
REVISION NOTICE TABLE

	DATE
	DESCRIPTION OF REVISION

	23 Nov 2021
	Corrected Salinity:Bottle lost during addition of HPLC. S.H.

	30 Nov 2020
	Added HPLC data. S.H.

	23-Jan-2019
	Recalibrated TOB files to correct error in original salinity recalibration.

Reorganized file 2006-13-loop-sal-comp.xls.

	16-Aug-2017
	Changed suffix of 2006-13-surface0001.HED underway file to PCO2. Suspect suffix was HED because Header Edit was the last program used on this file and listed in the History section.

	24-Jan-2014
	Added underway pCO2 data from Sophia Johannessen’s Excel files prepared for The Carbon Dioxide Information Analysis Center (CDIAC). The file is located in the cruise .DOC directory.


PROCESSING NOTES
Cruise: 2006-13
Agency: OSD
Location: North-East Pacific
Project: Line P
Party Chief: Robert M.

Platform: John P. Tully
Date: July 14, 2006 – July 21, 2006

Processed by: Germaine Gatien

Date of Processing: October 25, 2006 – November 24, 2006
Number of original CTD casts: 2        
Number of CTD casts processed: 2
Number of bottle casts: 2 full rosette casts

Number of bottle casts processed: 2
TSG files: 4 

TSG files processed: 3 (1 had only a few records)
INSTRUMENT SUMMARY
A SeaBird Model SBE 911+ CTD (#0550) was mounted with a Chelsea/Seatech transmissometer (#498DR), a SeaBird DO sensor #0047 (on the primary pump) and a Seapoint Fluorometer (#2228) with a 10X cable (on the secondary pump). The deck unit was a model 911 (#0425) and the logging computer was OSD Field Computer. The salinometer was an Autosal 8400B S/N 68572. A thermosalinograph (SeaBird 21 S/N 2487) was mounted with a fluorometer.
SUMMARY OF QUALITY AND CONCERNS
This cruise included only 2 CTD casts (one in Saanich Inlet and one at Station Papa) both with rosette sampling. The same equipment was used for 2006-15 (except that the transmissometer was different) so many of the processing steps were based on the results of 2006-15. The dissolved oxygen sensor was not attached for the first cast. The CTD and rosette logs were in good order. 
The CTD salinity data are unusually spiky even when the descent rate was high and steady, suggesting problems with the flow rate.
The descent rate of the CTD was generally kept quite high, on average, but was low between 1800 and 2200db during cast #3.

The recalibration was based on just a few bottles from 1 casts. Based on the results of 2006-15 the dissolved oxygen data in the CTD files should be considered

· ±0.6ml/l from 0 – 250db

· ±0.25ml/l from 250 – 400db

· ±0.1ml/l from 400 – 1250db data below 1250db are considered unreliable by the manufacturer. 
The thermosalinograph ran throughout the cruise and there was a lot of loop sampling. Odd variations were noted in both temperature and salinity. When plotted against longitude there were offsets of about 0.4C and 0.1psu with a clear shift between the end of the outward leg and the beginning of the inward leg. There was no such variation in flow rate, loop salinity, TSG fluorescence or loop chlorophyll. There would appear to be some effect on loop temperature possibly related to the ship’s heading or weather conditions. In any case the observation does imply that the temperature is, at best, good to ±0.02 and salinity to ±0.05.
PROCESSING SUMMARY
1. Seasave
This step was completed at sea; the raw data files have extension DAT.

2. Preliminary Steps

The Log Book was obtained. 
Titrated chlorophyll, nutrients, dissolved oxygen and salinity data were obtained with flag channels. An Autosal salinometer was used for all salinity analysis.
The cruise summary sheet was completed.
The histories of the conductivity, DO and pressure sensors were obtained.

The calibration constants were checked and one error was corrected in the thermosalinograph configuration file and a fluorometer serial number was added to the thermosalinograph configuration file. 
3. Conversion of Raw Data

Data were converted using 2006-13-0001.con.
The data look ok except for the dissolved oxygen from cast #1. The log notes that the sensor was not attached, presumably to avoid sampling anoxic waters; this channel will be removed later.

Rosette files were converted using a start time of -2s and duration of 5s. The rosette files were then converted to IOS SHELL files and the extension changed to BOT. All BOT files were plotted and no significant outliers were found.

