REVISION NOTICE TABLE

	DATE
	DESCRIPTION OF REVISION

	31 May 2018
	Added DIC and Alkalinity data to 8 CHE casts.  For details see document Carbon_Data_Addition.docx. G.G.

	31 March 2015
	Correction to header comment about salinity bottles in CHE files. G.G.
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INSTRUMENT SUMMARY
A SeaBird Model SBE 911+ CTD (#0506) was mounted with an SBE43 Dissolved Oxygen sensor (#1119), an SBE pH sensor #0692, a Biospherical PAR sensor (#4601), a SeaPoint fluorometer (#2228) and a WetLabs ECO-FL Fluorometer (#2215). The log indicates that the DO sensor was mounted on the primary pump, the pH sensor was not pumped, the DO sensor was on the primary pump and the SeaPoint fluorometer was on the secondary pump.

The CTD winch was a Swan Model 329 (#1307).

There was an IOS rosette mounted with 24 10L Niskin bottles.
The oxygen kit was IOS Kit #1.
The salinometer used was a model 8400B Autosal, serial # 68572.  .
SUMMARY OF QUALITY AND CONCERNS
The log book and rosette sheets were generally in good order, with helpful notes on when equipment changed, but there was one omission. Cast #39 had chlorophyll sampling which is not recorded in the log and there is no rosette sheet for that cast; samples numbers were not assigned at sea, but have been created. Sampling was likely a last-minute decision to assist with the comparison of ECO and Seapoint fluorometers. 
There was no colon between DEPTH and the entry in the hex files. This needed to be added manually to allow the information to appear in the IOS Headers.

For this cruise 2 casts were sometimes run at one site, so a comment had been added to the station names to distinguish which ones had which equipment. This causes extra work as the comments must be removed from the station name. If required, comments should be entered elsewhere in the headers. 


The pressure sensor calibration appears to have drifted significantly since it was last calibrated. It has only been used on the Ricker between that calibration and this cruise.
During cast #63 an extra bottle was inadvertently fired and no one noticed, so samples from 40db and above are likely not from the depths indicated on the rosette sheet. 
During 4 casts the transmissometer was removed so that 2 fluorometers could be mounted and 2 of those casts included rosette sampling of extracted chlorophyll. During bottle stops the WetLabs ECO sensor gave higher values than the SeaPoint by a factor that varied randomly from 1.1 to 2 when extracted CHL was <5ug/L. The ratio settled to ~1.5 for higher values of CHL. When the 2 sensors were compared for full casts the WetLabs signal was noisier and higher than the SeaPoint near the surface. However, below the level where fluorescence was <0.7ug/L the ECO sensor was higher for 2 casts and lower for 2 others. The only obvious difference between those two types of casts was that the PAR and extracted chlorophyll values were higher for the cases where the SeaPoint read higher. Both sensors read lower than the extracted chlorophyll for all samples.
The pH data will not be archived due to quality concerns, but will be provided to the Chief Scientist.
The salinity comparison was noisy with many bottles coming from areas where temporal and vertical variations were relatively high. Recalibration was based on comparisons from this cruise and 2012-03. 
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. Equipment changes included occasionally replacing the transmissometer with a second fluorometer and changing the SeaPoint fluorometer cable. Four configuration files will be required which will be based on the files used for casts 1, 2, 51 and 67 and saved as:

· 2012-04-ctd-dual-10X.xmlcon (casts 1, 39, 40)
· 2012-04-ctd-10X.xmlcon (casts 2-38, 41-50)
· 2012-04-ctd-3X.xmlcon (casts 51-66 and 68-80)

· 20120-04-dual3X.xmlcon and PAR (cast 67) 
Bottle data were provided in 4 spreadsheets with salinity, dissolved oxygen, extracted chlorophyll and nutrients. The dates of the most recent updates were added to the file names. In this report an asterisk at the end of the file name refers to the date of the spreadsheet version.
The cruise summary sheet was completed.
The histories of the dissolved oxygen, conductivity and pressure sensors were obtained.
3. Initial Rosette File Conversion and DO Calibration Study 

In order to study the SBE Dissolved Oxygen sensor calibration, rosette files were converted that included Oxygen Saturation (ml/l) and bottle position. The ROS files were converted to IOS HEADER format. Those files were put through CLEAN to add event numbers (*.BOT). The BOT files were then averaged to enable an ADDSAMP file to be prepared. Sample numbers were added to the ADDSAMP file based on rosette log records. 

