REVISION NOTICE TABLE
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	DESCRIPTION OF REVISION

	
	

	Feb. 2019
	Bottle spreadsheet converted to searchable BOT files.


PROCESSING NOTES
Cruise: 2012-50
Agency: PBS, Salmon and Freshwater Ecosystems, Nanaimo, B.C.
Project: High Seas Salmon
Chief Scientist: Thiess M.

Platform: F/V Viking Storm (Leg 1)   
   W.E. Ricker (Leg 2)

Date: 16 June 2012 – 15 July 2012
Processed by: Germaine Gatien

Date of Processing: 10 December 2012 – 20 December 2012
Number of original CTD casts: 137 hex files   (137 from SBE25, 26 from SBE911+)
Number of casts processed: 136 (1 cast contained 175 surface records only and was not processed)
INSTRUMENT SUMMARY
Two CTDs were used for this cruise: 
A SeaBird Model SBE25 (S/N0404) was mounted with an SBE18 pH sensor (S/N 0852).

A Sea Bird Model SBE 911+ CTD (S/N 443) was mounted with an SBE43 oxygen sensor (S/N 0997) and a WET Labs ECO fluorometer (S/N 2216). For events #355-409 a pH sensor (S/N 0852) was also attached.
SUMMARY OF QUALITY AND CONCERNS
The log books were in good order with full equipment lists and clear comments about work done. 
A spreadsheet was provided with information needed for efficient addition of header entries for positions and station names for the SBE25 files which do not have NMEA input.

A WetLabs ECO fluorometer was used on Leg 2 (serial number 2216). The data are considered nominal, but they compared well with the extracted chlorophyll samples taken over a wide range of values. Values were slightly high when CHL<2 and slightly low for CHL>10ug/L. Sampling was limited to one depth, ~11db. The overall comparison is better than we have seen from other sensors of this type.

The salinity samples waited more than 4 months before being analyzed which has been found to lead to poor comparisons with CTD data. It is likely that evaporation occurs in the samples, which makes the CTD look low relative to the bottles. It is recommended that analysis occur as quickly as possible and certainly within 6 weeks of collection unless special steps can be taken to avoid evaporation. For this cruise, no estimate can be made of CTD salinity accuracy for either the SBE911 or SBE25.
The downcast salinity data are close to the upcast data in areas of low salinity gradients, and the upcast data in higher gradients will certainly be affected by entrainment of deeper water by the CTD package since the CTD data are measured on the fly. The bottle contents were gathered after a stop for equilibration, so downcast CTD data were added to file 2012-50-bottles_plus_CTD_Data.xls as the beset available match. These values should be considered only a rough estimate of conditions at the level of bottle sampling.

A dissolved oxygen sensor was used on Leg 2, but there was no DO sampling. Calibration was based on the results of cruise 2012-01 from February 2012. It is likely that drift has occurred since then, which would likely lead to values that are too low by a few %. During 2012-49 slightly negative DO values were found in anoxic waters, so a small offset was applied. Since the same instrument and same calibration parameters were applied to these data, the same offset was also be applied
A pH sensor was attached to the CTD for all the SBE25 casts (#1-#332) and some SBE911 casts (#355 to #409), but the data are not included in the files to be placed in the IOS Data Library because no field calibration information was available at the time of processing, and there are some concerns about how the sensors perform. The data were provided to the chief scientist. 
The following files contain upcast data so are likely to be of slightly lower quality than that of other files due to the effects of wakes from cable and CTD:

· File 2012-50-0079.CTD had a large section of bad salinity data in the downcast.
· File 2012-50-0337.CTD had data acquisition begin at 337db of the downcast.

. 
File 2012-50-0305 contained only 175 scans from the surface and was not processed.

PROCESSING - GENERAL
The Daily Science Log Books were obtained together with a spreadsheet of positions. 

Salinity, Chlorophyll and Nutrient analysis results were available.

From this point on processing is divided into sections for each CTD type, followed by a GENERAL section that applies to both CTDs.
PROCESSING SUMMARY – Leg 1 - SBE 25

1 Seasave

This step was completed at sea; the raw data files have extension HEX. The files were delivered with names in standard format.

2 Preliminary Steps

Nutrient, salinity and extracted chlorophyll samples were obtained. They come from about 8m depth. 

The cruise summary sheet was completed. 

3 Conversion of Raw Data
The configuration file used at sea was found and all entries were correct. The file was saved as file 2012-50-SBE25.con. 
The data were converted using 2012-50-SBE25.con.