4. WILDEDIT

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

5. CELLTM

CELLTM was run using (0.02, 7) for the primary and (0.03, 7) for the secondary conductivity based on the results of 2006-15.
6. DERIVE

Program DERIVE was run twice: 

on all casts to calculate primary and secondary salinity.

on all 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.
7. Test Plots and Channel Check

A sample of casts was plotted to check for agreement between the pairs of T and C sensors. The results from two casts of 2006-15 are included for comparison:
	Cast #
	 Press
	T1-T0 
	C1-C0
	S1-S0
	Descent Rate

	2006-15-0010
	1990
	-0.0002
	-0.00055
	-0.0065
	V.High, noisy

	2006-15-0026
	1990
	~0
	-0.00054
	-0.0055
	V.High, noisy

	2006-15-0010
	1000
	-0.0005
	-0.0005
	-0.0055
	V.High, noisy

	2006-15-0026
	1000
	-0.0001
	-0.00048
	-0.0056
	V.High, noisy

	2006-15-0010
	500
	-0.0005
	-0.00048
	-0.0050
	V.High, noisy

	2006-15-0026
	500
	-0.0004
	-0.00041
	-0.0044
	V.High, V.noisy

	2006-13-0001
	200
	-0.0003
	+0.00015
	+0.0018
	High

	2006-13-0003
	200
	-0.00035 noisy
	-0.00015
	-0.0017
	High, very steady

	2006-13-0003
	1000
	~0
	-0.00019
	-0.0025
	High, steady

	2006-13-0003
	1990
	~0 noisy
	-0.00025
	-0.0032 Noisy
	High, noisy


The temperature differences are consistent with the results of 2006-15, but the conductivity and salinity differences are somewhat lower. This suggests that one or both conductivity sensors drifted. During 2006-15 drift was also noted and the slope was about the same for both sensors pairs. As noted during 2006-15 there is significant pressure dependence in the conductivity and salinity with higher differences at depth. 
8. Conversion to IOS Headers

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

The header check and header summary were run and no errors were found.
The cruise track was plotted and it looked fine. Given there were only 2 casts no plot was printed or added to this report.
The average surface pressure is 1.65db, which is low for the Tully. During 2006-15 an offset of +1.2db was applied and this looks appropriate for this data as well.
CALIBRATE was run using calibration control file 2006-15-recal-pr.ccf to apply an offset of +1.2db to the pressure channel.
The altimeter readings from the header were checked and look reasonable.
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. 
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 salinity file was edited to remove loop data, header names were changed to standard names and the file was then converted to individual SAL files.
Dissolved oxygen files were available with flag and comments channels (*.add.) 
The nutrient spreadsheet was simplified, extraneous columns were removed, header names were changed to standard format and the data were sorted on sample number. The resulting file was then converted to NUT files. 

Extracted chlorophyll was obtained, edited to remove extraneous lines and columns, header names were changed to standard format, data were sorted on sample number and converted to individual CHL files.
The SAL, CHL, ADD and NUT files were merged with CST files in four steps. (Output: MRG1, MRG2, MRG3, MRG4), MRG4 was 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).
Sample #7 cast #1 was flagged “e” in the MRG file and the values replaced with pad values because all samples suggest the bottle misfired.

DO was plotted against CTD Salinity. The only outlier was for sample #7.
11. COMPARE
Salinity
COMPARE was run with sample number as the reference channel. The only severe outliers were samples #7 and 29. When data above 500db were excluded (leaving only data from cast #3) the differences between bottles and CTD were quite flat for both pairs of sensors. The slopes of pressure dependence are opposite for the two sensors, so while neither is large, the differences do grow larger with increasing pressure as noted in section 7. When data with pressure < 5000db are excluded the primary sensors were found to be high by an average of 0.005 and the secondary by 0.002. When data above 1000db are excluded the secondary was high by 0.0015, which is similar to the results from 2006-15.
Of the 2 significant outliers only one was flagged:
· Cast #1 Sample #7, 75db (From Niskin #7) – “e” and the values replaced by pad values, as noted in the previous section. 
· Cast #3 Sample #29, 125db (from Niskin #18) – the salinity gradient is high at this depth so a slight mismatch could explain the difference. The two CTD salinity channels differ significantly during the bottle stop. No flag was applied.
Dissolved Oxygen

COMPARE was run. The data from the first cast were excluded (no DO sensor present) from the fit as well as those samples from below 1500db of cast #3.  The fit found when 1 outlier is excluded (from high gradient area) the fit is:

CTD-BOT = 1.0230 DOX-CTD + 0.0453 

When 3 outliers are excluded the fit is:
CTD-BOT = 1.0546 DOX-CTD + 0.0194 

The results of 2006-15 were:


