals, the following fit was found using all bottles:


DOX_BOT = 1.0378* DOX_CTD + 0.0442
Separating the data into those with and without stops produced the following fits:


DOX_BOT = 1.0352* DOX_CTD + 0.0694 (with stops)


DOX_BOT = 1.0363* DOX_CTD + 0.0359 (without stops)
When the differences of shallow bottles (P<100db) were compared through the cruise there was little variation with time. It looks like the bottles without stops are quite close to those with stops. Almost all sampling with stops was from shallow casts. For the casts without stops, the CTD was stopped for near-surface bottles and slowed for some other bottles, so the similarity is not as surprising as one might think. 

While data from below 1200db were left out of the comparison, values down to about 1500db look ok. The range of DO was very large for this cruise with values from 0.25 to 12.75ml/l. (In 2006 the maximum DO value was ~10.5 ml/l.) 
There were only a few extreme outliers: 

· Cast #5, Sample #38 - from 2500db where the CTD sensor is not considered reliable, but the salinity is also a severe outlier and they both look like them come from around 900db, so the DO value was flagged “d”. 

· Cast #8 – sample #82 – both DO and salinity are outliers in COMPARE and DO vs SAL plot is odd. Flagged “c”.

· Cast #19 – outlier in COMPARE, but very close to surface in high gradient. No flag assigned.

· Cast #69 – samples 497/498 flagged “c” due to uncertainty in depth of bottle firing – firing did not register in BL file. Sample 497 looks a little out of line in Sal-DO plot. No known problem with 498, but can’t say for sure where it was closed.

· Cast #70 – The top 5 samples have large differences from the CTD but these are all in top 20db where CTD often looks different from the bottles. DO values are high, so differences not as significant. Not flagged.
13. Preliminary editing and SHIFT 
Preliminary edit

To remove data from an initial lowering of the CTD before the full cast was run, a text editor was used at this point on casts 63 - 66, 69, 71, 72, 76 and 77.

Dissolved Oxygen Sensor

Tests were run on 4 casts, two deep ones and two shallow, advancing the DO channel by from 0 to +120 records. The best results were with +20 records for cast #4, and +80 records for #13, 26 and 59. This change between #4 and #13 was investigated, examining all casts from #2 to #13. Casts #2 and 3 were like cast #4, and from #5 onwards they all looked best with +80. A change of the sampling interval occurred at that point which would affect how SHIFT works.
SHIFT was run to advance the DO channel by +20 records for casts 1-4 and by +80 records for casts 5-79.

Fluorescence

The offset between the downcast and upcast fluorescence traces were compared with the offset in the temperature trace and no significant difference was seen. (In some cases the offset was less than that in temperature, and in other less.) So the fluorescence will not be shifted. It usually needs shifting when pumped, but not when unpumped as was the case for this cruise.

Conductivity  
Tests were run for the first T/C pair on 1 cast using pressure sensor 464 (2), 2 casts using pressure sensor #544 (18 and 54) and 1 using sensor #436 (24) to ensure the pressure range and variable intervals do not affect this step. Then tests were run on two casts using the second T/C pair with pressure sensor 544 (72 and 78) and one with pressure sensor 436 (79). Shift values tested ranged from -1 to +1.6 records. When the results examined on a T-S curve after removal of the upcast data a setting of about +0.2 looked best for cast #2, +0.55 was best for 18, 24 and 54, and +0.45 was best for 72, 78 and 79. So the pressure sensor did not affect the settings. However, the sample interval was relevant, with the setting for the first 4 casts approximately half that for those with the same T/C sensors but different sample interval.
SHIFT was run to advance the conductivity by +0.25 for casts 1 to 4, +0.55 record for casts 5 to 67 and +0.45 records for casts 68 to 79. 
13. DELETE
DELETE was run on all casts using the following parameters: 

Surface Record Removal: Last Press Min.
Surface Swell Pressure Tolerance: 1.0

Swells deleted. Warning message if pressure difference of 2.00

Drop rates < 0.3m/s (calculated over 5 points) was deleted from 10db to 10db above the maximum pressure.
The sample interval was set to 0.125 rather than being taken from the header since there are problems in many casts with the header setting. For casts 1-4 it was set to 0.5.
COMMENTS ON WARNINGS: There were warnings for 3 casts. For cast #5 it pertained to upcast data only. On an earlier attempt the warning for cast #20 was found to be due to bad pressure values in scans 4310 to 4314; the pressure values were replaced with pad values in the SHFO files; the warning remained but DELETE selected the best available data for that section. For cast #49 there was a warning that the pressure range was <20db, but this is all the data that were in the raw file.
14. DETAILED EDITING