Profiles were plotted for a few casts, and they look ok. The CTD was kept at surface for ~2 minutes, and stopped during the upcast at ~10m so that a Niskin could be tripped. The CTD drops somewhat after the stop so that it settles at about 10.5 to 11db. So the Niskin bottle would have been between ~8.5 and 9m when fired. There are some spikes at the beginning of each cast, but those should disappear after DELETE is run.
The pressure signal is not smooth, having steps of about 0.2db as is usual for this model CTD; the manufacturer states the resolution is 1db. In a few spots with fairly steady descent rates, there are some small reversals in pressure.

The descent rate is often very noisy. 

4 WILDEDIT

WILDEDIT was run on all casts on pressure, temperature and conductivity channels using 2, 20, 25, 0 for “Standard deviations for pass 1” and “Standard deviations for pass 2”, scans per block and “Keep data within this distance of the mean”. 

5 WFILTER

Based on the results of many other cruises using this equipment, the SeaSoft routine WFILTER was run for all casts to apply a cosine filter, size 5, to the pressure, temperature and conductivity. This removes the steps caused by the limitations of the pressure sensor. A few casts were examined before and after and the results look good. There are no obvious reversals and the steps are gone, without the profiles being over-smoothed.

6 CELLTM
The best CELLTM results in the past for this equipment have been with (α = 0.03, 1/β = 9.0) but more recently (0.04/9.0) has looked better. Those 2 choices were tested and the latter looked better. 
CELLTM was run using α = 0.04, 1/β = 9.0.

7 DERIVE

Program DERIVE was run to calculate salinity.
8 Conversion to IOS Headers

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

CLEAN was run to replace pad values in pressure with interpolated values. 
9 Checking Headers

A number of items are missing from the headers – station names, positions and water depth. The nutrient spreadsheet contained the positions and station names, so it was opened in Ultraedit and reduced to the required columns. The formats were fixed (including N ! (deg min)). The resulting file was saved as 2012-50-position3.csv. Problems arose that seemed to be fixed by saving first as TXT and then opening in EXCEL and saved as a CSV file.
The times are in UTC in the log, but PDT in the file headers. Add Time Channel was used to convert the header times to UTC.
A cross-reference listing was checked against the log entries and no errors were found.
The track plot looks reasonable. 

The Surface Check contained low, mostly negative, values, but they were accompanied by extremely low conductivity. These values would have come from before the pumps were turned on. There are about 1000 records in the soak period. To avoid trouble from spikes at the surface, the first 500 records were removed using program CLIP. This removes the noisiest surface data, but is in no danger of removing good data.
Examination of individual files shows that there remain many records with negative pressure, but with conductivity that shows the CTD was in water. An addition of 0.22db looks appropriate to both downcast and upcast surface data. This value is within the resolution of the pressure sensor.
CALIBRATE was run to add 0.22db to all records. 
10 SHIFT
Conductivity

When this sensor was used for 2011-02 and 2011-37 an advance of conductivity by +0.5records looked best. Tests were run on a few casts  and that value was found appropriate for these data.. 

SHIFT was run on all casts advancing the conductivity by +0.5 records. 

ALL casts were put through REVERSE since that date will be needed for comparison with bottles.

11 DELETE

A first run of DELETE did not work on well on 2 of these casts, so those casts were edited by removing the data acquired before the pressure equilibrated. 
The shifted files were put through DELETE using the following parameters: 

Surface Record Removal: Last Press Min

Maximum Surface Pressure (relative): 10.00    


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 

Sample interval taken from the header.  Pressure was not filtered.

There were warnings in the DELETE log concerning two casts:

· Cast #268 has a large section of bad pressure values in the upcast, but this will not affect data to be archived.
· Cast #305 contains very little data. There was no mention of this in the log, but the hex file is very small, so there is no way to recover this data.

No further action is needed.
   The Reversed files were put through DELETE to produce upcast files REVDEL.
12 DETAILED EDITING

CTDEDIT was used to remove some surface records and records corrupted by shed wakes. Salinity was cleaned where spikes appear to be due to a poor match between conductivity and temperature.
Notes about editing were added to the headers.
For cast #79 there was a section of bad salinity so the upcast data were used.
Cast #305 contained only 3 records in the DEL file (and 175 in the raw file), so it will not be processed further.
After editing T-S plots were examined for all casts and a little touch-up editing was applied to 5 files. After that no further editing was found necessary. 