There were a few adjustments needed:

· For event #8 there was a bottle fired that had no sample number assigned. 
· For event #39 3 bottles were fired but no sample #s assigned. 
· For cast #63 14 bottles were fired but only 13 appear on the rosette sheet. It looks as though an extra bottle was accidentally fired at 40db. Care will be needed to see which bottles were sampled since there is no indication that the science crew were aware of the problem. To start it was assumed both bottles at 40db were sampled and that the surface bottle was not sampled, but this can reassessed later.
Adjustments were made to the ADDSAMP file. 
The ADDSAMP file was then used to add sample numbers to the BOT files and those files were bin-averaged on bottle numbers to produce SAMAVG files. Those files were then exported to spreadsheet 2012-04-DO-cal.csv. The titrated DO values were added to that file and lines removed for which there was no DO sampling. A calculation was made of Ф using the equation:

 Ф = Oxsol (T,S) * (1.0 + A*T + B*T2 + C*T3) * e (E*P/K)
where A, B, C and E are taken from the calibration sheet for the sensor and P,T and K are from the CTD channels – K is temperature in Kelvin degrees. The value of E is nominal but will not be tested since there was no deep sampling, so no expectation of hysteresis. The ratio Titrated DO/ Ф was calculated and plotted against the SBE DO Voltage. This fit provides the M and B for the following equation:

Titrated DO/ Ф = M*(SBE DO Voltage) + B 

From M and B the parameters Soc and Voffset that are to be entered in the DO configuration are:

Soc = M

Voffset = B/M

The fit using all data gave M = 0.4485 and B = -0.1803 with an R2 value of 0.9878. The initial estimates of M and B were used to calculate a difference between each point and the fit:
  
Difference = Abs(M*Voltage – B – DO/Phi)

When the data were sorted on that difference, plots could be made varying the severity of the outlier removal. As more data were removed, the m and b in the difference calculation was updated based on the previous fit. When removing a little more data has little effect on the fit, it is judged that a reasonable value has been found unless, in so doing, a whole class of points has been removed such as all high values or all values from late in the cruise. Here is a summary of the fits tested:
	Summary of Soc Voffset including the original values in the factory calibration

	 Bottles used
	 
	m
	b
	Soc
	Voffset
	R2

	
	Original
	0.4278
	-0.2186
	0.4278
	-0.5109
	 

	240
	all data
	0.4214
	-0.1663
	0.4214
	-0.3946
	0.9878

	230
	all except 3 or 4 flags
	0.4189
	-0.161
	0.4189
	-0.3843
	0.9865

	220
	excl. outliers diff>0.05, 3&4 flags
	0.4339
	-0.1928
	0.4339
	-0.4443
	0.9971

	209
	excl. outliers diff>0.02, 3&4 flags
	0.4413
	-0.2084
	0.4413
	-0.4722
	0.999

	186
	excl. outliers diff>0.01, 3&4 flags
	0.4436
	-0.213
	0.4436
	-0.4802
	0.9996

	169
	excl. outliers diff>0.007, 3&4 flags
	0.4442
	-0.2142
	0.4442
	-0.4822
	0.9998

	156
	excl. outliers diff>0.005, 3&4 flags
	0.4448
	-0.2153
	0.4448
	-0.484
	0.9998

	146
	excl. outliers diff>0.004, 3&4 flags
	0.4462
	-0.2179
	0.4462
	-0.4883
	0.9998


Most outliers were on the low side of the trendline, so m usually increased as more points were removed. The cut-off of 0.007 was chosen because taking away any more data made little difference in the fit, but left some gaps in the DO range.  
At this point the issue of sampling during cast #63 was considered. There is no mention on the rosette sheet or in the log that sampling was not straight-forward, but when I convert the CTD data I find there were 2 bottles fired around 40db, not 1. There are 14 bottles fired in total but only 13 sample #s. So which bottle was not sampled?

Tests were run on the DO data using 3 different sampling schemes:


2 samples from 40db and none from the surface


1 sample from 40db, skipping Niskin #9 and so there is a surface sample


no deep sample, so there is a surface sample

The fits of Titrated DO/ Ф against the SBE DO Voltage get increasingly worse as we move through those schemes, so it is likely that samples #222 and 223 came from around 40db and there is no surface sample. The two samples that are likely from 40db differ by 0.23mg/m^3, but the standard deviation in the CTD DO is high, so this is likely a level with high DO variability. 

Samples #223 to 227 likely came from 40, 30, 20, 10 and 5db. The other sample #s are likely correct on the rosette sheet. That is assuming that other variables were sampled in the same way as DO.
The differences from the fit versus event # were examined and there is more scatter later in the cruise, but the highest DO values also occurred later so larger errors are expected then.
Next, outliers were investigated. There were no extreme outliers and the values flagged by the analyst do not stand out as particularly bad. These will be examined later in COMPARE, but for now there is no obvious reason to change any of the flags. 
See 2012-04-DO-cal.xls for full data.
The 4 configuration files were updated with the new parameters Soc and Voffset and saved with names like 2012-04-ctd-3X-new.xmlcon. 
4. Hysteresis Study
There was no deep sampling on this cruise, so hysteresis tests are impossible and unnecessary.
5. BOTTLE FILE PREPARATION 

The ROS files were recreated with the new configuration parameters. 