Editing of this data was difficult. A major problem common to CTD data from this region is the salinity noise associated with very high gradients in temperature. The salinity varies little, but a small error due to minor conductivity misalignment produces spikes of opposite signs at the top and bottom of the thermocline. Tests were done on a few casts using upcast data, and they were not any better. 

A second problem seen in casts with well-mixed waters below the thermocline, is that below the thermocline the salinity is often too high and gradually decreases until it appears to be correct at the bottom. The T-S traces are unstable. For example cast #72 the temperature reaches a minimum at 50db and then rises very slightly, by only 0.05C˚ over 60db and only 0.02C˚ over the bottom 40db. Salinity peaks around 60db and then decreases by about 0.02 units over 60db. This is slightly unstable, by <0.02 sigma-t units. At the very bottom both temperature and salinity increase sharply and stably, so this may be a boundary effect. 
· An attempt was made to try different shift alignments to see if this instability could be reduced, but the only effect was to produce more, smaller instabilities. So this does not look like an alignment issue. Varying CELLTM does change the degree of instability, but at the cost of making the data above the thermocline look worse. A wide variety of settings were tested, and none did better overall than (0.09, 36) for cast #72, though increasing either number helped below that thermocline. 

· The upcast data look stable below the thermocline, but this is not necessarily because the data are better; there is some tendency to “carry” the bottom water with it, which is confirmed by the fact that the upcast temperature is also more constant than the downcast. 
· It is notable that this sort of feature is not seen in the open Pacific. The first cast that looks suspicious is #16 at station UN-4 at about latitude 54˚. It is tempting to think this is related to sharper thermocline or lower temperatures, but there are examples in casts with no temperatures <1˚C and some cases have thermoclines that are not terribly sharp. However, the temperature gradient does change sign more abruptly from cast #16 onwards. It is possible that this effect is occurring at all casts, but that in the open Pacific, the effect is just below the main thermocline and is masked by the higher gradients; perhaps small salinity errors just look insignificant there. At shallow casts with a well-mixed bottom layer, the error may just be more noticeable. 
· Comparison of downcast CTD data with bottles confirms that salinity is a little high just below the thermocline. The gradual reduction to values that match bottles occurs while temperature is either increasing or holding steady, so that the CELLTM correction would change sign or be approximately zero. 
In conclusion, this observation will be taken as a measure of the error from imperfect effects of the CELLTM correction. The correction reduces salinity through the thermocline as needed, but appears to increase it somewhat below the thermocline, at least in cases of temperature increasing or being almost constant. Since the effect is small and the only way to edit such instabilities would be to draw a straight line through 60m of data obliterating any small-scale features of interest, they were left unedited (except where the effect was limited to a small area and clearly identifiable). A note should go into the header to mention that the salinity below the thermocline is likely too high, with the error decreasing with depth. This problem does not apply to the rosette files, so will not affect the bottle comparison.
CTDEDIT was used. Records were removed that appeared to be corrupted by shed wakes. Salinity was cleaned where there were spikes or unstable “overshoots” suspected to be due to misalignment of T and C. Some of these data come from a region with very high temperature gradients and little salinity variation, resulting in large errors in salinity. 
The following casts had serious problems. In some cases upcasts were examined to see if they should be selected for archiving. (SHFC files were put through REVERSE and DELETE):

· For cast #44, salinity and transmissivity looked bad in the top 10db; there were no stops for bottles during this cast, so the upcast data are not too bad.
· Cast #45 downcast salinity and temperature were bad to about 17db and transmissivity and fluorescence were bad to 22db; the only sample came from the bottom of the cast though there were some stops during the upcast. Upcast data were used, but required heavy editing.
· Cast #56 was like #45, but there were no stops during the upcast, so upcast data did not require heavy editing.

