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Cruise: 2007-16
Agency: OSD
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Party Chief: Yelland D.
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Processed by: Germaine Gatien

Date of Processing: 18 March 2008 – 13 May 2008
Number of original CTD casts: 72
Number of CTD casts processed: 71 (1 file upcast only)
Number of bottle casts: 
69

Number of bottle casts processed: 69
TSG files: 9



Number of TSG
 casts processed: 9
INSTRUMENT SUMMARY
A SeaBird Model SBE 911+ CTD (#0443) was mounted in a rosette and attached were a Chelsea/Seatech transmissometer (#953), an SBE 43 DO sensor (#1119), a Seapoint Fluorometer (#2356), an altimeter (#1252) and a Biospherical Licor PAR sensor (#4656). The deck unit was an SBE 11+ model (#0619) and there was a mid-ship winch. Seasave version 7.12 was used. A SeaBird model 21 thermosalinograph (#2116737-2487) was mounted with fluorometer WS3S-713P. Salinity analysis was done using AutoSal model 8400B, serial number 68572. An anoxic plug was used on the oxygen sensor and syringes on the conductivity sensors between casts throughout the cruise.
SUMMARY OF QUALITY AND CONCERNS
The CTD and rosette logs were generally in good order. It was a complex cruise with some problems with the rosette. There were good notes about some of the complications, but even more would have been helpful in processing.
Two files had raw files misnamed. The HEX file names were fixed at sea, but the BL, HDR and CON files were not. It is recommended that no file names be changed at sea and a note be entered in the log book about known errors.
These data were plagued by the same sample numbers being assigned to two different casts. In each case new numbers were created for one of the repeats, and it appears that the analysis results are valid, but there is a greater possibility of error than usual. 

There were three cases of bottles being deliberately fired out of the usual order. The conversion routines assume consecutive firing, and it takes considerable work to adapt the output so as to ensure samples are assigned to the correct CTD data. This increases the chances of error. In one case there was a note in the log book to explain precisely the order of firing, but for casts #22 and 103 there were no such notes. Since several bottles were fired at the same level, the CTD data cannot be unambiguously related to the bottles. This could make a significant difference in cases where local variability is fairly high.
Cast #54 involved sampling for Universities only. A CHE file was prepared but at this time it contains no analysis results.

The calibration drift in this pressure sensor calibration is accelerating. It went up from +3.8db in February to +5.3db in August and +5.9 for the cruise that immediately followed this one. 
The evidence about the salinity calibration is confusing. The bottle comparison is very noisy, but suggests that the CTD was reading low. The post-cruise recalibration indicates that the CTD was reading high by ~0.004 six weeks later. From this and other cruises, there are concerns about the reliability of the Autosal results. No recalibration was applied since the drift may have occurred principally after this cruise. However, the salinity should be considered ±0.003. 

There are abrupt drops in temperature and salinity at 625db in each of casts at LBP7 and LPB8; the features are unstable over a few metres. There is no obvious instrumental cause, so no editing was applied. There are other odd deep features at other sites in the northern part of the cruise, but none others have significant instabilities.

The dissolved oxygen data in the CTD files should be considered

•
±0.8ml/l from 0 –150db

•
±0.3ml/l from 150 to 400db

•
±0.2ml/l below 400.

•
data below 1000db are considered unreliable by the manufacturer.
The TSG salinity was obviously bad in much of the record, and comparisons with CTD and loop samples confirm most of the data are unreliable. Some salinity data in file #3 are useful; the rest were removed. The TSG lab temperature looks fine, so the salinity problem is hard to understand. The intake temperature looks too high throughout, so corrections to the lab temperature were made based on comparisons with CTD data and the history of the instrument. TSG fluorescence is higher than CTD fluorescence and loop chlorophyll by an average of ~1.7 times, but there is a lot of variability in the ratio.
PROCESSING SUMMARY
1. Seasave
This step was completed at sea; the raw data files have extension HEX.
2. Preliminary Steps

The Log Book was obtained together with rosette log sheets. There were a number of problems during the cruise and the log notes plus notes from Marie Robert were very helpful in resolving them.
Nutrients, chlorophyll and salinity data were obtained in spreadsheet format. 
The oxygen files were provided in individual ADD files.
The cruise summary sheet was completed.
The histories of the conductivity, DO and pressure sensors were obtained.

The calibration constants were checked for all instruments. The pressure sensor offset had been set to 5. During 2007-15 a setting of 5.3 was found appropriate, and during 2007-62 +5.9db was used. So for this cruise a value of +5.8db was chosen. This will be checked later and can be adjusted then if necessary. The new file was named 2007-16-ctd.con.
3. Conversion of Raw Data

Data were converted using configuration file 2007-16-ctd.con. A few casts were examined and all expected channels are present. The upcast primary temperature and conductivity traces are noisy. The primary and secondary traces are quite different on upcasts, but generally close during downcasts. The transmissivity and PAR look fine. The altimetry signal is generally clear at the bottom. Dissolved oxygen has the usual hysteresis. 
An initial look suggests that the pressure offset of 5.8 is possibly a little low. There is some data with pressures very close to zero and in-water values. In a few cases of near-zero pressure the two sensors look quite different as if one might be out of water and one in. So if there is an error it is not large. 
Rosette files were converted using a start time of -2s and duration of 5s.
The rosette files were then converted to IOS SHELL files. Those files were given extensions BOT. All BOT files were plotted and a few outliers in the secondary salinity were cleaned for Niskin #3, cast #55 using CTDEDIT.
As noted in the log book, cast #29 was labelled as #28 in the raw files, so those names were changed.