13 Calibration information
Bottle Comparison

The nutrient, chlorophyll and salinity bottle data were combined in spreadsheet 2012-50-bottles_plus_CTD_Data.xls. The next step is to determine which CTD data are most suitable for addition to that file, upcast or downcast and from what depth.
The CTD was consistently stopped between 10.5 and 11db, so the Niskin sample was collected between 8.5 and 9db. 

The DEL and REVDEL files were bin-averaged with 0.5db bins. 

Those files were thinned to 10.5db and those data were extracted from 10.5db from the downcast and upcast. They were added to a version of the above spreadsheet, called 2012-50-ctd-bottle-comparisons.xls with separate worksheets for the two types of CTDs. 

Salinity
The upcast and downcast data were inserted in file 2012-50-ctd-bottle-comparisons.xls on the SBE25 sheet. The bottle salinity data were added. Since there was no fluorometer, the CHL data were not added.

A comparison of CTD salinity to salinity bottles shows that the upcast salinity was higher than the bottles by an average of 0.003 but the median showed it to be low by 0.020.That suggests that some large outliers are greatly affecting the average, so the 6 largest differences (some +ive, some –ive) were excluded; the average then indicated that the upcast data were low by 0.008 and the median value continued to show them low by 0.020. The downcast salinity is lower than bottles by an average of 0.056 and a median value of 0.029 (standard deviation = 0.37). When the same 6 outliers were excluded the salinity was low by an average of 0.031 and the median remained 0.29. So the upcast values are closer to the bottles. 
For the upcast there is some drag by the CTD and cable that brings deeper water up with it, so there is some reason to expect the CTD values to be lower than the bottles. In shallow waters where salinity gradients are generally high, this could lead to large errors, though there is also some possibility that the contents of the Niskin bottle are also somewhat contaminated by deeper water. For the downcast we have errors due to the poor match in time, which is likely to be significant in shallow waters, but non-systematic. There is also doubt about the exact depth of firing, and that may well be systematic since the CTD appears to drop through most stops.
Plots were used to pick out some casts with low salinity gradients in downcasts near 8.5db so that depth and time mismatches are less critical; 14 were found. The upcasts have slightly higher gradients, as expected due to wakes since the measurements were taken on the fly. When the highest and lowest differences are excluded, the median of the 12 remaining cases shows the CTD salinity to be low by 0.02 for both upcast and downcast. 
Salinity was analyzed 4 months after collection so we cannot expect a good comparison. Note that in the SBE911(Section 31) comparison, the CTD salinity from both channel pairs was lower than the bottle sample by 0.012 for the one deep sample available. Shallow samples also suggested that the SBE911 salinity was lower than the bottles by a similar amount. For the SBE25 data the error due to delayed analysis may be even higher since those samples were stored the longest. If we assume a bottle error of 0.012 then the CTD appears to be reading low by ~0.008 for the 12 casts with low gradients. This is a very rough estimate given the erratic nature of evaporation in bottles and the paucity of samples in low-salinity gradient areas. The evidence is certainly not sufficient to justify recalibration. 
The downcast salinity data are close to the upcast data in areas of low salinity gradients, and the upcast data in higher gradients will certainly be affected by entrainment of deeper water by the CTD package since the CTD data are measured on the fly. The bottle contents were gathered after a stop for equilibration, so downcast CTD data were added to file 2012-50-bottles_plus_CTD_Data.xls as the best available match. These values should be considered only a rough estimate of conditions at the level of bottle sampling and temperature and salinity are reported with 3 decimal places instead of the usual 4 to reflect that.
Sensor History  

The temperature, conductivity and pressure sensors were recently recalibrated and no data from any other cruises have been processed. This was likely their first use.
Historic ranges 

Plots were made of temperature and salinity profiles with 3-standard deviation ranges superimposed, but in many cases there was no local climatology available. There were some outliers found but they all occur close to shore, sometimes in inlets, where near-surface salinity values were a little low. There was only one minor excursion in the temperature data. These outliers are not surprising and not indicative of instrument problems, since the sites are likely not well represented in the data base for the climatology. 
14 Recalibration

No further recalibration was applied.

15 BIN AVERAGE
The following Bin Average values were applied to the FIL files:

Bin channel = pressure 

Averaging interval = 1db

Minimum bin value =   .000
Average value will be used

Interpolated values are NOT used for empty bins.

16 REMOVE
The following channels were removed from all casts: Scan_number; Conductivity:Primary, pH:SBE, Descent Rate and Flag. Those files were saved as *.REM.
REMOVE was run a second time without removing pH:SBE and those files were saved as *.REMpH. However, for this set of files the pH:SBE channel was removed from cast #247 because the buffer bottle was left on. A note of explanation was added to the header.