· Casts #73 and 74 had very noisy data at the bottom, but the upcast data were even worse.  It looks like there was some problem with the pump. The data from 168db to the bottom were removed for the former and 133db to the bottom for the latter.
All casts required some editing. 
Transmissivity and fluorescence versus pressure plots were examined on-screen; both channels were frequently spiky at depth, but there were no large sections of bad data. There are a few patches of low transmissivity and high fluorescence that look real. No editing was applied to those channels. The noisiest data are from the deepest casts, which might be due to high pressure, or the pressure sensor used. (WILDEDIT was not applied to these channels since it tends to remove good data at depth where there is little variation, and spikes near the surface may be real.) There are some spikes in the dissolved oxygen data, but not many.
15. Intercomparisons
Sensor History – The conductivity sensors and oxygen sensor had been recalibrated since they were last used. The T/C pair 2668/2754 was used later for 2007-67, when the salinity was found to be low by about 0.005, though there were some doubts about the analysis, and the cruise was one with only shallow sampling in a high-mixing region. A post-cruise calibration of #2607 indicated that salinity was high by about 0.0011 by Dec. 2007. 
Comparison of repeat casts –There are no repeat casts, but some casts were close. Casts 24 and 25 were 6.3km apart; there were minor differences in the top 75m, but below that they were slight, with the largest differences around 700db where temperature varies by <0.005C˚ and salinity by <0.001. Casts #26 and 27 are close but not as deep, with comparison possible to only 230db. The T-S properties vary more than for #24 and 25; both are fresher and cooler with values tending towards those seen in cast #28, so this is presumed to reflect real variations, not instrumental problems.
There are two lines of casts 12-19 and 49-60 which were examined to ensure that variations looked reasonable. The first line showed a lot of variability, with the first two casts similar, and the next two fresher and cooler near the surface, but similar at depth. The rest of the casts are close to shore, so their high variability is not surprising. For casts 49-60 all casts were very shallow, the first 4 showing a steady change to cooler and fresher waters, but after that the picture is confused. Given that none of the casts were deeper than 50db, this variability is probably realistic.
Historic Ranges – Climatology was available for casts #1 to 30. The only significant excursions from the ranges were for casts #13 (T low from 200-700m), 29 (T and S both low below 50m) and 30 (T and S both low for most of cast); all of those casts were near islands and since the climatology is one averaged over large regions, it best represents off-shore stations. There is no systematic error.
16. Quality Control

The 19 salinity duplicates were studied. File 2007-02-sal-dup.xls contains the data. The average difference was -0.00014, with a standard deviation of 0.0018. The differences varied from -0.0043 to +0.0032. The differences were plotted against salinity and no pattern emerged. A plot against sample number showed that the largest differences occurred early in the analysis (if the analysis was done in sample # order.) The only differences >0.001 occurred between duplicates #1 and #74 and the final sample, #490.
17. Recalibration
Recalibration was based on results from 3 cruises. See files “Salinity-comp-Laurier 2007.doc” and “Dissolved Oxygen-comp Laurier 2007.doc” for details.
For conductivity sensor 2607 there is post-cruise calibration and that indicates that no correction was necessary. The bottle comparison suggests the CTD is reading low.
For conductivity sensor 2754 the bottle comparison also suggests that the CTD is reading low, and there is no post-cruise calibration to guide us. So since there is grave doubt about how to proceed, it seems wisest to not recalibrate, and revisit the issue when a post-cruise calibration becomes available, and if and when thorough testing of the Autosal occurs.
For dissolved oxygen the observations from 2007-02 were considered the most reliable, so will be applied to all the C3O Laurier cruises.
Recalibration

CALIBRATE was run with file 2007-02-recal1.ccf to apply the following correction to the dissolved oxygen channel:

DOX_BOT = 1.0378* DOX_CTD + 0.0442

For cast #5 only the pressure was recalibrated by subtracting 8.5db.

The SAM files were recalibrated and COMPARE was rerun and the correction was found to have been applied properly. The results are in file 2007-02-DOX_Comp2.xls.