The ROS files were converted to IOS header format.
At this point it was discovered that the hex files did not have a colon after the word DEPTH so the information does not appear in the IOS Header files. The hex files were edited and conversion repeated.
The files were put through CLEAN to create BOT files.

A track plot and header check turned up no problems.

Temperature and salinity were plotted for all BOT files. There were a few outliers in the primary salinity for casts #24 and 61; these were cleaned using CTDEDIT and the edited files were copied to *.BOT. 
The addsamp.csv file prepared in the DO calibration step was ordered on sample #s and converted to CST files to be used as a framework for the bottle files. It was also used to create SAM files with bottle #s and bottle positions. The SAM files were then bin-averaged. (It was later discovered that cast #39 was not in the ADDSAMP file because there was no rosette sheet for it and it was listed as a CTD cast in the log book with no sample numbers assigned. There is extracted CHL data and this clearly was a rosette cast; sample numbers were created for those samples and they are in the final CHE files.)
Next, each of the analysis spreadsheets was examined to see what comments the analyst wanted included in the header file. These were used to create file 2012-04-bot-hdr.txt; it may need further editing to reflect problems found during processing. Dates of creation were added to the names of spreadsheets from analysts. In references to these files the * stands for the date.
Extracted Chlorophyll
The extracted chlorophyll data were obtained in spreadsheet QF2012-04_CHL*.xls which included a report on precision.  The file was simplified header names were changed to standard format and the file was saved as 2012-04-chl.csv. The file was converted to individual CHL files.

NUTRIENTS

The nutrient data were obtained in spreadsheet QF2012-04nuts*.xls which included a report on precisions.  The file was simplified, reordered on sample numbers, header names were changed to standard format and the file was saved as 2012-04-nuts.csv. The file was converted to individual NUT files.

DISSOLVED OXGYEN

Dissolved oxygen data were provided in spreadsheet 2012-04oxy*.xls which includes flags, comments and a precision study. The spreadsheet page with the final data was simplified; the file was then saved as 2012-04oxy.csv. That file was converted into individual *.OXY files.  

SALINITY

Salinity analysis was done at IOS and saved in file QF2012-04sal*.xls. No comments or flags were entered and there is no note of problems on the Autosal analysis log sheets. The file was simplified and converted to individual SAL files. There were no duplicates.

The SAL, CHL, OXY and NUT files were merged with CST files in 4 steps using the Sample_Number as merge channel. After the 4th step the files were put through CLEAN to reduce the headers to File and Comment sections only, and SORT to ensure records were in ascending order of Bottle_Number. Then the files were merged with the SAMAVG files with the Bottle_Number as merge channel.
Cast #63 was examined carefully to see if the assignment of sample #s as described in section 3 was done correctly. The nutrient data clearly fit the assumption that both bottles at 39db were sampled. The dissolved oxygen data also appear to support the assumption though not as clearly. The bottles near the surface look as though they are correctly assigned, but again the evidence is not completely clear.

(A mislabelled salinity sample was later found for cast #14 and the merging process was rerun and a new version of the CHE file created on June 6, 2012)
6. Compare  

Salinity  

Compare was run with pressure as reference channel. One extreme outlier was found to be due to a mislabelling of a salinity sample. So that error was fixed and the merge steps and COMPARE were run again. There were no large outliers, but there was a lot of scatter. Outliers with differences >0.03 were removed and other outliers were gradually removed based on standard deviation in the CTD salinity. Flat fits were achieved that showed the primary salinity to be low by an average of 0.0077 and the secondary low by an average of 0.0062. The standard deviations were ~0.002 and ~0.0015 for the primary and secondary salinity, respectively. The upcast temperature data are extremely noisy and variability is high in general.  
There is some cause to doubt the results of the salinity comparison. The salinity appears to continue equilibrating longer than usual, but this could be due to variability rather than shed wakes. The vertical separation between CTD and bottles may also be more significant than usual. Another concern is the noisy temperature. What affect that might be having is not known, but the noise does usually settle down during the stops.
There were 3 significant outliers: 
Cast #2 – Sample #2 – CTD standard deviation is high at firing time; local gradient could explain difference just by distance from CTD to Niskin bottle.

Cast #63 – Sample #216 – CTD standard deviation moderate at firing time but variability is high during the stop.
No flags were added because there is no indication of a problem with the bottles.

