REVISION NOTICE TABLE

	DATE
	DESCRIPTION OF REVISION

	5-Mar-2006
	Added loop data. The surface nutrient spreadsheet did not have dates and locations so this information was acquired from the CTD files and merged with the nutrient data using the sample number as being the same as the event number. J.L.

	Dec. 22, 2004
	Recalibration of salinity based on post-cruise calibration; see note below.


PROCESSING NOTES
Cruise: 2003-16
Agency: Stock Assessment
Location: California to B.C. Coast
Project: Hake Survey
Party Chief: Mark Saunders
Platform: W. E. RICKER
Date: June 25, 2003 – September 2, 2003
Processed by: Germaine Gatien

Date of Processing: 16 April 2004 – 3 May 2004
Number of original CTD casts: 232
Number of casts processed: 232
Number of rosette files processed: 0 (Niskin bottles were used – usually 1 or 2 per cast)
INSTRUMENT SUMMARY    
A SeaBird Model SBE 911+ CTD (#0506) was mounted with Transmissometer #197 and Seapoint Fluorometer (#2228). The deck unit was a SeaBird model 11 (S/N 0471). The salinity was analyzed using Portasal Model #8410 (S/N 58879).
SUMMARY OF QUALITY AND CONCERNS
The file names were non-standard.
The time for cast #1 is uncertain.

Due to a clock problem the sampling interval for cast #87 was 0.33s; salinity quality is very low for that cast.

There appears to be an irregular flow rate to the secondary sensors. This leads to errors in the salinity while the CTD is moving, although the calibration is good when it is at rest.

For a few casts (31-34, 49,105) the primary salinity looked bad, probably due to poor flow to the cell; the secondary channels were selected for those casts.

The CTD hit bottom during one cast and there were considerable problems with the secondary data from that point until repairs were done six days later. The problems were in the secondary channels and were probably not seen on screen during acquisition. It is recommended that the CTD be examined carefully after a touch-down. 
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. Bottle salinity and nutrient data were obtained. 
The cruise summary sheet was completed.
The configuration files were obtained and the calibration constants were checked. 
An error in the calibration constants for the pressure sensor was corrected. The resulting file was named 2003-16CTD.con.
The sensor history was found. All temperature and conductivity sensors were last used for cruise 2003-13. 
3. Conversion of Raw Data

The raw data were converted using configuration file 2003-16-ctd.con. 
There were 10 data files with names that did not clearly correspond to a cast; these were converted, then checked to determine whether they contained useful data and where and when it was collected. Five were copies of other files. Three were easily identified as casts for which there was no other file – they were renamed appropriately. One cast looks like cast #1, but the time does not seem right. It was renamed as 2003-16-0001 since there is no other file for that cast, but the time should be checked in the Bridge Log if that is available. Another file has a time between casts #202 and #203, but there is no entry in the log for that. The file name (Cxxxekcal0826) and the station name (ctd-EKcal) suggest it was not intended to be processed, but was just put in to calibrate another instrument. It will not be processed further.

It was noted in this search that there are 2 different dates in the headers for the first 11 casts. The NMEA times appears to be correct; the system upload time is out by 1 day. Care will need to be taken later to ensure the correct date goes into the IOS Headers. Again the Bridge Log would help.
A few casts were checked and all channels contained reasonable data. The differences between the pairs of channels look large for the upcasts, but the downcasts look reasonable.
4. WILDEDIT

Program WILDEDIT was used to remove spikes in the pressure channel only.  Parameters used were: 


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

5. ALIGNCTD

This step was skipped. Although the deck unit was an older one that was not believed to advance the secondary conductivity, the results of several recent cruises suggest that may not be the case. Perhaps there have been some recent changes to the deck unit or acquisition software. The alignment will be fine-tuned later using SHIFT.