4. WILDEDIT

Program WILDEDIT was used to remove spikes from the pressure, conductivity and temperature channels only.  Parameters used were:  

 Pass 1 Std Dev = 2
Pass 2 Std Dev = 5
Points per block = 50

5. CELLTM

Tests were run on several casts using settings (α = 0.01, β=7), (0.01, 9), (0.02, 7), (0.02, 9), (0.03, 7), (0.03, 9) and (0.0245, 9.5) to see what settings look best for this cruise. The upcast traces are very noisy so the judgment is not easy, but overall the best choices were (0.02, 7) and (0.03, 7), which are the same choices made for 2007-15 and -16 when the same equipment was used. 
CELLTM was run using (0.02, 7) for the primary and (0.03, 7) for the secondary.
6. DERIVE

Program DERIVE was run twice: 

on all casts to calculate primary and secondary salinity.

on a few deep casts to calculate the differences between primary and secondary channels for temperature, conductivity and salinity. The latter data were placed in a test directory and will not be archived.
7. Test Plots and Channel Check

The data from one cast of each of the cruises before and after 2007-16 are plotted together with a few casts from this cruise. The cast chosen to represent 2007-15 had values typical of the casts with high descent rates without extreme noise, but late in the cruise the differences were much lower, ~0. There was only 1 deep cast for 2007-62.
	Cast #
	 Press
	T1-T0 
	C1-C0
	S1-S0
	Descent Rate

	2007-15
	500

1950
	-0.0006

-0.0005
	+0.00020

+0.00014
	+0.0029

+0.0023
	High

High

	33
	1000
	-0.0005 VN
	-0.00006 VN
	-0.0002 N
	High

	
	1400
	-0.0004
	-0.00007
	-0.0005
	High, N

	69
	100
	-0.0005
	-0.00009
	-0.0006
	V.High, VN

	
	1400
	-0.0004
	-0.0001
	-0.0007
	V.High, VXN

	81
	500
	-0.0005
	-0.0001
	-0.0003
	High

	
	1000
	-0.0008 VN
	-0.0001
	-0.0008 VN
	Mod., VN

	98
	500
	-0.0006 VN
	-0.0001
	-0.0005 VN
	High, N

	
	1000
	-0.0004
	-0.00011
	-0.0009 VN
	High, N

	
	1400
	-0.0005 VN
	-0.00011
	-0.001  VN
	High, N

	
	1950
	-0.0003
	-000013
	-0.0011 VN
	High, VN

	107
	1000
	-0.0004
	-0.0001
	-0.001 N
	V.High, Quiet

	
	1400
	-0.0004
	-0.00011
	-0.0012
	V.High

	
	1950
	-0.0004
	-0.00013
	-0.0011 XN
	V.High

	2007-62
	500

1950
	-0.0007

-0.0003
	-0.00024

-0.00023
	-0.0020

-0.0027
	High


N= Noisy data; VN = Very noisy data.
The differences at 500db were generally too noisy to make an estimate. There is some hint of pressure dependence in the conductivity and salinity differences. The conductivity and salinity differences during 2007-16 show some temporal drift and are intermediate between the other two cruises. There is no obvious temporal or pressure dependence in temperature.
8. Conversion to IOS Headers

The IOSSHELL routine was used to convert SEA-Bird 911+ CNV files to IOS Headers.
CLEAN was run to replace pad values in the Pressure channel using linear interpolation based on scan number.

9. Checking Headers

The header check and header summary were run. The only errors found were a few errors in station names. These were fixed in the CLN and BOT files.

The cruise tracks were plotted and added to the end of this document. 
The average surface pressure is 1.4db, which is low for the Tully. However, the salinity is very low for cases of pressure <1db, so it looks like the pressure is about right. 
The mixed-layer calculation shows that the surface gradient is high, so in only a few cases are surface samples likely to help with calibration, and comparison of CTD and TSG data is likely to be very sensitive to small differences in depth.
The altimeter readings from the header were exported to a spreadsheet and a few casts were checked. The altimetry is noisy but the algorithm appears to have worked well. 
10.  BOTTLE FILE PREPARATION

The BOT files were averaged to enable an addsamp file to be created. This file was edited to add sample numbers taken from the rosette sheets. There were many problems to be resolved:

· Sample #43 is said to be from cast #18 in the log book, but there is no BOT file for that cast. A plot of the full data set shows a short stop at about 7.5db. There is no HDR, BL or CON file for this cast. There are HDR, BL and CON files for cast #15 but no HEX file and the log book indicates it was a NET cast. The HDR file shows the station name to be LB07 which is the site of rosette cast #17. It looks as though the HEX file names were fixed, but not the BL or CON or HDR files. So the CTD casts look ok, but the original bottle files are wrong. The RAW files for #15, 17 and 18 were copied to a test area, those named 17 were renamed 18 and those named 15 were renamed 17 and conversion was rerun. This was successful so the RAW file names were changed for the BL, HDR and CON files and all bottle file steps were repeated up to this stage. (There was a note in the log book about this problem, but care still needed to be taken to make out exactly which files went with which events. It would be better to fix all file names for a cast, or none.)
· The order of firing bottles for cast #22 was odd and there was no note in the log book explaining this. The rosette log shows that Niskins #10 & 11 were fired at 125db. Without a note of explanation it looked like the CTD was lowered to that depth after sampling at 4m, whereas it was a matter of firing bottles out of order. Another potential problem is that we don’t know the order of firing for the 3 bottles at 125db, so the CTD data cannot be unambiguously assigned to bottles. At 125db there is sufficient variability that this could be significant. Another error for this cast is that the DO sample from 5db with original sample #278 should be sample #9281. 
· Sample #67 was assigned to two different casts, #26 and #27. Since the former had only one bottle fired and only salinity sampling done, the sample number for that one will be changed from #67 to #9067 in the bottle file and SAL file.
· Sample #112 was assigned to two different casts, #32 and #34. There was only salinity sampling for cast #34 and in fact there is no data reported for that particular bottle though the rosette log indicates sampling occurred. So #112 will be used for cast #32. 
· After running COMPARE it was found that all labels are wrong on the rosette sheet for cast #34. This affects only salinity as there was no other sampling. Sample #112 is listed for Niskin #1 but the CTD salinity from Niskin #1 looks like sample #113. In fact all samples look like the previous bottle from the one reported on the rosette sheet. There is no salinity data reported for sample #132 (listed on the rosette sheet for Niskin #21). COMPARE was run with samples reassigned to a Niskin bottle 1 lower than reported and the results were much better.
· Sample numbers 266-283 were used for casts #64. Half of those sample #s were also used for cast #65, one for cast #67 and the rest were also used for cast #68. The simplest way to fix this is to rename the samples from cast #64, adding a leading “9” so they become 9266-9283. These numbers were entered in the bottle files and analysis files. The only salinity sample had been named as #2677 on the salinity sheet and #267 on the rosette log – for consistency in naming it was changed to 9267.
· 5 bottles were fired for cast #69, 2 at 198db and 3 near the surface. The log book notes that a salinity sample was taken at 5m and bottles were fired for a university researcher at 200m. It is not clear which bottle is the one from which the sample was taken, but it will be assumed it was bottle #5. 