For details see 2012-04-sal-comp1.xls.

(As noted in section 5, it was later discovered that sample #56 from cast #14 had been missed due to mislabelling; the two CTD channels were higher than sample #56 by 0.0022 and 0.0044. This was from ~100db and in a fairly high salinity gradient. This sample would have been rejected as an outlier if it had been included in the comparison, but again there is no evidence that the problem was in sampling or analysis, so no flag will be added. June 6, 2012)

Dissolved Oxygen

COMPARE was run with pressure as the reference channel.

The comparison is messy but when outliers are excluded the average differences are small. Most of the outliers are near the surface and in the central and northern parts of the Strait of Georgia where DO values were high. The sensor would have trouble dealing with the high surface gradients and variability. Deeper outliers were examined: 
· Cast #11, Sample #42. There was a high standard deviation in the CTD data; the local temperature trace had several reversals in both downcast and upcast, so the DO sensor would be challenged to keep up with changes.
· Cast #54. Samples #178-181 come from a depth with very complex structure in temperature and DO, which would challenge the DO sensor. 
· Cast #58: Sample #187 is in a very sharp gradient in T, S and DO so the distance between sensor and CTD may be significant.
Since the outliers are most likely due to sensor problems, no quality flags were added to these samples.
Next flagged bottles were examined to see if they stand out. There were 3 samples flagged “2”; of those, 2 were near the surface and the results don’t stand out as odd, but it is hard to say from surface samples. The flags were left in place and a note added to the comment. The sample from 249db of cast #51 is a mild outlier, so the flag was downgraded to “3” and a note was added to the comment.
Two pairs of duplicates had been flagged; both seemed ok in COMPARE.

In one case one of the samples had a small bubble, but the 2 agree well with each other and in COMPARE, so the flag was changed from “36” to “26” and explanatory comments added.
In the other case they stood out in the Chauvenet criterion but both look ok in COMPARE, so no change is warranted.

The following samples did seem out of line in COMPARE, but they have all been flagged 3 or 4 so no change is needed. Comments were be added on the COMPARE results.
· Sample #105 – cast 27 – bit out of line
· Sample #112 – cast 32– bit out of line
· Sample #153 – cast 51– bit out of line
· Sample #198 – cast 58– out of line
· Sample #275 – cast 75– out of line
Sample #43 – cast #11 was flagged “3” due to a small bubble under the stopper, but it looked ok in COMPARE so a change to flag “2” was made.
For more details see files 2012-04-dox-comp1.xls and oxy-flag-study.csv.
Plots of Titrated DO and CTD DO against CTD salinity were examined and no further problems were detected. 
Extracted Chlorophyll – CTD Fluorometers

COMPARE was run on all casts with extracted chlorophyll samples except #39, to compare SeaPoint fluorometry with the chlorophyll. The results show that the fluorescence was close to CHL at low values of CHL but becomes much lower as CHL increases, being roughly 20 to 40% of the CHL when CHL is from 5 to 10ug/L and even lower than that for very high CHL. 

A check was made of a SoG/JdF cruise from the same time of year in 2010 and similar results are seen for those data.


Next, a study was made of the casts with the ECO fluorometer mounted with the SeaPoint. There were no CHL samples from casts #1 and 40. The comparison at 39 is satisfactory for that site, but for the Saanich Inlet site the ECO was removed for cast #2 which is where the CHL samples came from. So for a rough comparison, fake BL and CHL files were created at the depths from which samples came for cast #2. No bottle file for cast #1 should be processed beyond this stage as it is definitely not suitable for archiving. 
The following table summarizes the comparison between the 2 fluorometers and extracted CHL. 
	Event
	Press
	ECO FL
	SeaPt FL
	CHL
	ECO/CHL
	SeaPt/CHL
	ECO/SeaPt

	1
	19.8
	0.786
	0.442
	1.030
	0.764
	0.429
	1.78

	1
	9.8
	1.787
	0.995
	2.260
	0.791
	0.440
	1.80

	1
	0.5
	15.650
	11.238
	17.540
	0.892
	0.641
	1.40

	39
	20.0
	0.827
	0.731
	1.150
	0.719
	0.635
	1.13

	39
	10.1
	0.735
	0.623
	1.410
	0.522
	0.442
	1.18

	39
	0.6
	9.725
	6.379
	43.600
	0.223
	0.146
	1.53

	67
	19.7
	3.417
	1.690
	6.340
	0.539
	0.267
	2.02

	67
	10.2
	5.159
	2.868
	8.710
	0.592
	0.329
	1.80

	67
	0.4
	11.144
	7.147
	33.870
	0.329
	0.211
	1.56


The ECO is closer to the extracted CHL, but both fluorometers are consistently too low. The ratio of the ECO to the SeaPoint varies from 1.1 to 2.0 during the bottle stops. That ratio shows no depth dependence though there is more scatter as pressure increases. There is more variation for CHL<5ug/L and then it settles to ~1.5 for higher CHL. The fit of ECO versus SeaPoint is roughly linear.
7. Conversion of Raw Data

All data were converted using the files listed in section 2.
Plots were made for a few casts.