6. CELLTM

Tests were run on four casts running CELLTM with choices of (0.02,7), (0.02,9), (0.03,7) and (0.03,7) for (alpha, 1/beta). The best choice overall for those casts was found to be (0.02,7) for the primary and (0.03,9) for the secondary channel. This is the same result as for 2003-13 with the same equipment and immediately before this cruise.
CELLTM was run on all casts using (0.02, 7) and (0.03, 9) for the primary and secondary conductivity, respectively.
7. 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.
A few small errors were corrected at this stage – a wrong station name, and rotated SeaBird header time/position entries.
8. Test Plots and Channel Check

Cast #87 has a different sampling rate from all the other casts, 0.333333; this must be related to the problems during that cast with the NMEA clock. The log book notes a problem with the descent rate, but that looks ok. The data looks reasonable too. 
A sample of casts was plotted to check for agreement between the pairs of T and C sensors. Because there is a note in the log about a problem with tubing to one pair of sensors which was corrected after cast #172, many casts were examined to see if it could be determined when the problem first arose. (In the log it is mentioned that the equipment problem likely occurred between casts #162 and 172, but later observations will show that it probably happened during cast #146.) The differences are very noisy, but an average was estimated. The conductivity and salinity differences appear to change steadily through the cruise and do not seem to be related to the tubing problem. The temperature variations are a little lower between casts #7 and #168 then for other casts, but that might reflect local gradients or other variable factors. Again there appears to be no connection to the equipment problem.
	Cast #
	 Press
	T1-T0 
	C1-C0
	S1-S0
	Descent Rate(speed/noisiness)

	4
	500
	-0.0010
	+0.00025
	+0.0030
	Moderate/noisy

	7
	500
	-0.0003
	+0.00025
	+0.0030
	Moderate/mod.noisy

	41
	500
	-0.0002
	+0.00007
	+0.0008
	High/moderate

	93
	500
	-0.002
	-0.0002
	- 0.0008
	Very noisy/moderate

	150
	500
	+0.0005
	-0.00010
	- 0.0020
	High/moderate

	162
	1000
	~0
	- 0.00005
	- 0.0012
	Very high/very noisy

	168
	500
	-0.0003
	- 0.00026
	- 0.0028
	Very high/ok

	173**
	500
	-0.0011
	- 0.00030
	- 0.0022
	High/very noisy

	181
	500
	-0.0012
	- 0.00035
	- 0.0027
	Very high/very noisy

	218
	500
	-0.001
	- 0.00025
	- 0.0020
	Very noisy/moderate

	219
	500
	-0.0015
	- 0.00030
	- 0.0019
	Very noisy/moderate

	241
	500
	-0.0015
	- 0.00035
	- 0.0025
	High/extremely noisy


The transmissivity and fluorescence look reasonable and there is no serious spiking in any data.
9. Conversion to IOS Headers

The IOSSHELL routine was used to convert SEA-Bird 911+ data to IOS Headers. 
10. Checking Headers

The first attempt to produce a track plot showed that another 6 files had rotated SeaBird headers (NMEA lat, long and time). The errors were corrected at the Derive stage and the files reconverted. The cruise track was re-plotted and the positions look reasonable. 
A header summary and a header check were produced. The following problems were found:

· Two station names were missing. A station name was added to cast #123 based on the log. There is no station name in the log for cast #122 so that was left blank. 
· As noted earlier there is a difference of 1 day between the system upload time and the NMEA time early in the cruise. It is assumed that this is due to a computer error. Conversion to IOS Shell picks the NMEA time. The Bridge log was checked and confirms that the file dates are correct.
· The NMEA start time for cast #1 is 20:45 UTC, but in the CTD daily log it says 10:50. The bridge log has no record of that cast, presumably because it was just a calibration cast for the sounder. Given that there were problems with the date for casts #2 through #11, it is possible that the computer time was wrong and in trying to correct it the date was entered incorrectly. Since the NMEA information generally agrees with the bridge log it will be assumed that the information in the file is correct, but a comment will be placed in the header section to indicate that there are doubts about the time. 
· There are many inconsistencies between the station names in the relevant column of the log book, those in the comment column of the log book and those in the files. Since these do not seem to be standard names, corrections were only made where it is very clear what they should be, namely casts 126, 169, 170, 215, 221.
· Checks of the Bridge Log were made for the first 12 casts. There are two entries that appear to have errors in the Bridge Log (events 7 and 8 in the Bridge log, corresponding to casts 10 and 11.) With those exceptions the information supports the entries in the headers. 
The average surface pressure is 3.2db, with a minimum of 0.7db; this is a little shallow for the Ricker. For the casts when Hugh MacLean was aboard the average surface pressure is 3.9db. It is assumed that the pressure is ok, and the low value is due to different personnel using the equipment in slightly different ways, especially very early and very late in the cruise.
T0, T1, S0 and S1 were plotted for all casts. The primary and secondary salinity are reasonably close though the differences between sensors are notable during the upcasts. The secondary upcasts look like the downcasts, but there are significant differences in the primary, especially in the high gradient regions.
CLEAN was used to remove pad values in the pressure channel using linear interpolation based on record number.
11. SHIFT
Fluorescence