17 HEADER EDIT

Header Edit was used to fix formats and channel names and to add the following comment. 
    Data Processing Notes:

    ----------------------

    THe comparison of SBE25 salinity with bottle samples suggests that the CTD

    was reading low. However, Salinity samples were stored for 4 months before

    they were analyzed. Based on recent cruises using the same types of bottle

    inserts, it appears that significant evaporation occurs after 2 months, and

    that by 4 months, bottle values are likely to read high by an average of >0.01.

    Furthermore, all samples came from about 8db where the salinity gradients were

    high, making the comparison even less suitable for recalibration of salinity.

    This was the first use of this CTD since the temeprature and conductivity

    sensors were last recalibrated, so it is expected that their calibrations would

    not have drifted significantly. No recalibration was applied to CTD salinity.

    The pressure sensor appeared to read high by 0.22db, which is within the

    accuracy quoted for the sensor. Pressure was recalibrated by adding 0.22db to

    avoid negative values.

    A pH sensor was attached to the CTD, but the data are not included in the

    files to be placed in the IOS Data Library because no field calibration

    information was available at the time of processing, and there are some

    concerns about how the sensors perform.

    For details on the processing see the report: 2012-50-proc.doc.
The output files were named *.CTD and *.CTDpH
Standards Check was run and no were found.
   Header Check was run and no problems were found.

A track plot was produced and no problems were found.
The conductivity and pressure sensor history files were updated.

PROCESSING SUMMARY – Leg 2 - SBE911+
18 SEASAVE

This step was completed at sea; the raw data files have extension HEX. The files were delivered with names in standard format.

19 Preliminary Steps

The log indicates no serious problems with the CTD. Acquisition started late for cast #337, so the upcast will likely be used for archiving. There was only 1 deep salinity bottle sample; and many 10m samples of extracted CHL and salinity. 
The cruise summary sheet was completed. 

The histories of the dissolved oxygen, conductivity and pressure sensors were obtained.

The configuration file did not change through the cruise. All entries matched the latest factory calibrations, except that the date of the pH sensor calibration has the wrong year. After that correction the files were saved as 2012-50-sbe911-pH.xmlcon and 2012-50-sbe911-nopH.xmlcon.
The Soc and Voffset values were updated to match those found during cruise 2012-12 when there was good DO sampling. The files were then saved as 2012-50-sbe911-pH-new.xmlcon and 2012-50-sbe911-nopH-new.xmlcon.
During 2012-49 which immediately preceded this cruise and used the same DO sensor, the 2012-01 settings were also used, but based on finding negative DO values in the anoxic layer of Saanich Inlet, a small offset was applied, +0.048mL/L. The same should be done to these data at the CALIBRATE stage.
NOTE: SeaBird have recently advised that the method used to recalibrate the 2012-12 data is not ideal, but we have no DO sampling from this cruise, so the results using the old method are the best available.
20 Conversion of Raw Data

Files for events #334 to 352 data were converted using file 2012-50-SBE911-noph-new.xmlcon.

Files for events #355 to 379 data were converted using file 2012-50-SBE911-ph-new.xmlcon.

Plots were made for a few casts.

The temperature and conductivity channels track well on the downcast but the upcasts show larger differences. As noted for cruise 2012-49 and others which used the same configuration, these differences look as though they are due to alignment or pump problems because when the gradient reverses sign, so do the differences. Such observations are common and it is tempting to blame local wake effects created by the rosette package, but for this cruise, there was no rosette. There are some spikes in both conductivity channels.
The descent rate was kept high and was mostly quiet for these casts, though a few are fairly noisy.
Fluorescence is noisy. The vertical offset between downcast and upcast is slightly larger than that between temperature traces, suggesting fluorescence should be advanced by roughly 0.5s or 12 records.

Dissolved Oxygen data look ok with the usual vertical offset between downcast and upcast.

The pH signal looks normal with some hysteresis.

21 WILDEDIT

Program WILDEDIT was used to remove spikes from the pressure, temperature and conductivity channels.  Parameters used were: Pass 1: Std Dev = 2,  Pass 2: Std Dev = 5, Points per block = 50 

22 ALIGNCTD

Tests done for cruise 2012-49, which had a similar configuration, found a DO advance of +4s was best. 

During 2012-14 an advance of +4s was applied, while for 2012-01 an advance of +3.5s was used. 