· The temperature and conductivity traces track well on downcasts, but are noisy on upcasts.
· The surface pressure includes negative values during the upcasts for casts #1, 14 and 20; the pumps were off so we expect some delay in registering when the CTD is out of the water, but at pressures as low as -1.2db the conductivity still looks high. The transmissivity, conductivity and fluorescence are very noisy at about -1.2db. The pressure will be checked in detail later.

· The pH and DO channels have the usual vertical offsets. 
· The altimetry looks useful but there are a few near-bottom spikes. 

· The SeaPoint fluorescence came close to 15ug/L just before the cable was changed, but there is no evidence in the plots that it went off-scale for more than a few records. The ECO fluorometer reads higher than the SeaPoint throughout casts #1 and #67, but is lower for casts #39 and #40 when fluorescence is <0.7ug/L. 
· The descent rate looks high and steady except in Juan de Fuca Strait where it is very noisy.
8. WILDEDIT

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

Various advancements were tested to make DO and temperature traces have the same offset between downcast and upcast data. The upcast temperature is very noisy, so an attempt was made to match distinctive features in the downcast, but there weren’t many. The best results were with an advance of +4.5s. In previous uses of this sensor the advance was only 2s but that was considered unusually low. There were some concerns about the temperature data from the earlier cruises. While the upcast temperatures are a little noisy for this cruise, they are not so bad that the alignment tests are particularly hard to assess. The results with +2s look terrible even allowing for noisy upcast temperature. The membrane was replaced in March 2011, so settings from before then are not useful. .

ALIGNCTD was used to advance the DO signal relative to temperature by 4.5s.
10. CELLTM

Tests were run on 6 casts using a variety of settings and the best choice varied from feature to feature and there is just too much noise to make a judgment. The upcast data are very noisy and the temperature ranges fairly small, so the corrections are lost in the noise. The settings used for 2011-58 and 2011-45 was selected. 
CELLTM was run using (0.02, 7) for the primary and the secondary conductivity for all casts. 
11. DERIVE

Program DERIVE was run twice: 


on all casts to calculate primary and secondary salinity and dissolved oxygen concentration; the tau correction was applied. 

on 3 casts to calculate the differences between primary and secondary channels for temperature, conductivity and salinity. These were placed in a test directory and will not be archived.
12. Test Plots and Channel Check

The same sensors were used for 2011-58, 2011-45 and 2012-03, so data from a few casts from those cruises are included to check for changes.
	Cast #
	Press
	T1-T0
	C1-C0
	S1-S0
	Descent Rate

	2011-58-0007
	470
	+0.0001
	+0.00028
	+0.0030
	Mod, noisy

	2011-58-0013
	470
	+0.0002
	+0.00028
	+0.0027
	High, noisy

	2011-45-0067
	220
	+0.0005
	+0.00050
	+0.0050
	Mod, steady

	2011-45-0184
	240
	+0.0008
	+0.00045
	+0.0045
	Mod, steady

	2012-03-0040
	450
	+0.0007
	+0.00026
	+0.0023
	High, XNoisy

	2012-04-0044
	290
	+0.0007
	-0.0002
	+0.0016
	High, FSteady

	2012-04-0051
	290
	+0.0007
	-0.0002VN
	+0.0016
	High, steady

	2012-04-0051
	360
	+0.0007
	-0.0002
	+0.0016
	High, steady


The differences are small, though there is a slight drift in the temperature differences. Given there is also some pressure dependence and this cruise and 2012-45 had little deep sampling, there is not much to be learned from this study, but the differences between the two salinity channels are consistent with the findings of COMPARE described in section 6.
13. 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 and to replace pad values in the Pressure channel using linear interpolation based on scan number.