CTD-BOT = 1.0512 DOX-CTD + 0.0599 

(See 2006-15-dox-comp1.xls.) 
Fluorescence

COMPARE was run using the CTD Fluorescence and the Titrated Chlorophyll from bottles. When all data were plotted there was tremendous scatter, but when the data were divided into two casts the plots are somewhat simpler. There is not enough data to put much weight in a trendline, but it is clear that the ratio of fluorescence to chlorophyll is much higher in Saanich Inlet than at Station Papa. This fits the observations from other cruises and indicates that the fluorescence sensor behaved normally.
12. SHIFT

Based on the results of 2006-15 the following shifts were applied:

Fluorescence: +24
Primary Conductivity: -0.8
Secondary Conductivity: -0.2
Dissolved Oxygen: +140
13. 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: None.
14. DETAILED EDITING

The secondary sensors were chosen for the archive. Page plots were produced using (T1,S1). These were used to guide the editing. On-screen plots of descent rate and pump status were also used. The salinity was unusually spiky even when the descent rate was high and steady. (The primary salinity was no better.) The spikes were generally two-sided which suggests flow-rate problems. Editing was applied to salinity in cases where the spikes were unstable and not likely to be removed by metre-averaging, or not two-sided. (Output: ED1)
Both casts required some editing. Note was made of the editing details in the headers of the relevant files.
15. Other Comparisons

Previous experience with these sensors – These sensors were used during 2006-15 when the primary salinity was found to be high by 0.0013. 

Historic ranges – Profile plots were made with historic ranges of T and S superimposed and all data were within the maxima and minima. The data source was from WODC averaged over Marsden squares, not local climatology, so the ranges are large. 

16. Initial Recalibration
The calibration of the salinity will be based on the results of 2006-15. The deep bottles for this cruise agree reasonably well with those results. The oxygen calibration is more complex to analyze. It seems best to use the results of 2006-13 since there is only one cast to be recalibrated. But the scatter makes it difficult to know what to include. It was decided to use the fit with only 1 outlier and the deep values excluded.
An initial recalibration was run on the MRG and SAM files (using file 2006-13-recal1-bot.ccf) to subtract 0.0013 from the secondary salinity (based on the results of 2006-15), to apply the pressure calibration that was already applied to the downcast files and to apply the following correction to the dissolved oxygen:

CTD-BOT = 1.0230 DOX-CTD + 0.0453 

COMPARE was then rerun to check that the results were as expected. The results indicate the recalibrations worked well. (See 2006-15-dox-comp2.xls.)
The ED1 files were recalibrated using 2006-13-recal1.ccf  (same as for the bottles except no recalibration of pressure since that was applied earlier). 
11. Special Fluorometer Processing

The COR files were clipped to 100db. (Output: CLIP)
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. 
12. BIN AVERAGE of CTD files
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.

13. Final Calibration of DO
Files were bin-averaged to 0.25m bins. 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. On average the CTD is high by about 0.048ml/l but there are data from only 1 cast and huge scatter. For 2006-15 an offset of -0.03ml/l was used and that is close to the offsets used for 2005-32 and 2006-20 (before the last repair and recalibration of the sensor).  A second recalibration was applied to the downcast files only (AVG, THN1 and CLIP) to subtract 0.03ml/l. (Output: COR2, THN2 and CLIPCOR)
A final run of COMPARE was done to ensure the recalibration was done properly and it looks fine. (See 2006-15-dox-comp3.xls and 2006-15-comp4.xls.) 
The clipped files were put through BIN AVERAGE (0.25db bins), REMOVE and HEADEDIT and named as *.FCTD1 and saved for Angelica Peña. A second set of files, *.FCTD2, were filtered before bin-averaging.
The SAM files were recalibrated, then put through REMOVE and named *.BOF and saved for the use of Angelica Peña.
14. FINAL CTD files steps (REMOVE and HEADEDIT)
The following channels were removed from all casts: Scan_Number, Temperature:Secondary, Salinity:T1:C1, Conductivity:Primary, Conductivity:Secondary, Status:Pump, Descent_Rate and Flag. The Oxygen:Dissolved:SBE channel was removed for cast #1 only.
A second SBE DO channel was added and the channels reorder 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

· ±0.6ml/l from 0 – 250db

· ±0.25ml/l from 250 – 400db

· ±0.1ml/l from 400 – 1250db

· data below 1250db are considered unreliable by the manufacturer.
Note that the dissolved oxygen data errors estimate is based on the results of 2006-15.
The Standards Check routine was run and HEADEDIT adjusted until no further problems were found.
15. Final Plots