· Sample #338 is given in the salinity spreadsheet as being from cast #78, but in the log book that number is used for both cast #74 and cast #78. Comparing the bottle salinity with the CTD data in the bottle file it looks far more likely to be cast #74, so the salinity file name was changed from 2007-16-0074.sal to 2007-16-0074.sal. The salinity value was flagged “c”.
· Cast #79, bottle #20 was fired 2nd.
· The order of bottle firing for cast #82 was odd, but was well described in the log book. The pressures in the BOT file (in firing order) correspond to the entries in the log book note, but not to the rosette log. In order that COMPARE work properly, the bottle numbers in the BOT file had to be changed. The BOT file was opened in Ultraedit so that large blocks could be adjusted. So what are originally in the bottle file as bottles #5,6,7,8,9,10,111,12,13,14 become #20, 21, 5, 6, 7, 8, 9, 10, 22,23. This definitely complicates processing, though no IOS sampling was done from bottles 20-23, but it is assumed that a file should be prepared for the use of the university researchers.
· There were 2 bottles fired at the surface for cast #92 but only one was for IOS. Sample #374 is presumed to be from the first bottle, but could be the second.

· The rosette log indicates that 23 bottles were fired for cast #95, but there are only 22 in the bottle file. There are no samples corresponding to bottle #21, sample #395 which is said to be at 10m. A note in the log book indicates that bottle #21 did not fire, so the CTD was returned to 10m to close #22, but there was no water in #22 though it was closed, so no samples were taken there. The bottle file contains records at 30, 20, 11 and 5db in that order. There is a salinity sample labelled as being from Niskin #22, sample #396 but since that bottle is said to have been empty that can’t be right. There are samples with sample #397 which on the rosette sheet is said to be from Niskin #23 – no such bottle is in the bottle file, but if #21 did not really fire, then this probably corresponds to what is in the BOT file as Niskin #22 at 5m. The water in the top 20m is very well mixed (judging by both downcast and upcast data) so this does not help us nail down the source. The best guess is that there was sampling from Niskin #20 with sample #394 and from Niskin #23 with sample # 397. Salinity sample #396 is probably mislabelled and should be #397. So the salinity sample number was changed, with a note in the header to indicate why. The addsamp file was adjusted so that samples 394, 395 and 397 correspond to Niskin Bottles #20, 22 and 23. The Bottle file was edited to change bottle #22 to 23 and 21 to 22.
· Cast #103 looks somewhat like cast #82 but there are no notes in the log to indicate the order of firing. The records in the BOT file are in order of firing, whereas the rosette log lists them in order of Niskin bottle. The Niskin bottles fired are not in the usual consecutive order. For example Niskin bottle #10 was fired at 75db right after Niskin #2. The order of firing appears to be: Niskin #1, 2, 10, 11, 3, 4, 5, 6, 4, 8, 9, 12. The BOT and AV1 files were edited to change the Niskin bottle numbers and a comment was put in the header to explain this. 

· Cast #107 – There was only salinity sampling for this cast and the sample number used was #421 which had already been used for cast #103. So it was changed to #9421.
· Cast #108 - There was only salinity sampling for this cast and the sample number used was #422 which had already been used for cast #103. So it was changed to #9422.
· Cast #111 - There was only salinity sampling for this cast and the sample number used was #423 which had already been used for cast #103. So it was changed to #9423.
· Cast #112 - There was only salinity sampling for this cast and the sample number used was #424 which had already been used for cast #103. So it was changed to #9424.

· Cast #115 – all sample numbers had been used previously so they were renamed with a leading “9”. 425-430 became 9425-9430. This affects Nuts, CHL and SAL. 

· Cast #126 – sample #444 had been used before so was replaced with #9444. All properties will be flagged “c” due to these doubts. (The nutrients were flagged “d” as they seem totally wrong.)
The ADDSAMP file was converted to CST files to be used as a framework for the bottle files. It was also used to add sample numbers to the BOT files (output: SAM). The BOT files were then bin-averaged (SAMAVG.)
The raw salinity data are in file 2007-16 raw salinity.xls and contains Autosal results for both loop samples and rosette samples. The two files were separated into 2007-16-sal.csv and 2007-16-loop-sal.csv. The header names were changed to standard format and unnecessary columns were removed. The file was ordered by station name and sample number. The rosette file was converted into individual SAL files. 
The extracted chlorophyll data were provided in spreadsheet QF2007-16CHL.xls. The spreadsheet was simplified, reordered on sample number, comments were amended to show to which variable they applied and headers changed to standard format; the loop data were saved as 2007-16-loop-chl.csv and the rosette data as 2007-16-chl.csv. The rosette file was converted into individual CHL files.
The nutrient spreadsheet QF2007-16NUTS.xls was simplified and the rosette data were saved as 2007-16-nuts.csv; the word “Nutrients” was inserted before comments, headers were changed to standard format and lines with no sampling were removed. There were 2 flags for some of the phosphate data, “df”. The file was then sorted on sample number. The file was then converted into NUT files. The loop nutrients will not be saved separately as they are not relevant to calibration. It is noted that two analyzers were used, so separate comments will need to be prepared for different casts - The Astoria Analyzer was used for sample analyses up to and including cast #82. The remaining samples were stored frozen and analyzed at IOS using the Technicon II Autoanalyzer. 
File QF2007-16NH4.xls was simplified, headers changed to standard format, unnecessary lines removed and data ordered on sample number and saved as 2007-16-NH4.csv. It was then converted to individual NH4 files.
Dissolved oxygen files (*.add) were provided with a flag channel and comments entered in the headers. The flags were mostly in the wrong column and the sample numbers were missing from the comments. The pad values were wrong which led to values of 0.99 being entered where -99 should be. The headers were edited to change the pad values from -99.99 to 99.00. The file for cast #44 was missing. There was an OXY file but errors in the header led to the failure in adding the flag channel. The header was fixed and the ADD file was then created. There were no notes on the rosette sheet, so no flags were added.
Note that the loop files for chlorophyll and nutrients include shallow sampling from the rosette, whereas for salinity only the actual loop samples are included in the loop file.

The CST and SAMAVG files for some casts had to be reordered by increasing sample number.

The SAL, CHL, ADD, NUT and NH4 files were merged with CST files in five steps, and then put through CLEAN to reduce the headers to File and Comment sections only (Output MRGCLN1.) That file was then merged with SAMAVG files (Output:MRG).