14. Checking Headers

The header check was run. The SeaPoint fluorescence maximum before the cable was changed was ~14.9ug/L. Plots of the casts with high fluorescence does not suggest it actually went off-scale, but it was certainly close to doing so. After the change of cable there were a few casts with values >15, but not near the maximum of ~50ug/L. There are negative values for the ECO fluorometer at cast #1 but those occurred at the surface at the end of the file in a section full of spikes and negative pressures. 
The cross-reference listing was checked against log records and the only errors found were in station names. A few were wrong and were corrected and for the casts with 2 fluorometers mounted there were comments after the station name so those were removed. These changes were made in the CLN and SAMAVG files.
After those corrections track plots were produced and look reasonable; they were added to the end of this report.
The surface report indicates that the average surface pressure was 1.1db which is lower then usual for Vector cruises and in particular for this program when the values are typically 2db to 3db. Having values that low would imply that the rosette came out of the water regularly between the initial soak and the full cast, which is unlikely As mentioned in section 7 there are pressures as low as 1.2db in the upcasts that appear to have “in-water” values for conductivity. Another way to check pressure is to examine the depth of the last bottle which is generally taken as close to the surface as possible, especially in quiet waters. This is judged visually, with the rosette held just below the surface, by just a little if conditions are calm or by more in rougher conditions to ensure the rosette does not come out of the water. If the rosette is just below the surface, we would expect values of about 2 to 2.5db since the top of the rosette is 1.5m above the CTD. For this cruise the top bottle has an average pressure of 0.7db using all casts. Looking at the central Strait of Georgia where conditions were likely ideal for getting close to the surface, the average was 0.55db whereas for the same area during other SoG/JdF Vector cruises, typical values were 1.9db to 2.8db with most at the higher end of that range, but this cruise did experience good conditions so could be on the low end. This suggests that pressure is low by >1db. An offset estimate of 1.2db looks reasonable based on the bottles and the upcast data. (See file “2012-04-surface-bottle-pressure-study.csv” for details of upcast CTD rosette data before recalibration.)
The altimeter and water depth headers were exported to a spreadsheet. Plots of some casts were examined to check that the algorithm worked well with a special focus on casts with noisy descent rates where spikes are most likely; no problems were found. The water depths were checked against the log entry. Where there was no log entry or where the log and header entries differed by more than 3m, checks were made by finding the bottle depth plus altimeter reading. In 6 cases the file headers were changed to match the log; none of the changes affect rosette stations.
15. SHIFT

Fluorescence

A SeaPoint fluorometer was used for all casts and a WetLabs ECO-FL Fluorometer was mounted for casts 1, 39, 40 and 67. Tests were run on both fluorometers to see if alignment was necessary.

For the SeaPoint fluorometers, the usual shift of +24 records (2s) looks like it over-corrects for some features and under-corrects for others, but produces good results overall.
For the ECO fluorometer there are only 4 casts to study and 2 of those had stops for bottles. Cast #1 is the only one with a clear offset between temperature and fluorescence traces. A setting of +12 records (0.5s) produces good alignment with the temperature and brings the peaks in the two fluorometer traces closer. This is lower than was found appropriate for most times this sensor has been used, but the results agree with the 2012-03 finding and that was the most recent use before this cruise. It is assumed that recent changes to range and/or sampling rates may account for this.
Conductivity

Tests were run on both conductivity channels using 3 casts with marginally stable features. For the primary conductivity the best setting was -0.5 records and for the secondary the best was -0.7. The same settings were found best for 2012-03 when these sensors were last used.
All casts were put through SHIFT using -0.5 records for the primary and -0.7s for the secondary conductivity.

pH
When this sensor has been used in the past a shift of +90 records looked appropriate, but that is too high for these data. Tests on a few casts show that a setting of +76 records is best overall.

SHIFT was applied with a +76 records setting.

Dissolved Oxygen

The SBE DO data have already been aligned, but a few casts were examined to see if further adjustments are required. No further shift was required for this channel.

16. Pressure Recalibration

Some good data may be removed by the next step due to negative pressures, so CALIBRATE will be run first to increase pressure. File 2012-04-recal1.ccf was prepared to add1.2db to the pressure channel. 

17. 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: There were no warnings. 
18. DETAILED EDITING

All DEL files were copied to *.EDT.

CTDEDIT was used to clean the secondary temperature and salinity data for all downcasts
Most editing was light with removal of some surface records and records corrupted by shed wakes, mostly near the bottom. Large spikes in salinity were smoothed where there were no spikes in temperature, and salinity was cleaned where small spikes appear to be caused by a mismatch of conductivity and temperature channels. 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.

19. Further Comparison of the Two Fluorometers 
For the 4 casts with both fluorometers mounted, plots show no simple relationship between the two.

In Saanich Inlet and for station 9 the Wetlabs fluorescence is higher than the SeaPoint at all levels.