Page plots and profile plots were produced on-screen to check for any problems in processing and none were found.
16. Final Bottle Files

The MRGCOR1 files were put through SORT ordered on increasing pressure and REMOVE was run to remove Scan_Number, Temperature:Primary, Salinity:T0:C0, Conductivity:Primary, Conductivity:Secondary, Status:Pump, Altimeter, Oxygen:Voltage:SBE, Descent_Rate and Flag. (Output: *.MRGREM) For cast #1 Oxygen:Dissolved:SBE was also removed.
For cast #3 a second SBE DO channel was added with different units and the files were reordered to put the two SBE DO channels together. (Output: CHE1)

HEADER EDIT was run to fix formats and units and to add a comment about quality flags and analysis methods. Standards check was run on all files and no problems were found. (Output: CHE)

22. Thermosalinograph Data

a.) Checking calibrations
There was 1 file containing TSG data. A report was printed for the con file and an error was found in the temperature calibrations and the serial number was missing for the fluorometer; corrections were made and the file saved as 2006-13-TSG.con.
The history of the sensor was obtained.

b.) Converting to IOS Headers and adding position headers and time channels
The data were converted to CNV files using a SeaSoft routine. The channels converted were: Scan_Number, Temperature:Primary, Conductivity:Primary, Fluorescence:URU:Wetlabs, UPloy0, Latitude, Longitude, Salinity:T0:C0 and Time Julian and then converted to IOS HEADER format.

CLEAN was run to add End times and Longitude and Latitude minima and maxima to the headers. The times are said to be in UTC and that appears to be correct.

ADD TIME CHANNEL was used to add time and date channels and the output files were named *.ATC.

Time-series plots were produced and a few spikes noted in the salinity. 
c.)  Checking Time Channel 
There was only 1 CTD cast for comparison with the TSG so no check could be made based on that. The start time in the TSG file does agree with notes in the log, and no problem has been noted in the time in the TSG in recent uses, so this is not likely to be a problem.
d.) Alignment check

Recent uses of this equipment showed no alignment problems and there is no indication of such trouble, so this step was skipped.

e.) Comparison of T, S and Fl from TSG and CTD data
· T1 vs T2 There was no intake temperature sensor.
· TSG vs CTD There were only 2 CTD casts and one occurred before the TSG was started. Values from ~4db (after editing and metre-averaging) were compared with values in the TSG files. (See 2006-13-cast3-tsgvsctd.xls)
The TSG temperature was found to be higher than the CTD by 0.191Cº. 
The TSG salinity was low by 0.257.

The TSG fluorescence was about 1.5 times that of the CTD. 
· Loop Bottle Comparisons 
There were many loop bottles. The TSG files were opened in EXCEL, the data were averaged by taking the median over a 2-minute window. Data from the times of the loop bottles were then extracted and added to the file with the loop salinity and saved as 2006-13-looop-sal-tsg-comp.xls. There is a lot of variation in the differences from about -.4 to 0.3 with the TSG low for all but 2 cases. The average of all data is -0.18. Interestingly, the differences were smallest during the journey outwards to P26 with an average of about -0.13. On the return journey the differences were noisier and larger, with an average of about -0.23. Near-shore the variations are not as organized but the averages both well offshore and near-shore are both ~-0.18.
To check on what could cause the variations in differences a number of things were checked:

1. All the salinity data were analyzed during a single session on the Autosal.

2. A plot of loop salinity versus longitude shows no obvious difference between the two legs, but the TSG salinity does.
3. Flow rate variations were examined and did not show any notable differences in the two legs. 
4. The loop sample at P26 did not have a time recorded but since the ship was not moving a time was chosen and used to add that to the graphs. This showed that while stopped the difference in salinity was significantly lower than during the outward leg with the TSG low by 0.255. This is slightly lower than for the inward leg, but not by much. 
5. The outward and inward legs did not follow the same path, but the samples near P26 are quite close in space and the distances between inward and outward tracks are small between longitudes 140 and 145º. 
6. A comparison of differences versus salinity or temperature did not offer any explanation of what is going on.
7. The temperature shows similar variations to those of the salinity. Temperatures are higher during the outward leg, go down when the ship stops and stay lower on the return homewards. Near shore the variations are not as simple. 
The one comparison with a CTD cast was at P26 and found TSG temperature to be higher than the CTD by 0.191 Cº at P26. That is about what would be expected from warming in the loop. Such an error would lead to salinity that is low by about 0.17. So the error in temperature at P26 would account for most of the average salinity error during the cruise.