Because of the number of errors in sample numbers and the need to reorder many of the files, a check was made that all data are present by exporting the MRG files to a spreadsheet 2007-16-bottles.csv. That file was compared with the rosette sheets. Many problems were found which were gradually resolved. Resolving some problems entailed reconverting spreadsheets, so that the corrections to sample #s had to be repeated, so it took a few passes through the steps of this section before the results were satisfactory.
Plots were made of dissolved oxygen from bottles and CTD versus CTD salinity. One outlier had already been flagged. The only other outlier was from bottle #5, cast #65. There was no bottle salinity available for that sample, but the nutrients and dissolved oxygen samples have values that seem just slightly out of line. However, plots of CTD Dissolved Oxygen versus pressure or salinity show that there is a deep DO maximum near the level of the bottle. So the mismatch of bottle DO versus CTD DO is probably a reflection of the failure of the CTD sensor to respond quickly to changing conditions. No flag was attached to the bottle.

11. COMPARE
Salinity
COMPARE was run with pressure as the reference channel. Most of the outliers are associated with high standard deviation in the CTD data or were surface samples in high gradient areas. The following samples needed further investigation:

· Cast #1, 5 samples (#6-10) from 20 to 100db were all outliers with no obvious cause of trouble. There is no evidence of mislabelling as the samples don’t look like they are from another level. The standard deviation in the CTD data is slightly high for a few of the bottles, but ok for most. The CTD had stopped for a reasonable time for each. This was the first cast, so there might be the possibility of some CTD problems such as a dry cell, but the cruise was immediately after 2007-15, so this is not likely. The samples were flagged “c”.
· Cast #13, sample #40 – The CTD had been raised to the surface and was then returned to about 10m, but it had not come to a stop when the bottle was fired. It is clear in the bottle file that the CTD data had not equilibrated. The water is probably from somewhat higher in the profile. The sample was labelled “d” as its source is unknown.

· Cast #32, sample #112 – severe outlier in COMPARE; flagged “d”.
· Cast #35, samples 151 and 152 – 20db and 11db, outliers in COMPARE; flagged “c”

· Cast #56, sample #238 – This sample had been flagged “c” by the analyst because there was no black cap. The flag was changed to “d” as it was an outlier.
· Cast 68, sample #281 – severe outlier in comparison to CTD, the other samples look ok, there is no mention of this sample on the rosette sheet. Flagged “d”.

· Cast #72, sample #308 - The standard deviation is fairly high, but it does not seem like enough to explain the large difference. The salinity bottle value is an outlier in a profile as well, so it will be flagged “d”.
· Cast #82 – there was a comment in the header about the value “bouncing around” but no flag. The value is not an outlier in COMPARE so no flag was added.
· Cast #87, sample #371 – The CTD data are not noisy. The sample will be flagged “c”.
· Cast #95, Samples 393 and 394 – Standard deviations in CTD data are fairly high for one and high for the other. But the differences seem too large to be explained by that. These samples will be flagged “c”.
· Cast #103, samples 423, 424, 426 – extreme outliers. Sample #422 was also a slight outlier but the CTD data are very noisy for that one so the sample is probably fine. Sample #423 looks like a surface sample, not from 50db; #424 looks like it is from 20db, not 50db; #426 looks like a deep sample, but not close to anything in the rosette file. Sample #430 is close to the CTD. It seems unlikely that there were misfires of the bottles since the nutrients and DO samples look fine and that also suggests that the correspondence between bottle #s and order of firing is correct. The best explanation is that the salinity samples were collected from the wrong bottles, not hard to imagine given the complications of how they were fired. Salinity samples #423, 424 and 426 will be flagged “d”.
After outliers were removed (differences >0.005) the primary salinity was low by an average of 0.0011 and the secondary low by 0.0016. When bottles from above 500db were also excluded the average differences are -0.00005 and -0.0007 for the primary and secondary salinity respectively. The fit against pressure is quite flat when data from all depths are included. There is a lot of scatter with the standard deviation of 0.002 in the salinity records that are included in the fit. The noise level is high especially at depth. It looks like the noise in the comparison is not due to CTD problems.
Individual plots were made of casts #34, 35, 72 and 95 which were deep and had many salinity bottles. The results were interesting. For cast #34 the bottles from 400db to 600db are very close to the CTD and below that the CTD is higher than the bottles by about 0.0025. During cast #35 we see the opposite pattern with bottles close to the CTD from 300 to 750db, and below that the CTD data are higher than the bottles by 0.0025 to 0.003. For cast #72 the differences look pretty random and for #95 the CTD looks low for most bottles. The same pattern is seen in comparison to both CTD sensor pairs, and CTD variability is similar for all, so the variability would seem to be due to salinometer variations. 
During cruise 2007-15 the salinity comparison was considered to be of lower quality than usual. When samples were studied in order of analysis, patterns emerged to suggest the scatter might be due to problems with the salinometer operation. For 2007-15 the analysis was not done in order of sample #. For this cruise we don’t have the salinity sheets, but the spreadsheet suggests samples were analyzed in sample # order. There was no evidence of problems with particular Niskin bottles during 2007-15. There was some trouble with deep CTD data thought to be due to a pump cable problem. Since that was resolved during the previous cruise it is not expected to be a problem for this cruise.
The plots against file pair with differences >0.005 excluded, indicate time dependence with CTD salinity close to bottles early in the cruise and low by ~0.002 at the end. Removing data above 200db makes no difference in this trendline. The trendline slopes are exactly the same for the two channels, suggesting that what is being observed could be a drift in the salinity analysis. 
COMPARE was run using Bottle Number as reference channel, and no individual bottle shows up as a problem.

Another issue that affects our interpretation of this comparison is that some doubts have been raised about the linearity of the Autosal used for these data. The error is believed to be low at 35, but the Autosal was found to be high by 0.009 at a salinity of 30. This was a preliminary result, and before further tests could be done the salinometer broke down. It is hoped that tests after repair will still be valid for interpretation of data analyzed previously. 