At Stations 44 and 45 the Wetlabs fluorescence is higher near the surface, but below 10m, where fluorescence is <0.7ug/L, the two channels are close with the SeaPoint fluorescence higher most of the time. PAR and extracted CHL values were higher for Station 44 than for Station SI. Time of day is not significantly different. These comparisons were made before and after the data were filtered and the same result was found. This may indicate that the two sensors are affected differently by biota reacting to different light conditions.
The WetLabs fluorescence is noisier overall, but there is no way to determine if that is due to real variations or noise. 
20. Other Comparisons

Previous experience with these sensors –
· Both conductivity sensors have been used on 3 other cruises since their last factory service, but they were all Ricker cruises with limited salinity bottle sampling, most bottles being from 10db and an occasional bottle at depth. The best of the 3 comparisons was from 2012-03 when the primary salinity was estimated to be low by 0.004 and the secondary by 0.002.
· The pressure sensor has been used 3 other times since factory recalibration. In August it was estimated that it might be low by 0.2db while for an October cruise it seemed reasonably accurate. However, in 2012-03 the surface report suggested pressures might be too low but there was insufficient evidence to estimate by how much.
· The dissolved oxygen sensor has been used for 3 other cruises since its last factory service. There was no calibration sampling for any of them.  
Historic ranges – There were many excursions from the 3-standard deviation plots of temperature and salinity ranges. In Juan de Fuca Strait the salinity was generally below the historic minimum near the bottom and often low at the surface as well. Temperature was occasionally a little low near the bottom in Juan de Fuca. Salinity was low near the bottom for some casts in the southern Strait of Georgia. For casts #56 to #70 in the middle of the Strait of Georgia the temperature was generally below the historic minimum at mid-depths (50 to 70db). From cast #71 to the end all data fell within the climatology. Cruise 2012-14 in the same area but using different T-S sensors found similar excursions, so these are considered real variations.
21. Salinity Recalibration
While there are some doubts about the salinity comparison, there has been some weak evidence from many near-surface samples and a few deep samples on other cruises that both channels were reading a little low with the secondary being low by from 0.002 to 0.004. For the central Strait of Georgia where we usually expect lower variability, the results show the secondary low by 0.0029, 0.0065 and 0.0066, but one stop was a little short and another showed a lot of variability during the firing time. The evidence suggests that the secondary salinity is likely low by between 0.002 and 0.007. There may be some exaggeration in the COMPARE results due to high variability making the vertical distance between the rosette and the CTD more significant than usual; that would generally lead to the CTD looking lower than the bottles. For two of the quiet casts in central Strait of Georgia the downcast gradients at the levels at which bottles were fired showed salinity differences of 0.001 and 0.002 in 1.5m. 
A preliminary look at 2 deep casts from cruise 2012-19 in the same area and same time of the year suggests that the secondary is low by 0.005 to 0.008. Choosing a correction of +0.005 is a compromise choice.
File 2012-04-recal2.ccf was prepared to add 0.005 to the secondary salinity channel.
22. Fluorescence Processing and special files for Angelica Peña
The COR2 files were clipped to 150db and processed in 2 ways, with a filter and without a filter, followed by bin averaging in both cases. 
The CTD files were clipped to 50m; sigma-T was derived and the data were exported to a single file, 2012-04-SOG.csv.

Those files were set aside for Dr. Peña.
The EDT files were put through a median filter, size 11, applied to the fluorescence channel only. 

23. 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. Though small unstable features remain these may be real, so no further editing was considered necessary. 
Profile plots were made to check all channels and no problems were found. 
24. 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, SBE:Fluorescence and Flag.
A second set of files were prepared for the Chief Scientist that include the pH channel. From this point on both sets are treated in the same way but the 2nd set have “pH” added to the extension in the file names.
A second CTD dissolved oxygen channel was derived with units umol/kg. 
HEADER EDIT was used to fix formats and channel names and to add the following comments:
    Data Processing Notes:

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

    Fluorescence, PAR, Reference PAR and Dissolved Oxygen data are nominal and

     unedited, except that some records were removed in editing temperature and salinity.

    The pH:SBE data were not considered ready for archiving, so that channel was

      removed.

    For details on the processing see processing report: 2012-04-proc.doc.
The special files for the chief scientist were given the following header comment:

    Data Processing Notes:

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

    Fluorescence and Dissolved Oxygen data are nominal and unedited, except

     that some records were removed in editing temperature and salinity.

    For details on the processing see processing report: 2012-04-proc.doc.

   NOTE: This file was prepared for the use of the Chief Scientist. It includes 

      the SBE pH channel which is uncalibrated. It is not considered suitable

      for archiving.

SBE:pH data have been provided for the use of the Chief Scientist. They will not be placed in the OSD_DATA_ARCHIVE due to quality concerns.