To find what shift is needed for the fluorescence, upcast and downcast profiles for 2 casts were examined to determine the vertical offset of the temperature and fluorescence traces. The difference between these two offsets is treated as a measure of how much the fluorescence needs to be shifted. The “excess” offset for the fluorescence was divided by the averaged descent/ascent rate and divided by 2(since the shift will be applied to both up and downcast) to find the shift (in seconds) to remove that offset. As has been found in the past a choice of 1s looks reasonable although the descent rate was very noisy and the offsets highly variable; a shift of +24 records was applied. 
Conductivity
Tests were run on casts #4, 41, 150 and 173. The results were examined in T-S space with the best results those that minimize unstable spiking without oversmoothing. 
· For the primary conductivity the best results were with a shift of -1.3 records. On the previous cruise the primary conductivity was extremely noisy so was not analyzed. For 2003-25 a setting of -1.1 records was used. A shift of -1.3 records will be applied to all casts.

· For the secondary conductivity the results were variable. For casts #4 and 41 a setting of +0.8 records looked best and that is the same result as was found for this sensor when it was used on the cruise just before this one. For cast 150 there was little improvement from any setting and the data was extremely noisy. For cast #173 a setting of +1.3 records looked best. A few more casts were examined to see if it could be established where the change took place and whether the new setting continued to be appropriate. Cast #241 also looks good with a shift of +1.3 records. Looking at noisiness of the signal, it appears that the problems arose after cast #146 when the CTD hit the bottom. The noisiness settled down after a while, probably due to some repairs made to the equipment after cast #172. The alignment from that point is different from that before the repair. So a shift of +0.8 records will be applied for casts #1 - #172 and +1.3 records thereafter.
12. DELETE

The following DELETE parameters were used: 

 
Surface Record Removal: Last Press Min

Maximum Surface Pressure (relative): 10.00

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    10.00 dbars to 10 dbars less than the maxiumum pressure 
 
Sample interval = Taken from header
COMMENTS ON WARNINGS: There were warnings for 8 casts; most concerned upcast or bottom sections of data so are of no concern. For 3 casts there were skips in pressure that suggest some instrumental problem. The files were checked before and after DELETE and DELETE has handled the skips appropriately.
13. BOTTLE FILE PREPARATION
Bottle data were received from the analysts in spreadsheet format: 2003-16sal.csv and Nutrient summary 2003-16.xls. The flag channels were not added to the nutrient data, but Wendy Richardson examined the file and says that no values need to be flagged. Blank flag channels were added to the file which was then named 2003-16-nuts-flag.xls. 
There were a few errors in the salinity spreadsheet – 

· cast #222 did not go below 100db, so the record of a bottle from 500db in cast #222 is in error. Cast #221 did go that deep and the log book indicates that there was a bottom sample. The sample number was changed to 221 in the spreadsheet. The analyst made a note on the salinity analysis sheet next to the entry for #222 to say it should have been #221.

· Samples 119 and 121 were missed; they do appear in the salinity analysis sheets, so the information was transferred to the spreadsheet. These were the last two samples done during a long session and there is no indication of problems. It is assumed they were inadvertently missed.

The pressures in the salinity spreadsheet are estimates. The CTD files were bin-averaged and thinned (after DELETE) in such a way that only one data record was saved, that being from the bottom. In this way a spreadsheet was prepared with bottom pressures. From these the bottom bottle pressure was estimated by subtracting 5db. In a few cases the bottle was not at the bottom and the log value was used for the estimate. The salinity spreadsheet values were replaced with these values in file 2003-16-sal-cor-pr.csv and SAL files were produced by converting the spreadsheet. 

14. COMPARE

THIN was run on the CTD files again using the estimated pressure of bottles from this cruise. Then COMPARE was run using the thinned CTD files and the SAL files.