A few tests were run that were not conclusive, but +4s looked reasonable.

ALIGNCTD was used to advance the DO signal relative to temperature by 4s. 

23 CELLTM

The results found for cruises 2012-30 and 2012-49 were tested on a few casts and the results were satisfactory, though the noisy upcast temperature makes it difficult to judge what choice is best.
CELLTM was run using (0.03, 9) for the primary and the secondary conductivity for all casts.

24 DERIVE

Program DERIVE was run on all casts to calculate primary and secondary salinity and dissolved oxygen concentration and a second time on 2 casts to calculate differences between channel pairs. 
25 Test Plots and Channel Check

There were no casts deeper than 250m. The same sensors were used for 2011-11 in November, 2012-01 and 2012-14 in February and 2012-49 in June before this cruise. They were also used after this cruise during 2012-51, 2012-54 and 2012-30. One cast for each of those cruises are included in the comparison to see if there are significant differences. The test levels differ and the shallow ones are less reliable because of larger local gradients. The following are very rough estimates of differences between sensor pairs:

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

	2011-11-0053
	380
	+0.0009
	+0.0001
	+0.0003
	

	2012-01-0050
	800
	+0.0005
	-0.0001
	-0.0020
	Mod, noisy

	“
	2500
	+0.0014
	-0.00014
	-0.0034
	

	2012-14-0019
	400
	-0.0001
	+0.00005
	+0.0006
	High, noisy

	2012-49-0057
	575
	+0.0004
	-0.0001
	-0.0004
	High, F steady

	2012-50-0343
	240
	+0.0002
	-0.0004
	-0.0006
	Mod, F steady

	2012-50-0397
	240
	+0.0003
	+0.0004
	+0.0002
	Mod, F steady

	2012-51-0017
	480
	+0.0003XN
	-0.00003 XN
	-0.0005 XN
	High, V Noisy

	2012-54-0017
	175
	+0.0003
	+0.00008
	+0.001
	High, V Noisy

	2012-30-0007
	175
	~0 XN
	-0.0001
	-0.0005
	High, F Noisy

	“
	480
	+0.0002
	-0.00012
	-0.0015
	High,V Noisy

	2012-30-0008
	175
	+0.0001 XN
	-0.0005 XN
	+0.0001 XN
	High, XNoisy

	“
	480
	+0.0002
	-0.00012
	+0.001
	High, XNoisy


The differences are all small with salinity differences <0.001. There is a lot of variability, as expected in shallow water, with sign variability in conductivity and salinity differences. But all the differences are close to 0.  The results do not suggest any significant drift in salinity, but the evidence is weak. 

26 Conversion to IOS Headers

The IOSSHELL routine was used to convert SEA-Bird 911+ CNV files to IOS Headers. 

CLEAN was run to add event numbers based on the file names and to replace pad values in the Pressure channel using linear interpolation based on scan number.

27 Checking Headers

The header check was run. There are some negative values in fluorescence for a few casts. Some are very small and likely to disappear in processing while one is part of a very spiky section. This will be checked again later to see if the problems disappear in editing or averaging. No other problems were noted.
A cross-reference list was produced and checked against log records. No errors were found.

The track plots were produced and look reasonable.

The surface report indicates that the average surface pressure was 3.2db; this is a little lower than found for offshore Ricker work, but these casts were in Queen Charlotte Strait and in relatively calm sea states (judging from the descent rate of the CTD), so this is likely ok. No problems were noted in pressure during other summer Ricker cruises using this CTD.
28 SHIFT

Fluorescence

In recent uses of ECO Fluorometers it has been found necessary to advance the fluorescence relative to pressure by 6 to 12 records. A few casts were examined and, as for 2012-49, 2012-51 and 2012-54, a setting of +12 records looks appropriate to make the offset between upcast and downcast fluorescence traces look similar to that of temperature. 

SHIFT was run on the fluorescence channel to advance by +12 records.

Conductivity

In processing 2012-30 and 2012-49 tests the best results were found when both primary and secondary conductivity were shifted by -0.5 records. Tests run on 5 casts had mixed results for the primary sensors with -0.5 best for most casts and most features, but -0.3 and -0.7 were each best for some parts of casts.
All casts were put through 2 runs of SHIFT with parameter -0.5 records for both the primary and secondary conductivity. 

Dissolved Oxygen

The SBE DO data have already been aligned, but a few casts were examined to see if further adjustments are required. There are areas where the vertical offsets between upcast and downcast are slightly larger than in the temperature traces, but in other cases they are smaller. 