25. Dissolved Oxygen Study

As a final check of dissolved oxygen data, % saturation was calculated and plotted. The near-surface values ranged from 80% to 170%. The lowest values were Juan de Fuca Strait and Haro Strait and for the most northerly stations, likely due to vertical mixing. Values were highest in the central part of the Strait of Georgia. Checks of bottle files show that the CTD dissolved oxygen values are a little higher than titrated values near the surface. There is often a subsurface maximum in the downcast CTD Dissolved Oxygen traces and the minimum pressure is variable, so cases with higher saturation may be ones that have sampled the maximum but missed the lower values closer to the surface. There is occasionally evidence of subsurface maxima in the bottle data as well, but not usually. It may be that the CTD maxima are due to the sensor not responding quickly enough in high gradients or there may be connected to the subsurface maxima in fluorescence. In the bottle files the CTD and bottle DO saturations are usually very close, but the CTD sensor has more time to equilibrate in those cases. So, while some part of the high saturation rates may be due to instrumental error, the bottle values do support that surface saturation was very high in some areas, and this is presumed to be due to the spring bloom clearly seen in the extracted chlorophyll values. There is no evidence of overall poor quality in the SBE dissolved oxygen data, though there are some doubts about maximum values in high gradients.
26. Final CHE file steps

At this stage it was discovered that the Transmissivity, pH and PAR:Reference channels had not been converted for the bottle files, so a new set of files were created that contained those data. The files were converted to IOS Header format, had sample numbers added and CLEAN was run to remove SeaBird headers – these files were given extensions SAMCLN3. The MRGCOR2 files were merged with the new files (SAMAVG2), taking all channels from the 1st set and only Transmissivity, pH and PAR:Reference from the 2nd. The merged files were named MRGCOR3.

The MRGCOR3 files were put through SORT to order on increasing pressure. 

REMOVE was on all casts to remove the following channels:

Scan_Number, Temperature:Primary, Salinity:T0:C0, Conductivity:Primary, Conductivity:Secondary, Oxygen:Voltage:SBE, Altimeter, Status:Pump, pH:SBE, Descent_Rate and Flag 

A second SBE DO channel was added with different units and REORDER to get the 2 SBE DO channels together. 

HEADER EDIT was run to fix formats and units, fix a few headers, change the channel name Bottle_Number to Bottle:Firing_Sequence and the name Bottle:Position to Bottle_Number and to add a comment about quality flags and analysis methods and a few notes about the CTD data.

A header check was run on the final files and no problems were found.

For a final check the CHE bottle data were exported to a spreadsheet and compared with the rosette log sheets. The file was saved as 2012-04-bottles-final.csv.
A few problems were found:

· Event #8 contains a line for bottle #2 for which no sample number was assigned and no samples taken, so that line was removed from the CHE file and the spreadsheet.

· Event #39 had CHL samples for which there is no rosette sheet, but the CHE file is correct. There were no sample numbers assigned at sea, but it was agreed with the analyst to use #301, 302 and 303.
· Event #63 has a bottle with no sample number but these data were left in on purpose because there is some uncertainty about which bottle was sampled. A note was added to the CHE comments about this problem.
Standards check was run on all files and no problems were found.
A second set of files that include the SBE:pH data have been provided for the use of the Chief Scientist. They will not be placed in the OSD_DATA_ARCHIVE due to quality concerns.

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

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.
Particulars: (Mostly notes from log book)
1. Dual fluorometer test – no transmissometer
20. Rosette bumped A-frame on launch

39. Dual fluorometer test – no transmissometer
40. Dual fluorometer test – no transmissometer
49. The rosette was brought back on board briefly but trans not cleaned again.

51. Fluorometer cable changed from 10X to 3X due to high values.

63. 14 bottles fired, but only 13 on rosette sheet

67. Dual fluorometer test – no transmissometer
75. Strong tidal flow
Institute of Ocean Sciences
CRUISE SUMMARY
CTD

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

	1
	SEABIRD
	911+
	0506
	No
	Yes


	Calibration Information CTD #506

	Sensor
	Pre-Cruise
	Post Cruise

	Name
	S/N
	Date
	Location
	Date
	Location

	Temperature
	2038
	13Apr11
	Factory
	
	

	Conductivity
	3394
	29Mar11
	Factory
	
	

	Secondary Temp.
	
4883
	31Mar11
	Factory
	
	

	Secondary Cond.
	1763
	   29Mar11
	Factory
	
	

	pH
	0692
	21Apr11
	IOS
	
	

	SBE 43 DO sensor
	1119
	29Mar2011
	Factory
	
	

	WetLabs Eco Fluorometer
	2215
	Aug2011
	IOS
	
	

	SeaPoint Fluorometer
	2228
	n/a
	n/a
	
	

	Bio-Sphere PAR
	4601
	16Mar2011
	n/a
	
	

	PAR:Reference
	16504
	16Mar2011
	n/a
	
	

	Pressure Sensor
	69698
	15Apr2011
	Factory
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