The results of COMPARE are quite different than would be guessed from the differences in section 8. There is a lot of scatter in the results, to be expected given the uncertainties in sampling depth. But, on average, the primary sensor is low by only 0.0005psu and the secondary by about 0.001psu. The error bars are on the order of ±0.005. There is some slight pressure and time dependence, but nothing large. The differences noted in section 8 must be associated with a moving CTD, not when it is at rest. So flow rate is probably the issue. The results of the shift study suggest that the secondary sensors were the ones with the tubing problem since after cast #173 the shift setting was different. It looks like there continued to be a problem with the flow rate after the repair since the two sensors are much further apart than the bottle comparison would suggest. But the differences didn’t vary much after the repair. To determine which sensors should be archived a few casts were examined and the primary looks cleaner. That makes it likely that the flow rate was steadier for the primary. Taken together with the bottle results the primary sensors look like the best bet. They were also selected for 2003-13. (See 2003-16-sal-comp1.xls.)

15. Further Sensor Study

As noted above the differences between the pairs of channels when the CTD is moving are significantly larger than the bottle calibration would suggest. The problem is most notable during the upcast, but the downcast is definitely affected. On a plot of the two salinity channels together with the descent/ascent rate of the CTD, the secondary salinity moves towards the primary salinity when the CTD slows down.
The differences between the pairs of sensors changed fairly steadily through this long cruise, with the secondary salinity being higher by 0.003psu at the beginning and lower by 0.002 later on. Again the bottles show no such drift. The study is complicated by the fact that the CTD hit bottom at one point degrading the data and some repairs were done a little later. After the repairs the differences settled down somewhat, but are still higher than the bottles show. So the main problem must be with the flow rate. The flow rate is always a little sensitive to variations in the descent rate, but I have never noticed it cause significant systematic differences in salinity in any other system. (I always compare the salinity differences at a selection of casts with the differences based on bottles.)

Hugh MacLean thinks this could be a sign of a failing pump. The data from 2004-03 looks similar with differences between the sensors that is not supported by bottles, although there were so few bottles that, by itself, that would not be significant. It is likely that the Ricker system has had such a problem for a long time. While the secondary is the major concern, both channels look pretty noisy during upcasts.

16. DETAILED EDITING

While the secondary sensors produce smoother data in many cases, the problems noted in the previous section make the primary a better choice for archiving for most casts.  

Page plots were produced using T0,S0. These plots were examined for spikes and instabilities and used to guide the use of CTDEDIT. Where unstable features were clearly due to shed wakes the data were removed. Salinity was cleaned where large spikes occurred. Small spikes (mostly “overshoots” in large T gradient areas) were cleaned only if it was clear they were due to imperfect alignment of T and C. There were a lot of small two-sided spikes in salinity; editing of such spikes was limited to places where it appeared that metre-averaging would not remove them.
For casts #31-34 the primary salinity was extremely noisy near the surface so the secondary channels were selected for editing. There were also problems with the primary channels for casts 49, 105 and 183 so the secondary channels were selected.
The following casts required no editing: 1, 122, 220.
Note was made of the editing details in the relevant files. The edited files were copied to EDT files so that a complete set of files exist with either edited data or data that do not require editing.

17. Other comparisons

Previous experience with these sensors – This equipment has been used many times since the last recalibration, but there was generally little salinity sampling and a lot of scatter. In most cases both sensors gave salinity that was too high. The best comparison was in October 2002 when there were surface bottles from well-mixed water. The primary salinity was found to be high by 0.004psu and the secondary salinity high by 0.002psu; however, both temperature sensors were different for those cruises so this information is of limited use. During 2003-13, when the temperature sensors were the same as used for this cruise, the primary was low by 0.006psu and the secondary high by 0.002psu, but there was only 1 deep bottle and the surface water was not well-mixed, so the results are suspect. During 2003-36 with the same temperature sensors the primary was low by about 0.007 and the secondary by 0.008. There were 4 deep bottles plus near-surface bottles and there was a lot of scatter in the comparison.
Historic ranges – There were some excursions from the historic ranges. All were in casts that were close to shore and most were in temperature. This is more likely to be a limitation in the climatology than a problem with the sensors. There is no indication of instrumental error.
18. Recalibration

The primary salinity is believed to be lower than the bottles by about 0.0005psu. The secondary salinity was chosen for 7 casts and it is believed to be low by about 0.001 when the CTD is at rest. The samples were from Niskin bottles which introduces some uncertainty, but there were a lot of bottles. 

As discussed before there are believed to be errors in the secondary salinity, when the CTD was moving, of from +0.003psu early in the cruise to -0.0025psu at the end. The errors were quite small for 6 of the casts for which secondary salinity was used (32-35, 49 and 105). For cast #183 the salinity is low by up to 0.002, but that varies according to descent rate; since the descent rate was very noisy for this cast no attempt was made to recalibrate for this ”moving” error. A note was put in the header of cast #183 warning that the error in salinity is larger than for other casts. 
No recalibration was applied. 