When differences were plotted against secondary salinity, the results do show some salinity dependence with differences at salinity 30 to be about the size suggested. However, the smallest differences were found around 34. The differences below that were slightly larger.
Dissolved Oxygen
COMPARE was run using pressure as the reference variable. A plot of DOX_BOT versus DOX_CTD was used to identify outliers. Plots were made of bottle DO and CTD DO versus CTD salinity and based on those plus the Compare results flags were assigned as follows:

· Cast #1, Sample #1: Flagged “d” as extreme outlier in COMPARE and profile and DO vs Sal plot.
· Cast #29, Samples #86, 87, 88: The nutrients were flagged “d” for these 3 samples between 50and 100db - they were thought to be a misfire or mis-sample. The DO vs Sal plot looks odd but the CTD and Bottle DO both show the same thing. In a full profile there is a subsurface DO minimum and then a maximum around 40db. The upcast and downcast agree. On a T-S plot this cast looks very different from those before and after it, with a lump of barely stable water at about 10db and from 10 to 30db the water is cooler and fresher along lines of constant σt than the casts before and after it. The DO values will not be flagged and the nutrient analyst agreed that those flags should be removed based on the DO and SAL observations.
· Cast #40, Sample #179: analyst flagged this "c" due to a small bubble in flask prior to titration; flag was changed to "d" because it was found to be an outlier in comparison to CTD Dissolved Oxygen and in plots of DO versus salinity.
· Cast #65, Sample 270: The bottle DO is much lower than the CTD DO, but both stand out in DO vs Salinity plots with CTD looking too high and bottle too low. This cast looks a little like cast #29 suggesting the bottle may be fine. The CTD data were slightly noisy. The profile shows there was a large DO gradient, so it seems likely that the bottle is ok and the problem is due to the CTD DO not responding quickly enough.
· Cast #76, Sample #329 - Slightly out of line in the DO vs Salinity plot and slightly out in COMPARE. However, the temperature and CTD DO also look a little odd here and the standard deviation in the CTD data is slightly high. The bottle is probably ok. That one will be excluded from the comparison because the CTD DO may be off.
· Cast #79, Sample #357 – Outlier in COMPARE and in DO vs salinity plot. The salinity varies little in the top 10m but the DO could have more variability. Given the problems with the CTD DO response time the difference is not enough to justify a flag, but the value will be excluded from the comparison.
When the outliers were excluded, plus the 3 bottles from below 1200db, the fit was:

CTD-BOT = 1.0787 * DOX-CTD +0.0095
It is interesting that excluding the deep bottles (>1200db) made no difference to the fit. There was no evidence of temporal variations. (See 2007-16-dox-comp1.xls.) 

During 2007-15 when an anoxic plug was used between all casts the results were:

CTD-BOT = 1.0864 * DOX-CTD -0.0116

During 2007- 62 the fit was:

CTD-BOT = 1.0476 * DOX-CTD -0.0066
The latter cruise included some sampling of anoxic waters, but it is not known if the anoxic plug was used.
Fluorescence vs Chlorophyll

Plots were produced of CTD Fluorescence versus extracted Chlorophyll. There is a lot of noise but most is associated with high standard deviation in the CTD data. The following fits were found:

CHL = 1.3 * FL – 0.18
with all data and 


CHL = 1.2 * FL – 0.08

with a few points excluded that have high standard deviation in the fluorescence.
12. SHIFT

Dissolved Oxygen 

For 2007-15 and 2007-62 which bracketed this cruise the Dissolved Oxygen channel was advanced by +110 records. Tests were run on two casts to ensure that the same setting looks appropriate for this data. This was judged by how the vertical offset between downcast and upcast traces compares with that of the temperature. Because of hysteresis alignment will not produce traces that overlie each other exactly. The results show that +110 does work well.

SHIFT was run using +110 records.
Fluorescence
To find what shift is needed for the fluorescence, upcast and downcast profiles were examined to determine the vertical offset of the temperature and fluorescence traces. The differences between these two offsets are treated as a measure of how much the fluorescence needs to be shifted. The “excess” offset for the fluorescence was divided by the averaged descent/ascent rate and divided by 2(since the shift will be applied to both up and downcast) to find the shift (in seconds) to remove that offset. Values of ~1s were found for most cast. For most cruises a shift of +24 records (1s) has been found to be appropriate. SHIFT was run using +24 records. (Output: SHFFL)

Conductivity
For 2007-15 and 2007-62 which bracketed this cruise the primary conductivity was advanced by +-0.5 records and the secondary by +0.2 records. Tests were run on a few casts to ensure these values work well for this cruise and they do.
All casts were put through two runs of SHIFT using those values. Primary and secondary salinity were recalculated. (Output *.SHFC0 and SHFC1).
11. DELETE

The following DELETE parameters were used: 

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

Surface Pressure Tolerance: 1.0                  Pressure filtered over 15 points

 
Swells deleted. Warning message if pressure difference of 2.00

 
Drop rates <   0.30m/s (calculated over 11 points) will be deleted.

    
Drop rate applies in the range:  10db to 10db less than the maximum pressure 
 
Sample interval = 0.042 seconds. (taken from header)

COMMENTS ON WARNINGS: The only warning pertained to cast #54 which contained only upcast data, so this is not of concern. 
12. DETAILED EDITING

It is not obvious which channels to archive. The secondary were selected for 2007-15 and 2007-62 because there was some hint of temporal drift in the primary and there was a post-cruise calibration available for the secondary. For this cruise the temporal variations are the same for both channels and the primary salinity is slightly closer to the bottles. However, there are grave concerns about the bottles. The standard deviation in the two channels during bottle stops are similar, with the secondary being slightly lower. Close examination of a few casts suggests that the primary salinity may be slightly noisier but there is not a lot of difference.

The secondary salinity will be selected for archiving because of the availability of a post-cruise calibration and because it was used for 2007-15 and 2007-62. 
Graphical editing was done using program CTDEDIT. On-screen plots of descent rate and pump status were also used. All casts needed editing. 

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

Cast #26 – there was an initial section with a lowering to 5m, then up to the surface; a text editor was used to remove that data from the SHFC1 file and then DELETE was rerun.

13. Other Comparisons

Previous experience with these sensors – 

1. Salinity: These sensors were used before and after this cruise during 2007-15 and 2007-62. There were few deep bottles for 2007-62 and a lot of scatter in the comparison for both cruises. Both sensors showed some time-dependence in the calibration during the first cruise, but it was most severe for the primary; overall the salinity was within 0.001 of the bottles for both channels, but tended to look high towards the end. For 2007-62 the primary salinity was close to the bottles and the secondary looked low by 0.0016. The secondary salinity was archived for both cruises because of the time-dependence noted in the primary during 2007-15. 
2. Dissolved Oxygen: This sensor was used during 2007-01, 2007-15 and 2007-62. There was little bottle data for this sensor during 2007-01. During 2007-15 an anoxic plug was used and the following recalibration was applied (based on comparison with bottles):

CTD-BOT = 1.0864 * DOX-CTD -0.0116

A second recalibration was applied to the downcast files; that was an offset of -0.204ml/l.  During 2007-62 the fit used was:
CTD-BOT = 1.0263 * DOX-CTD -0.0314 and the second recalibration was P-dependent.

