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INSTRUMENT SUMMARY
The primary CTD system used on board was a Seabird SBE9+ CTD configured with a 24- position SBE-32 pylon and ice-strengthened rosette frame with 10L Niskin bottles fitted with internal stainless steel springs. The data were collected real-time using the SBE 11+ deck unit and computer running Seasave Win32 V 5.37d acquisition software.

Mounted on the CTD were 2 temperature and conductivity sensors, a dissolved oxygen sensor, a regular fluorometer and a CDOM fluorometer, 2 transmissometers, an altimeter and a bottom contact sensor. The dissolved oxygen sensor was switched before cast #9. 
The salinometer used at IOS was a Guildline model 8400B Autosal, serial # 69086. 

Typical Deployment Method:
For a typical cast, the CTD was powered on while still on the deck. The transmissometer windows were wiped with deionized water soaked kimwipe or q-tip prior to each deployment. The rosette package was lowered to 10m, the sensor pumps turned on and the package soaked for 3 minutes to equilibrate the oxygen sensor. The package was then raised to the surface and lowered at 60m/minute to 1000m or, in water shallower that 1000m, to within 5m of the ocean floor. After closing the first bottle at the

bottom of the cast, the package was raised at between 30 and 60m/minute to the surface with 30s stops for bottle closing on the first 6 casts, in open water. On the remaining 8 casts, conducted in 8+ 10ths ice cover, bottles were closed on the upcast without changing the ascent speed with the thought that this will capture water with a uniform vertical offset (approximately 1 m) instead of stopping the package for bottle closures which can result in variable 0 to 5m offsets, depending on the flow dynamics around the bottles. The bottle flushing around a stopped package is dependent on the ship rock and relative drift, which are both

less favourable for bottle flushing when a ship is in ice.
SUMMARY OF QUALITY AND CONCERNS
The Daily Science Log and rosette log sheets were generally in good order except that the equipment list was not completed. 
The post-cruise report says there was a surface reference PAR sensor installed, but the configuration files were not set up to acquire that data. The equipment list in the cruise report does not match the configuration files. 
The use of consecutive numbers to name CTD files is a little confusing since a number of different activities were identified by their own consecutive numbers. 

The hysteresis correction was not available for the SBE43 sensors until later in 2008. There was no sampling below 1000m so hysteresis effects should be insignificant.
The CTD data were very noisy in the top 10 to 20m, much more so than when stations were occupied in the same general areas in 2007. The noise was most notable for the casts that were taken in heavy ice cover. This may be due to more noise from the ship, shed wakes reflecting off the ice or instrumental noise. Where data were clearly bad they were removed but in some areas there are unstable features where it is not clear whether data are corrupted or not, so they were left in place. 

Sampling for casts #7 to #13 was done “on the fly” because that method is preferred in waters with significant ice cover. Data for comparison with bottles was selected from a window from -1.5s to -0.5s before firing. The ascent rates at firing times were quite steady at roughly 0.5m/s.

The comparison between salinity bottles and CTD salinity showed the primary to be high by ~0.0017 and the secondary low by ~0.0012 when bottles were fired while the CTD was stopped. Results were similar for the primary CTD salinity when bottles were fired on the fly, but for the secondary CTD there appears to have been poor data on the upcasts. Analysis was quick so little evaporation or adsorption of samples is expected. 

The conductivity sensor drift estimates in the Arctic calibration spreadsheet look unreliable for this cruise. There may be a sign reversal in one case and the way the conductivity estimates from the factory are expressed may lead to significant round-off errors. When the post-cruise parameters were applied to one cast the drift found in salinity was slightly larger than that found from the comparison between bottles and CTD for the casts fired while stopped. Given that there was another cruise between this one and the factory calibration, we would expect some of the drift to have occurred after this cruise, so this is in good agreement with the bottle comparison. The results were also consistent with the “on the fly” sampling for CTD salinity, though the secondary upcast salinity appears to be less reliable while the CTD was in motion. 
Data from channel WET Labs CDOM fluorometer are reported in voltage units because the factory-provided calibration terms produced mostly negative values. The profiles have a reasonable shape and the same sensors produced believable values in subsequent cruises, so it is likely that the bad values are due to a cable problem. CDOM samples were collected but the analysis data were not available at the time of processing.
The SeaPoint fluorometer shows the usual pattern of reading higher than extracted chlorophyll for some samples with very low CHL, but mostly the values are lower and become increasingly lower as CHL rises. The ratio of fluorescence to extracted CHL is mostly lower than that observed during the 2007 C3O cruise, but that may be because there were many more casts for the 2007 cruise including sampling in areas south of any sampled in 2008.