Files for which there are DO bottle samples were then thinned and compared to the bottles to see if there is a need to recalibrate the downcast data to allow for remaining time-response errors. (See file 2007-02-DOX_Comp3.xls.) The fits of differences against CTD DO or pressure were both quite flat with the largest differences appearing to be at depth. This is unusual, but there is so much noise in the data that it is probably not significant. The average difference is ~0.11ml/L, so subtracting that from all CTD DO values is appropriate. 
DOX_BOT = 1 * DOX_CTD - 0.11
That correction was applied to the thinned files and COMPARE was rerun and showed average differences to be ~-0.001ml/L. (See file 2007-02-DOX_Comp4.xls.)
After those recalibrations most data fell within:

· ±1ml/L from 0db to 200db, 
· ±0.3 from 150 to 500db 
· ±0.1 below 500db.
The second correction was then applied to all downcast CTD data using file 2007-02-recal2.ccf. It is not applicable to the bottle files.
18. DERIVED CHANNELS, BIN AVERAGE and REMOVE
A second dissolved oxygen channel was derived with umol/kg units and REORDER was used to get the two DO channels together.

The files were bin averaged using 0.5db bins and standard deviations were calculated.

REMOVE was run to remove Scan_Number, Conductivity:Primary, Descent Rate, Oxygen:Voltage:SBE, Altimeter and Flag channels. Standard deviations were also removed for those channels. 

19. HEADER EDIT and final checks
Header Edit was used to fix formats and channel names and to add the following note to the headers:
 Fluorescence:URU:Seapoint – The data are uncalibrated and unedited. 

Transmissivity: The data are nominal and unedited.

The pressure sensor is considered ±1db
 (For deep sensor: The pressure sensor is considered ±7db.)
 The CTD salinity is considered ±0.001psu when stopped. In motion the salinity

 is considered ±0.005psu except in areas of rapid temperature change where

 the salinity has been edited heavily and should be considered ±0.1psu.
Due to limitations in the cell thermal mass correction, there is an inclination to low salinity values just above the thermocline and salinity tends to be high by up to 0.05psu just below the thermocline. In well-mixed waters that error can be seen to gradually reduce until the CTD is about 50db below the thermocline. No editing was applied in such cases, since it would require interpolating over a large distance.
Dissolved oxygen is considered:

•
±1ml/L from 0db to 200db, 

•
±0.3 from 150 to 500db, 

•
±0.1 below 500db,
•
unreliable below 1200db.

Those files were named *.CTDF and will be stored for the use of Fiona McLaughlin.

The Standards Check routine was run and Header Edit adjusted until no errors remained.

REMOVE was run a second time to remove the standard deviation channels for the archive.

The final files were named CTD.

A cross-reference listing was produced.

A header check was run on the CTD files and no errors found.
20. Producing final bottle files
The MRG files were put through CLEAN to remove Sea-Bird headers.

CALIBRATE was run using file 2007-02-recal1.ccf with output files named MRGCOR1 .

SORT was run to order the records on pressure. 
REMOVE was run to remove Scan_Number, Conductivity:Primary, Descent Rate, Oxygen:Voltage:SBE, Altimeter and Flag channels. Standard deviations were also removed for those channels. 
A second CTD dissolved oxygen channel was derived in umol/kg and REORDER was used to place it near the other CTD DO channel.
HEADEDIT was used to add header information, and to fix channel names and formats. Two header files were prepared depending on whether there were stops for bottles or not, 2007-02-hdr-bot-stop.txt and 2007-02-hdr-bot-nostop.txt. The following comment was added to the header:

Phosphates: Turbidity was adjusted where necessary.
The output files were named CHEF and saved for the use of Fiona McLaughlin.
The Standards Check routine was run and Header Edit adjusted until no errors remained. 
REMOVE was then run to remove all the standard deviation channels. 

The final files were named CHE.
Data from the MRGCOR1 files were exported to spreadsheets, reordered on event number and bottle numbers and then copied into the chemistry rosette spreadsheet. A little manipulation was needed to align the data. The CTD temperature, salinity, conductivity, dissolved oxygen, transmissivity, PAR, fluorescence, pressure and the standard deviations for the temperature, salinity plus bottle salinity were entered into the columns provided for CTD final data. 
Particulars (details relevant to processing from Daily Log and rosette cast notes)
1. Problems with CTD. No Rosette sampling.
2. Bottle 7 did not close. Bottle 12 closed out of water.

3. NMEA time off by half an hour. CTD computer set to UTC.

4. Transmissometer lenses not accessible.

5. Pressure sensor read about 15m too deep at 200m. Bottles at 25 and 10m based on wire out due to pressure sensor failure. Pressure spikes.