SHIFT will not be run on this channel.

pH

The pH data are the hardest for which to determine the best alignment. Tests were run on a few casts with the aim of finding a setting that makes the vertical offset between distinctive features about the same for temperature and pH. An advance of +48 records looked best overall, but a larger advance suited a few features. The same results were found for 2012-51. (Note: This was a different pH sensor from the one used for Ricker cruise 2012-49.) 
SHIFT was run using +48 records. 

29 REVERSE

All casts were put through REVERSE to be used for comparison with bottle salinity.

Also, the reverse of, file #337 will be used instead of the downcast since acquisition started late.
File 2012-50-0337.delrev was copied to 2012-50-0337.del.
30 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 concerned an upcast section of cast #340, above the level required for comparison with bottle salinity. 

31 COMPARISON WITH BOTTLES

The file described in section 13 with nutrient, chlorophyll and salinity bottle data (2012-50-ctd-bottle-comparisons.xls ) was also used for the SBE911 data with a separate worksheet SBE911. That spreadsheet will be used to determine how well the CTD sensors agree with bottle samples and which CTD data are most suitable for inclusion in file 2012-50-ctd-bottle-comparisons.xls.

Some files were examined to determine the depth at which the CTD was stopped to fire bottles. The stops were between 15 and 16.5db, with most close to 16db. The CTD was 5m below the Niskin bottles so data from about 11db looks like the best choice to be included in the spreadsheet. The local salinity gradients are very high, so the CTD data cannot be considered a good match for the bottles. There is some entrainment by the CTD and cable that brings deeper water up with it. Moreover, we do know exactly the depth of bottle firing and there is often a high local salinity gradient, so we cannot expect a good match with the bottles. For this reason the data will be provided with just 3 decimal places for temperature and salinity.
REVERSE was run followed by DELETE and Bin-Average with 0.5db bins. CTD data from 11 db were exported to a spreadsheet and then inserted in the spreadsheet 2012-50-ctd-bottle-comparisons.xls.
Downcast data were also averaged and thinned. A quick comparison was made to see whether downcast or upcast data would be most suitable to go into the spreadsheet with bottle values. The results of that study can be found in 2012-50-ctd-bottle-comparison.xls and are discussed in detail in the Salinity section below. It looks like the downcast data are more likely close to the bottle contents, so those values will be pasted into file 2012-50-bottles_plus_CTD_Data.xls. 
Salinity

Salinity was analyzed 4 months after collection so we cannot expect a good comparison. There was only one deep sample. The many 10m samples but those are expected to be of limited value since salinity gradients are expected to be high in June/July at that depth. 
The downcast CTD salinity at 11db is lower than the bottle salinity by a median of 0.012 (standard deviation 0.18). This is line with our expectation that bottle salinity stored for 4 months tends to be too high by at least 0.01.

The upcast CTD salinity is higher than the bottles by a median of 0.025 (standard deviation 0.14). If only the 4 cases where the upcast temperature differences are <0.002C° are considered, the CTD upcast data are closer to the bottles, but still higher by 0.015, so out of line with our expectations for these sensors. If we allow for the estimate of error in the bottle values due to storage, then the CTD must be reading even higher than it appears. The upcast data is taken while the CTD is on the move carrying a wake with it. In the presence of high local salinity gradients a small wake can be significant and would lead to CTD salinity being higher than the bottle data.

The one deep salinity sample was found to be higher than the CTD data by 0.012, which is close to the median for the 11db samples if we choose downcast data. 
Four casts were found with low salinity gradient near the sampling level during the downcasts; the upcasts have somewhat higher gradients at the sampling level, showing clear evidence of the CTD and/or cable carrying a wake upwards. The median difference between the primary CTD salinity and bottles for those casts shows the CTD to be low by 0.018 and 0.006 from the downcast and upcast data, respectively. If we assume that the bottles are reading high by 0.012, then the downcast CTD salinity is low by 0.006 and the upcast is high by 0.006. Having the upcast high is easily explained, but should we accept the downcast comparison as evidence that the CTD primary salinity is actually reading low by 0.006? The evidence is too weak for that, and the one deep sample does not suggest that is the case. 

There is no evidence of a problem with the CTD temperature and salinity sensors, but the salinity sample data are just not good enough to conclude that they performed well.
Fluorescence 

The WetLabs ECO fluorescence is closer to the extracted CHL than we usually see, with fluorometer values a little too high at values <2ug/L, but close to 1 above that value, possibly trending low for CHL>10ug/L.