3. Pressure: The pressure sensor has been drifting over the past 5 years and that has accelerated recently; with an offset of +5.9 used for 2007-62.

4. Post-cruise calibration: The secondary conductivity sensor was recalibrated in October 2007 and the salinity was found to have drifting by 0.0004 salinity units per month, measured at 3 S/m; assuming linear drift with time that would be ~0.0032 by the beginning of this cruise. This was the second of 3 cruises that used this sensor between recalibrations, so if we assume the drift is with usage rather than time, it would suggest that the salinity was high by ~0.002 – 0.003.
Historic ranges – Profile plots were made with historic ranges of T and S superimposed. There were a number of excursions from those ranges. For a few casts either the temperature was high or the salinity low in the top 20m. These excursions look ok, probably just the surface was mixed a little deeper than usual for this season.  There are some odd features in the data near Brooks Peninsula. Temperature and salinity are within the historic ranges, but there are sudden drops that are slightly unstable; they occur at 625db for both casts #74 and 75. There are similar drops at 580db for cast #78, but that one is stable. Temperatures are at or just below the lower end of the ranges between 650 and 950db just west of the northern tip of Vancouver Island (at LQ3) and around 110db at station CPE1. The step-like drops in temperature and salinity do look real; the unstable feature below them could be the result of shed wake corruption or other instrumental error. However, the features were left unedited since they could be due to overturning associated with the step.
14. Initial Recalibration
During the cruise before this one, the secondary salinity was found to be close to bottle salinities, though there was some drift towards higher CTD values through the cruise. The cruise that followed this one indicated low CTD salinity, but there were very few deep bottles and no sampling late in the cruise. The post-cruise calibration showed the salinity to have been high by ~0.004 soon after the 3rd cruise. There has been evidence in the past year that the Autosal may be reading high, making the CTD salinity look lower than it really is. If this is due to linearity problems, then this will most affect samples with lower salinity, so the results for 2007-15 with many deep samples is likely to be ok. There is also a lot of noise in the comparisons with bottles. For this cruise some casts look quite different from others. While this may be a sampling problem, it seems more likely to be problems with the analysis. Given the possible Autosal bias and the post-cruise calibration, it seems likely that the secondary salinity is high by 0.001 to 0.002 even though COMPARE suggests it is low by 0.0016. However, that requires an assumption that the drift in the calibration is linear with either time or use. Given the uncertainties, no recalibration will be applied and salinity should be considered ±0.003. 
File 2007-16-recal1.ccf was prepared to apply the following equation to the dissolved oxygen channel:
CTD-BOT = 1.0787 * DOX-CTD +0.0095

This correction was first applied to the rosette and chemistry files and then COMPARE was rerun to check that the results were as expected and they were. The downcast files were recalibrated. (See 2007-16-dox-comp2.xls.)
15. Final Calibration of DO

SHIFT corrects for the error in DO alignment with temperature due to transit time. The first recalibration corrects for the calibration drift in the sensor. A further correction is needed for the downcast data only, to allow for the “in-motion” error due to poor sensor time response. To check for this downcast data are compared with upcast bottles.

Files were bin-averaged to 0.5m bins for the casts with DO bottle samples. Those files were then thinned to the usual levels for bottles and compared to the bottle values in the MRG files. COMPARE was used to study the differences between the downcast CTD DO data and the upcast bottles. When data from below 1000m are excluded plus outliers identified by residuals, the following fits were found:

DO Corrected = DO * 1.0018 – 0.2084



(1)
DO Corrected = DO - 0.2599 + 0.0002 *Pressure  

(2)
The average correction was -0.20ml/l and the range of corrections quite small. Both the above fits and a simple offset of -0.2ml/l were tested and either the Pressure-dependent or DO-dependent fits worked equally well and were better than the offset. The correction is a little high for the highest DO values, and a little low for intermediate values and about right for the lowest values. During 2007-15 an offset of -0.2ml/l was applied.

The thinned files were recalibrated using 2007-16-recal2.ccf to apply the above DO-dependent correction (Equation (1)) and COMPARE was rerun. The results showed that the recalibration was successful. (See 2007-16-dox-comp3.xls and 2007-16-dox-comp4.xls.) 

16. Special Fluorometer Processing

The COR1 files were recalibrated and clipped to 120db and processed separately for A. Peña. The second recalibration was applied to these files. (Output: CLIPCOR2)
One set was then bin-averaged (0.25db bins), put through REMOVE and HEADEDIT and named as *.FCTD1 and saved for Angelica Peña. A second set, *.FCTD2, were filtered before bin-averaging. The SAMCOR1 files were recalibrated to correct pressure, put through REMOVE and named *.BOF and saved for the use of Angelica Peña. A readme.doc file was prepared with some notes on the preparation of those files.

17. FILTER and BIN AVERAGE of CTD files
A median filter, fixed size=11, was applied to the fluorescence channel in the COR files to reduce spikiness. One cast was examined before and after this step and showed that the filter was effective. 

The following Bin Average values were applied to the FIL files (output AVG):

Bin channel = pressure

Averaging interval = 1.000

Minimum bin value =   .000
Average value will be used.

Interpolated values are NOT used for empty bins.

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

Profile plots were made to check for bad data in transmissivity, fluorescence and dissolved oxygen. The only slight problem noted was a little noise around 600db in the fluorescence for cast #81.
The second recalibration was applied to the averaged downcast files to using 2007-16-recal2.ccf. (Output: COR2) (Note that this recalibration is not applicable to the bottle files because the CTD is stopped.)

18. FINAL CTD files steps (REMOVE and HEADEDIT)
The following channels were removed from all casts: Scan_Number, Temperature:Primary, Salinity:T0:C0, Conductivity:Primary, Conductivity:Secondary, Oxygen:Voltage:SBE, Altimeter, Status:Pump, Descent_Rate and Flag.

PAR was removed from casts: 32, 33, 34, 35, 37, 39, 40, 69, 71, 72, 74, 76, 78, 79, 81, 91, 92, 95, 98, 99, 102, 107.
A second SBE DO channel was added and the channels reordered to put the two SBE DO channels together. 

HEADER EDIT was used to fix formats and channel names and to add the following comments:
Transmissivity and fluorescence are nominal and unedited except that 

some records were removed in editing temperature and salinity.

The dissolved oxygen data in the CTD files should be considered

•
±0.8ml/l from 0 –150db

•
±0.3ml/l from 150 to 400db

•
±0.2ml/l below 400.