If the offsets in T and S were due to a temperature problem, we would expect the salinity to go up when temperature goes down. But both temperature and salinity drop at P26. Could this be due to freshwater getting into the loop under certain conditions involving variations in something like wind or waves? That would only fit if the fresh water were colder than the 4db water. (See 2006-13-loop-sal-tsg-comp.xls.)
TSG Chlorophyll samples were also compared with loop samples. There was a lot of scatter in the plot of TSG fluorescence against loop chlorophyll, with the TSG reading high except close to the coast. The average ratio of FL to CHL was 3.5. The chlorophyll does not show the differences noted in salinity between outward and inward legs. 
· Calibration History
The TSG was recalibrated in October 2005. It was used for 2006-08, -11 and -21 when the temperature was found to be high by 0.22, 0.2 and 0.18 Cº and the salinity was low by 0.020, 0.022 and 0.022. For 2006-15 in Sept./Oct. 2006, corrections of +0.19psu were made to salinity and -0.16Cº to temperature.
Conclusions

Based on only one CTD cast the temperature sensor appears high by about 0.19Cº but from 2006-15 when there was a lot more data and similar surface temperatures, the temperature appears to be high by 0.16Cº. This is in line with the history of the loop temperature in late summer.
The salinity is lower than the loop samples by an average of 0.18psu and is 0.26 lower than the CTD at P26 and is similar to the results of 2006-15 when it was low by 0.19. Applying a correction of +0.18psu to TSG looks reasonable and the variations through the cruise imply an uncertainty of ±0.05psu. (We could try to divide the cruise into sections and use different calibrations for different parts, but that would be extremely subjective. Since the average differences are in reasonable agreement with other cruises that seems the best choice.)
f.) Editing
The time-series plots were examined and only one spike in salinity was smoothed; there were a few patches of salinity data that was suspicious but not clearly wrong.
g.) Recalibration
CALIBRATE was used to apply offsets of -0.16 Cº and +0.18psu to Temperature:Primary and Salinity:T0:C0. (Jan. 2019 – corrected error in original recalibration of Salinity:T0:C0.)
h.) Preparing Final Files
REMOVE was used to remove the following channels: Scan_Number, Conductivity:Primary, Flag and UPloy0 (flow rate).
HEADER EDIT was used to add a comment, change the DATA TYPE to THERMOSALINOGRAPH and add the depth of sampling to the header.

The TSG sensor history was updated. 

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

17. Producing final files
A cross-reference listing was produced for CTD and CHE files.
The sensor history was updated.
Institute of Ocean Sciences    
CRUISE SUMMARY

	Cruise ID#:    2006-13

	Dates:   Start: 14 July 2006                       End: 21 July 2006

	Location: Gulf of Alaska

	Vessel:  John P. Tully                                    Party Chief: Robert M.

	

	

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

	1
	SEABIRD
	911+
	0550
	Yes
	Yes


CTD Calibration Information

Make/Model/Serial#:
SEABIRD/911+/0550        Cruise ID#:

2006-13


	Calibration Information

	Sensor
	Pre-Cruise
	Post Cruise

	Name
	S/N
	Date
	Location
	Date
	Location

	Temperature


	2668
	18May06
	Factory
“
	
	

	Conductivity


	2399
	23May06
	“
	
	

	Secondary Temp.


	
2038
	07June05
	“
	
	

	Secondary Cond.
	2754
	23May06
	“
	
	

	Transmissometer
	498DR
	28March06
	Factory
	
	

	SBE 43 DO sensor
	47
	10June2006
	Factory
	
	

	Fluorometer
	2228
	
	IOS
	
	

	Pressure Sensor
	75636
	04/06/1999
	Factory
	
	


TSG Calibration Information

  Make/Model/Serial#:
SEABIRD/21/2487       Cruise ID#:
2006-13


	Calibration Information

	Sensor
	Pre-Cruise
	Post Cruise

	Name
	S/N
	Date
	Location
	Date
	Location

	Temperature
	2487
	21/10/05
	Factory
	
	

	Conductivity
	2487
	21/10/05
	“
	
	

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

	Flow Meter
	?
	?
	?
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ILE NAME:  Q:\Cruise_DotoNAGS-1S\TSG files\ios\2006-15-0001 .atc
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