19. Special Fluorometer Processing

The EDT files were clipped to 100db and stored in a separate directory for the use of Angelica Peña. They were put through REMOVE and HEADEDIT to produce files FCTD and saved to a CD-ROM.
A median filter, fixed size=11, was applied to the fluorescence channel in the EDT files to reduce spikiness. One cast was examined before and after this step and showed that the filter was effective. 
20. 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.
21. Final Plots

THIN and DERIVE were run to obtain values for tables and page plots were prepared using the edited data and displaying T, S, Transmissivity and Fluorescence profiles.  
22. FINAL CTD files steps (REMOVE and HEADEDIT) 
The following channels were removed from all casts except #31-34, 49, 105 and 183: Scan_Number, Temperature:Secondary, Salinity:T1:C1, Conductivity:Primary, Conductivity:Secondary, Status:Pump, Descent_Rate and Flag.

The following channels were removed from casts #31-34, 49,105,183: Scan_Number, Temperature:Primary, Salinity:T0:C0, Conductivity:Primary, Conductivity:Secondary, Status:Pump, Descent_Rate and Flag.
HEADER EDIT was used to fix formats and one header entry.
The final files were named CTD. The Standards Check routine was run and HEADEDIT adjusted until all format problems were removed.
23. Producing final files

A cross-reference listing was produced.
The sensor history was updated.
Particulars:
1-11. Date from computer one day later than the NMEA date.

31-35. Secondary channels used for these casts because the primary salinity looked bad. 

49. The primary salinity looked bad. There was a 24-hour break between #48 and #49 – perhaps the conductivity cell had dried out. Also the SBE 39 was attached to the 911+; perhaps the mounting affected the flow to the primary cell.

83. Problems with descent/ascent rate due to ship engine problems

87. NMEA clock interface failed – descent rate wrong, other times taken from watch. The sampling rate was 0.33333 rather than the usual 0.041667. Salinity very noisy. Next cast was ok.
105. Jumps in primary salinity and temperature. Use secondary.

108. Problems with messenger for bottom bottle – got stuck near surface, messenger resent about 8m above original stop.

124. Repeated as pump was off on first attempt. Touch down – probably first time, not clear.

142. Mislabelled as 141 in computer – file name was fixed.
146. Touched bottom.

163. Pump not working at first, fixed – came on at about 4db.

172. According to log a problem was discovered with tubing to one temp/salinity probe, that probably started between at some time between casts #163 and 172. Likely to affect only one pair of sensors. Check before choosing which set to archive. Processing suggests the problem is with the secondary, but arose earlier, when the CTD touched bottom during cast #146.
173. Time and positions rotated in SeaBird headers. Corrected at DERIVE stage.
175. Niskin bottle broken or lost

191. Computer clock resynchronized: +2 minutes.

204. Upcast aborted – power failure

209. Pumps turned on ~2m below

237. Upcast aborted – power failure

241. Station name wrong. Corrected at Derive stage.
Institute of Ocean Sciences

CRUISE SUMMARY

	Cruise ID#:    2003-16

	Dates:   Start: June 25, 2003                       End: September 2, 2003

	Location: California to B.C. Coast

	Vessel:  W.E. Ricker

	Party Chief: K. Cooke


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

	1
	SEABIRD
	911+
	0506
	No
	Yes
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CTD Calibration Information

Make/Model/Serial#:
SEABIRD/911+/0506
Cruise ID#:

2003-16


	Calibration Information

	Sensor
	Pre-Cruise
	Post Cruise

	Name
	S/N
	Date
	Location
	Date
	Location

	Temperature
	2668
	20/06/02
	Factory
	
	

	Conductivity
	2424
	16/04/02
	“
	
	

	Secondary Temp.
	2374
	20/06/02
	“
	
	

	Secondary Cond.
	2399
	16/04/02
	“
	
	

	Transmissometer
	197
	16/01/03
	IOS
	
	

	Fluorometer
	2228
	
	IOS
	
	


Dec. 22, 2004: The CTD files were recalibrated using file 2003-16-recal2.ccf to raise the primary and secondary salinity channels by 0.007 and 0.0086psu respectively, based on a post-cruise calibration of the conductivity sensors. It was assumed that the drift was linear with time. G. Gatien