•
data below 1000db are considered unreliable by the manufacturer.
 Salinity data are considered ±0.003.
The Standards Check routine was run and HEADEDIT adjusted until no further problems were found. The final files were named CTD.
As a final check of dissolved oxygen, data % saturation was calculated and plotted. The near-surface values were between 60% and 100%. The values were mostly between 95 and 100% in Saanich Inlet and in the offshore section, but were low for some of the LB line and for the final cast at CPE1. Bottle values confirm that the CTD oxygen is not out of line for the casts with low saturation.
19. Final Bottle Files 
The MRGCOR1 files were put through SORT to order on increasing pressure. 
The following channels were removed from all casts: Scan_Number, Temperature:Primary, Salinity:T0:C0, Conductivity:Primary, Conductivity:Secondary, Oxygen:Voltage:SBE, Altimeter, Status:Pump, Descent_Rate and Flag.

A second SBE DO channel was added with different units. Then the files were reordered to put the two SBE DO channels together.

HEADER EDIT was run to fix formats and units and to add a comment about quality flags and analysis methods. Two different header text files were prepared, 2007-16-bot-hdr1 for casts 1-82 and 2007-16-hdr2 for casts 86-126.
Data were exported to a spreadsheet as a final check that the bottle data, sample numbers and flags were entered correctly. This was a complex cruise so there is great room for error. Problems were found with cast #126 which was prepared again.
Standards check was run on all files and HEADEDIT adjusted until all format problems were resolved. (Output: CHE)
22. Thermosalinograph Data

Notes from Marie Robert indicate that there were many problems with the TSG, including flow rate, bubbles, highly variable salinity, and large differences in temperature between intake and lab.

a.) Checking calibrations
There were 9 files containing TSG data, but several contained only a few records. A report was printed for the con file, the fluorometer calibration was corrected and serial number was entered and the primary temperature calibration was corrected; the resulting file was saved as 2007-16-TSG.con. 
b.) Converting to IOS Headers, adding position headers and time channels, preliminary checks
The data were converted to CNV files using a SeaSoft routine. The channels converted were: Scan_Number, Temperature:Primary, Temperature:Secondary, Temperature:Difference, Conductivity:Primary, Fluorescence:URU:Wetlabs, UPloy0, Latitude, Longitude, Salinity:T0:C0 and Time Julian and then converted to IOS HEADER format. Files 7a and 7b were renamed 8 and 9. They were then converted to IOS Header format.
CLEAN was run to add End times and Longitude and Latitude minima and maxima to the headers. 
ADD TIME CHANNEL was used to add time and date channels in IOS SHELL format and the output files were named *.ATC. A track plot was produced and it looked correct; it was added to the end of the report.
Time-series plots were produced. During 2007-15 the intake temperature was bad, and the same is true for this cruise. The salinity is spiky and looks bad in large sections. While there is a lot of variability due to the variety of waters sampled, there are some odd drops in salinity that look like the results of a clogged TSG.
The ATC plots were opened in EXCEL and median values and standard deviations (over a 2-minute window / 5 points) were found for the intake temperature, salinity and fluorescence. These files were saved as 2007-16-000*.xls. For file #1, the first 5 records were removed since the flow rate was unstable.
The flow rate is quite steady through the record, between 1.1 and 1.4, except for one section during file #3 with flow rate >2 which is associated with suspicious salinity, and 1 spike in file #6. 
c.)  Checking Time Channel
The CTD data, after editing and metre-averaging, were thinned to reduce the files to a single point at or within .3db of 4db and exported to a spreadsheet. 
The TSG files were opened in EXCEL, median and standard deviations were calculated for temperature, salinity and fluorescence and saved as xls files. Those files were then reduced to the times when CTDs were run and combined in a spreadsheet (2007-16-ctd-tsg-comp.xls). The positions were compared and were very close, with average differences for latitude and longitude of <0.00011º and no difference greater than 0.0005º so the clock appears to have worked well. 
This spreadsheet will also be used in step (d) to compare temperature, salinity and fluorescence. 
d.) Comparison of T, S and Fl from TSG and CTD data
· T1 vs T2  The intake temperature does not look reliable. Normally we find differences between intake temperature and lab temperature to be ~0.2C˚, but for this cruise they range from -1.6C˚  to +6C˚  with an average of +2.1C˚. A plot of CTD temperature vs TSG Intake temperatures shows little variability in the latter compared to the former and the TSG Intake temperature is generally much higher than the CTD temperature. In contrast, the lab temperature tracks the CTD temperature quite well, so it is clearly the intake temperature that is bad.
· TSG vs CTD The spreadsheets comparing CTD and TSG files were then examined to find the differences between the salinity, fluorescence and temperature channels for the CTD and the TSG. 65 CTD casts could be used. Graphs were prepared comparing the TSG temperature, salinity and fluorescence with those of the CTD. 
Comparisons were done between the lab temperature and the CTD to see if a reasonable estimate could be made for ship heating. This effect is dependent on the temperature at the intake, but we don’t know if this can be applied from one cruise to another since the ship temperature may also vary. If we assume the results of 2007-62 apply we would expect a range of +0.2 to +0.35C˚ early in the cruise and very slight effects for casts 27-47. For the rest of the cruise an effect of ~0.13C˚. A fit of the CTD temperature to the lab temperature suggests +0.21 to 0.28C˚ early in the cruise, about 0.12 to 0.15 from casts 27-47 and about 0.17 in the latter half. The fit from the CTD TEMP vs TSG LAB TEMP when 2 outliers were excluded was:

  

TSG LAB_TEMP- CTD_TEMP = -0.0204 * CTD_TEMP + 0.4587

That implies no heating at a CTD temperature of 22.5C˚ which might imply that is the ambient temperature of the ship. The results of 2007-62 showed no heating at 17C˚. This could well be a reflection of higher air temperatures during 2007-16 than 2007-62. Excluding more points based on standard deviation in the TSG data did not have much effect on the fit. 
The initial plots show tremendous variability in the TSG salinity. Plots of differences in salinity between CTD and TSG also display great variability. When plotted against cast # the differences are high and highly variable for some of the early casts. From casts #14 to 43, the TSG salinity is low by 0.01 to 0.02. After that there is a lot of variability with a cluster of differences around 0.03 to 0.04, but many much larger. When plotted against standard deviation in the TSG salinity no useful pattern emerges with some of the largest differences occurring when the standard deviation is low. 
The ratio of the TSG and CTD fluorescence varies from 1.1 to 3, with an average of 1.77. This shows no dependence on the noise level in the TSG data and the fit of TSG vs CTD fluorescence is noisy but not unreasonable. The mixed layer was not very deep, so we do not expect a great fit
· Loop Bottle Comparisons There were 13 loop salinity samples, but one was unidentified. The median (2 minute interval) salinity and fluorescence data were taken from the TSG files by matching time (they were all at CTD times.) The comparison was saved as 2007-16-loop-tsg-comp.xls. The CTD data from the same times were also included in the file. 
The comparison of salinity shows large differences for all samples except those at casts 14 and 30 where the differences were 0.007 and 0.027. The average difference shows the TSG to be low by ~0.6C˚. Except for the 2 values at casts #14 and 30, the smallest difference is 0.3C˚. 