6. Pressure spikes.

7. No cast at NP7 due to winch failure. Pressure spiked at 50m when winch read 990 meters.

8. Pressure spiked at 500m.

9. Bottle 10 failed to open?? Pressure spike at 600m.
10. Bottle 10 failed to open?? All vents on bottles were open during cast.
11. Pressure spiked at 700m of upcast. Spike at 950m.

12. Pressure spike at 950m.

13. Spikes 400, 900.

20. Vents were open on Niskins 1-6. Pressure spike at 150m. Trans spike at 280m.

21. Deep pressure sensor on CTD

22. NMEA data entered manually in header.

25. Communication problem, switched to pressure sensor 0544 1000db.

26. A dry cast was conducted and considered an event. Only profile collected. Should change site in header to BS3a.
27. BS-4 
32. The internal recording was turned off due to low voltage; battery run down.

34. Bottom temperature recorded at -1.6.

41. Altimeter not picking up bottom well.

44. Altimeter does not respond well near bottom. 
45. Bottom temp +2.2.

46. Bottom temp +1.88.
48. Altimeter was adjusted in an attempt to address problem noted earlier. Bottom temp 2.197.

50. Bottle #6 broke, did not replace.

56. Use upcast for processing.

62. Bottom temp +2.24.

63. Did 10 minute surface soak, conductivity sensor needs to be flushed and monitored.

65. Noisy salinity in top 15m of downcast. See detailed descriptor contained in Daily Log.

66. Bottom temp +2.8. Noisy salinity top 10m.
67. Noisy salinity top 10m. Sensors changed after this cast, T/C OLD: 4115/2607 NEW: 2668/2754
68. Bottom temp +1.52. Using con file 2007-02-SWL-0334.con
69. 2 bottles were fired but did not register in BL file. File edited to add those bottles based on when CTD slowed down during upcast.  

74. Shallow cast

76. Shallow cast

77. Deep cast

78. Shallow cast

79. Bottom temp -0.405. Deep cast. Wrong sensor code entered, new file to be created using 2007-02-SWL-0334deep.com. Bottle 7 fire not confirmed.

10 July 2017: Large Spikes in PAR, Fluorescence:SBE, Oxygen:Dissolved:SBE and Transmissivity were replaced with pad values in CTD files for events 5 to 14, 16, 17, 20, 21. Some small spikes remain. Channel PAR was removed from CTD files for events 23-25.  G Gatien

Institute of Ocean Sciences

CRUISE SUMMARY

	Cruise ID#:    2007-02

	Dates:   Start: 2 July 2007                   End: 22 July 2007

	Location: Bering Sea/ Chukchi Sea/ Canada Basin

	Vessel:  Sir Wilfrid Laurier

	Party Chief: Williams W./Grebmeier J.


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

	1
	SEABIRD
	25
	0293
	Yes
	Yes


	2
	SEABIRD
	25
	0334
	Yes
	Yes


CTD CALIBRATION INFORMATION
Make/Model/Serial#:
SEABIRD/SBE25/0334
& 0293
Cruise ID#:

2007-02

Note that sensors were swapped from one CTD to the other, so there is not one particular configuration for either CTD.

	Calibration Information

	Sensor
	Pre-Cruise
	Post Cruise

	Name
	S/N
	Date
	Location
	Date
	Location

	Temperature
	4115
	4 Jan 07
	Factory
	07-Dec-07


	Factory

	Alt. Temperature
	2668
	25apr07
	Factory
	
	

	Conductivity
	2607
	5 Jan 07
	Factory
	04-Dec-07


	Factory

	Alt. Conductivity
	2754
	13May05
	Factory
	
	

	Fluorometer
	2336
	?
	IOS
	
	

	Oxygen SBE43
	0615
	10Jan07
	Factory
	
	

	Transmissometer

	1052
	27Apr07
	IOS
	
	

	Altimeter
	40853
	?
	?
	
	

	PAR
	20280
	?
	?
	
	

	Surface PAR
	20281
	9Apr07
	?
	
	

	Pressure 
	0464
	23Mar06
	Factory
	
	

	Alt. Pressure (Deep)
	0436
	11Feb02
	Factory
	
	

	Alt. Pressure
	0544
	13May05
	Factory
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