It is not clear whether fluorescence data from the upcast or downcast are preferable for the spreadsheet. The values are remarkably close given the time variation expected. It is likely that the errors caused by the mis-match in time if we choose downcast data are balanced by the errors due to wakes carrying deeper water if we choose upcast data. The fits against extracted chlorophyll are similar, so the downcast will be used in the spreadsheet 2012-50-bottles_plus_CTD_Data.xls to be consistent with temperature and salinity data.
This ECO sensor (#2216) appears to have performed well.
32 DETAILED EDITING

All DEL files were copied to *.EDT. (Note: The REVDEL file for event #337 was earlier copied to DEL.)
The decision about which sensor pair to use was based on the results of 2012-01 since that cruise provided the best evidence. During 2012-01 the primary salinity was closer to bottles and there was evidence of pressure dependence in the secondary sensors. So the primary will be used for this cruise as well. The differences between the two sensor pairs continues to be small, offering hope that there has been little calibration drift.
CTDEDIT was used to clean the primary temperature and salinity data.

All casts required some editing.

On-screen plots of descent rate and pump status were used to guide editing.

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

The edited files were copied to *.EDT files.

33 Other Comparisons

Previous experience with these sensors –

Both temperature and conductivity sensors have been used on many other cruises since their last factory service, but for many of them the CTD data were accidentally averaged over 24 scans limiting the value of the results. They have also been used for some other cruises with no calibration sampling. They were used for cruise 2012-01 in February with good sampling and quick salinity analysis. The primary salinity was found to be low by 0.0004 while the secondary was low by 0.0028. There was evidence of pressure-dependence in the secondary temperature and salinity.

The pressure sensor has been used many times since it was last recalibrated and there is no evidence that the pressure offset needs adjustment. 

The dissolved oxygen sensor was used for 2012-01 and there was good sampling so that calibration tests could be done to produce updated Soc/Offset values. 

Historic ranges – Data were plotted with the 3-standard deviation plots of temperature and salinity ranges for the 12 casts for which there was local climatology available. In Queen Charlotte Sound all data were within the historic ranges, but in Queen Charlotte Strait all salinity below about 120db was lower than the minimum. All temperature data fell within historic ranges. The 3-standard deviation standard is too severe for casts this near to shore and this particular area is not well represented in the data base. A few other cruises reported low deep salinity off the west coast of Vancouver Island and in Juan de Fuca Strait in April and May. There has been no other sampling of Queen Charlotte Strait processed for 2012. Both sensors show the same pattern, so the excursions are unlikely to be due to conductivity sensor calibration error. Since the data between 20 and 100db all look well within the ranges, this does not look like a systematic error. Most likely these data reflect real conditions.
Repeat casts – There were no repeat casts.

34 Initial Recalibration

The pressure values look ok.

The analysis of salinity samples from this cruise is not trusted, and those from 2012-01 show the CTD salinity to be within 0.001 of bottles. No recalibration will be applied to salinity.

There was no dissolved oxygen calibration sampling. During 2012-49 slightly negative DO values were found in anoxic waters, so a small offset was applied. Since the same instrument and same calibration parameters were applied to these data, the same offset will also be applied.
CALIBRATE was run to apply a correction of +0.048mL/L using calibration control file 2012-50-recal.ccf. 

35 Fluorescence Processing 

The recalibrated files were put through a median filter, size 11, applied to the fluorescence channel only. Before and after plots show it worked as expected.

36 BIN AVERAGE of CTD files

The following Bin Average values were applied to the filtered 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 look fine. 

Profile and T-S plots were made to check all channels. No only problems were noted.

37 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,  SBE:pH, Status:Pump, Descent_Rate and Flag. (*.REM)

A second set of files were prepared with the pH data included. (*.REMph)

These two sets of files (with and without pH) were both put through the final steps.

A second CTD dissolved oxygen channel was derived with units umol/kg. 

Dissolved Oxygen saturation was calculated and surface values were plotted. Most of the casts had DO saturation between 95% and 105% but some casts in and near Johnstone Strait had values between 80% and 95%. While the sensor may be reading a little low, tidal mixing is also a likely explanation for the low values. 

REORDER was run to rearrange channel names to get the 2 DO channels together.

HEADER EDIT was used to fix formats and channel names and to add the following comments:

Data Processing Notes:

    The fluorescence data are nominal and unedited except that some records

    were removed in editing temperature and salinity.

    There was no Dissolved Oxygen sampling, so no estimate is made of accuracy.