The TSG fluorescence was higher than the chlorophyll by an average of 0.739, with differences ranging from -0.39 to 1.53mg/l. The ratio of TSG FL to Loop CHL had an average of 1.66 with a range of 0.9 to 3.0. The comparison of CTD fluorescence to Loop CHL had an average ratio of 1.1 and the CTD was lower than the loop chlorophyll by an average of 0.04.
· Calibration History The TSG was used during 2007-12, -13, -14, -15 and -26 in May, June and August before this cruise and during 2007-62 in September after it, but there was no inlet thermistor data for -15. During 2007-62 the intake thermistor worked well and it was found that the ship heating effect was dependent on the intake temperature with a range of +0.13Cº to +0.36Cº. The lab temperature was dependent on the intake temperature. It is usually high by about 0.2Cº at this time of year. The salinity was found to be low by 0.05, 0.7 and 0.05 during the first 3 cruises. For 2007-15 two recalibrations were used due to a shift mid-cruise that was probably caused by bubbles in the system; it was found to be low by about 0.02 early in the cruise and 0.19 later. For 2007-62 it was low by 0.02 if only points with low standard deviation in T and S were used, but higher if more points were included.
Conclusions

The inlet temperature is not usable.

The lab temperature appears to be ok, and can be recalibrated based on the CTD data.
The salinity looks useful only for the time from cast #14 to #40. The salinity is probably high by from 0.01 to 0.02 for that section; a choice of 0.02 looks best based on previous cruises. All other salinity data should be removed. 
The fluorescence is higher than the CTD fluorescence and the loop chlorophyll by about 1.7. No recalibration will be applied since there is so much variation in the ratio.
e.) Editing

CTDEDIT was run to remove all salinity data except for a section of file #3 which appears to be ok. Notes about editing were made in the headers.
Because there is no intake temperature the primary temperature will be recalibrated to give an estimate of intake temperature. So that the lab temperature may also be archived, ADD CHANNEL was used to add a channel named TEMPERATURE:LAB which will be set equal to TEMPERATURE:PRIMARY in the next step.
f.)Calibrate
CALIBRATE was run using 2007-16-tsg-recal1.ccf to set TEMPERATURE:LAB equal to TEMPERATURE:PRIMARY.

File 2007-16-tsg-recal2.ccf was prepared to add 0.02 to the salinity and to correct primary temperature by using the following equation: 
Temperature:Primary(Corrected) = 1.0207*TEMPERATURE:PRIMARY – 0.4683
g.) Preparing Final Files
REMOVE was used to remove the following channels: Scan_Number, Temperature: Secondary, Temperature:Difference, Conductivity:Primary, Flag and UPloy0 (flow rate). 

HEADEDIT was used to add a comment, change the DATA TYPE to THERMOSALINOGRAPH and to add the depth of sampling to the header as well as comments about the data. 

The TSG sensor history was updated. 

As a final check plots were made of the cruise track and data; no problems were noted.

20. Producing final files
A cross-reference listing was produced for CTD and CHE files.
The sensor history was updated.
PARTICULARS
15/17/18. Confusion over file names.

20. Possible confusion over file names, but think it applies to a BONGO cast, not a CTD cast.
22. Bottles fired out of order.

26. Altimeter constantly reads 7m.

29. Hex file saved as 28.

32. PAR removed.

40. No PAR

44. Possible problem with file name.
53/54. New file for upcast. Be careful with bottle comparison. No sample #s – need ros file for university people only.
59. Top vent on Bot 3 open during cast.

76. Bottle #21 did not fire on the computer, so went back down to 10m and triggered bot #22 instead Bottle #23 was at 5m. Bottle #21 tripped but as depth of tripping was unknown it was not sampled.
78. Bottom depth unknown, sounder said 790 but CTD went to 822 and altimeter did not show bottom.
82. Bottles fired out of order.
92. The TSG flow was raised to 1.5l/min for 5 min; the TSG outlet drain and bubbler were adjusted to try to improve salinity data.
95. Similar problem to cast 76, bot #21 did not fire on computer, return to 10m to fire #22. But #22 while closed was empty. So there is no 10m sample.

102. Two casts – one without pumps on.

103. Bottles fired out of order.

125. No sample numbers – U.Vic.
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	CTD#
	Make
	Model
	Serial#
	Used with Rosette?
	CTD Calibration Sheet Competed?

	1
	SEABIRD
	911+
	0443
	Yes
	Yes


	CTD Calibration Information

	Sensor
	Pre-Cruise
	Post Cruise

	Name
	S/N
	Date
	Location
	Date
	Location

	Temperature


	2106
	25Apr07
	Factory

“
	
	

	Conductivity


	2424
	25Apr07
	“
	
	

	Secondary Temp.


	
4752
	6Mar07
	“
	
	

	Secondary Cond.
	1763
	23Dec06
	“
	
	

	Transmissometer
	953DR
	23April07
	IOS
	
	

	Seapoint Fluorometer
	2356
	?
	?
	
	

	SBE 43 DO sensor
	1119
	10/Nov/2006
	Factory
	
	

	Biospherical PAR
	4656
	11Feb2003
	?
	
	

	Pressure Sensor
	63507
	25/Oct/2004
	Factory
	
	

	Altimeter
	1252
	?
	?
	
	


TSG Calibration Information

	Calibration Information

	Sensor
	Pre-Cruise
	Post Cruise

	Name
	S/N
	Date
	Location
	Date
	Location

	Temperature
	2487
	10/04/07
	Factory
	
	

	Conductivity
	2487
	10/04/07
	“
	
	

	Wetlab/Wetstar Fluorometer
	WS3S-713P
	18/01/01
	“
	
	

	Temperature 2
	2416
	23/Dec/06
	
	
	

	Flow Meter
	?
	?
	?
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