    Recalibration was based on results of cruise 2012-01. It is likely that

    there has been some drift since then which usually results in values that

    are low by a few %.

    Salinity samples were stored for 4 months before they were analyzed. Based

    on recent cruises using the same types of bottle inserts, it appears that

    significant evaporation occurs after 2 months, and that by 4 months bottle

    values are likely to read high by an average of >0.01. Furthermore, all but

    one sample came from 10db where the salinity gradients were high, making

    the comparison even less suitable for recalibration of salinity.

    The last good calibration of the salinity from these sensors came from

    cruise 2012-01 in Feb. 2012 and showed the primary salinity to be very

    close to bottle values.

    A pH sensor was attached to the CTD for casts #355 to #409, but the data

    are not included in the files to be placed in the IOS Data Library

    because no field calibration information was available at the time of

    processing, and there are some concerns about how the sensors perform.

    For details on the processing see the report: 2012-50-proc.doc.

For the CTDpH files the following note was added:
THIS FILE WAS PREPARED FOR THE USE OF THE CHIEF SCIENTIST. IT CONTAINS SBE pH

DATA WHICH WERE REMOVED FROM THE FILE TO BE PLACED IN THE IOS DATA LIBRARY,

BECAUSE THERE WAS NO FIELD CALIBRATION INFORMATION AVAILABLE AT THE TIME OF

PROCESSING, AND THERE ARE SOME CONCERNS ABOUT HOW THE SENSOR PERFORMS.

38 Producing final files

The Standards Check routine was run and no problems were found. The final files were named CTD and CTDpH. 

A cross-reference listing was produced for CTD files.

HEADER CHECK was run and no problems were found.

A cruise track was plotted and no errors found.

The sensor history was updated for the CTD sensors.
GENERAL

A cross-reference listing was produced for all events.
A header check was produced for all events.

Particulars

Leg 1

Bottle Samples mostly came from ~8db with Niskin about 2m above CTD, CTD at ~10m. There was deep sampling of pH only.

79 – Upcast used for CTD file because downcast salinity bad from 6-14db.

158 – One of the CHL filters was installed incorrectly so sample water ran through and some spilled out of cup.

247 – pH buffer bottle left on during cast.

Leg 2.

Bottle samples came from ~10m with Niskin about 5m above CTD, CTD at ~15m. 

337 – Archiving started at ~84m of the downcast.

355 – pH sensor installed for this cast onwards.

394 – Deep salinity sample ~250m

403 – CTD kept at 255m for ~30s while ship repositioned.

406 – Depth shallowed during cast.

CRUISE SUMMARY

	Cruise ID#:    2012-50

	Dates:   Start: 16 June 2012                   End: 12 July 2012

	Location: WCVI & BC Inlets

	Vessel:  Leg 1 - F/V Viking Storm            Leg 2 – W.E. Ricker

	Party Chief: Thiess M.


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

	1
	SEABIRD
	SBE25
	0404
	No
	Yes

	2
	SEABIRD
	SBE911+
	0443
	No
	Yes


CTD Calibration Information
Make/Model/Serial#: SEABIRD/25 SEACAT / 0404       Cruise ID#:
2012-50
	Calibration Information SBE 25

	Sensor
	Pre-Cruise
	Post Cruise

	Name
	S/N
	Date
	Location
	Date
	Location

	Temperature
	4484

	27 Mar 2012
	Factory
	
	

	Conductivity
	1294
	21 Mar 2012
	Factory
	
	

	Pressure Sensor
	163223
	1 Mar 2012
	Factory
	
	

	SBE18 pH
	0852
	21 Apr 2011
	Factory
	
	


Make/Model/Serial#: SEABIRD/SBE 911+ / 0443       Cruise ID#:
2012-50
	Calibration Information CTD #0443

	Sensor
	Pre-Cruise
	Post Cruise

	Name
	S/N
	Date
	Location
	Date
	Location

	Temperature


	2106
	1Apr2011
	Factory
	
	

	Conductivity


	1764
	29Mar2011
	Factory


	
	

	Secondary Temp.


	
2710
	1Apr2011
	Factory


	
	

	Secondary Cond.
	2128
	  29Mar2011
	Factory


	
	

	SBE 43 DO sensor
	0997
	23Apr11
	Factory
	
	

	SBE18 pH sensor
	852
	21Apr 2011
	Factory
	
	

	Eco-AFL Fluorometer
	2216
	June2012
	IOS?
	
	

	Pressure Sensor
	63507
	12Apr2011
	Factory
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