There were two transmissometers mounted on the CTD. Both sensors had spikes but the secondary sensor (993) had more than secondary sensor (#662). The maximum values for the primary were higher than for the secondary and looked close to expected values so only the primary transmissivity is reported. 

Samples from Niskin #1 showed up as outliers for events #9, 10 and 11. The oxygen analyst noted that the bottle was leaky and in the log it is noted that the bottle was damaged. It was replaced. The samples from those bottles showed up as outliers in comparisons with CTD data and in profile. All sample values from those 3 bottles were padded and flagged 5.
Two methods were used for analysis of dissolved oxygen samples. The data run with the IOS system are in channel Oxygen:Dissolved while those run with the SIO system are in channel Oxygen:Dissolved2. See the headers of the CHE files for some details on the analysis and references to further documentation.

Dissolved Oxygen sensor #1115 malfunctioned in part of cast #1 and throughout casts #4, 6 and 8. It was replaced by sensor #0435 for casts #9 to 13.
The Oxygen:Dissolved:SBE data are considered, very roughly, to be:

        ±0.3 mL/L from 0 to 200db

        ±0.2 mL/L from 200db to 300db

        ±0.1 mL/L below 300db

PROCESSING SUMMARY

1 Seasave
This step was completed at sea; the raw data files have extension HEX. 
CTD casts were numbered consecutively and those numbers are used for naming the files.

There was a small error in the format of the file name, so names were changed from 20082900** to 2008-29-00**. 

2 Preliminary Steps

The Log Book and rosette log sheets were obtained and contained many details of problems encountered. During the early casts the bottles were fired while the CTD was stopped but from cast #7 to the end bottles were fired on the fly because the ship was in ice and that method was felt to work best there. In the past an offset of 1m has been found suitable for selecting CTD data to match the bottle samples.
Nutrients, extracted chlorophyll, FW Alkalinity, dissolved oxygen and salinity analysis results were obtained in a combined spreadsheet. 
The cruise summary sheet was completed.
The instrument configuration changed before event 9 when the oxygen sensor was replaced.  The con file from event 1 was saved as 2008-29-ctd1.con and the version from event 13 was saved as 2008-29-ctd2.con. There were a number of errors in the configuration files.

· Serial numbers were missing for the altimeter and SeaPoint fluorometer. Those were added.
· The calibration parameters were wrong for both transmissometers. There had been corrections after this cruise when it was found that the SeaBird parameters had been miscalculated, but the entries in the files used at sea don’t contain either the original or corrected values found in the Arctic calibration spreadsheet, so it is not known where they originated. The parameters were changed using the corrected values as entered in the Arctic spreadsheet.

· The ECO CDOM fluorometer has a scale factor of 49 entered. The spreadsheet shows 24.5. Neither value was found to lead to reasonable CDOM data, so scale factor 1 and offset 0 were used to obtain voltage units.
· For the 2nd configuration the date of calibration was wrong for the oxygen sensor.

3 Conversion of Full Files from Raw Data

Casts #1-8 were converted using file 2008-29-ctd1.xmlcon and for casts #9-13 file 2008-29-ctd2.xmlcon was used. (The wrong file was used in the conversion of cast #8, but the correct one was used at the DERIVE stage, which is all that matters for getting the correct dissolved oxygen concentration.)
The hysteresis option is not available for the DO sensor calibrations run before mid-2008.
For the first conversion Voltage 5 and 7 were also converted to ensure there was not an instrument mounted that was not noted in the configuration file. Voltage 5 had no signal but Voltage 7 did have a signal for casts #9 to 13 that may be just a stray signal from a Y-cable.
After conversion cast #7 was deleted and cast #7a was renamed as cast #7 since the first attempt at this site was aborted. 
A few casts were examined and all expected channels are present. Cast #1 has a lot of spikes.

The two T/C pairs are in good agreement during the downcasts. As usual upcast traces are noisier than downcasts. The primary channels look very noisy during the upcasts, sometimes being higher and sometimes lower than the secondary T and C which generally look smoother. This looks like a problem with flow around the CTD during upcasts. 

The dissolved oxygen data looks normal with some hysteresis, except for some casts during which the sensor obviously malfunctioned. It was replaced after cast #8 and the data after the switch look normal. 

The 2 transmissivity channels differ by about 1.2% over a 25cm path with sensor #662 reading higher. Since the parameters in the configuration files used in acquisition were different, a check was made to see what the difference would be if they were used; the difference is somewhat larger at 1.4 to 1.6%.  As a final check a configuration file was prepared in which the positions of the 2 sensors were switched and that led to much larger differences ~7%. So the parameters from the calibration spreadsheet were used.
SeaPoint fluorometers generally read higher than extracted chlorophyll at low CHL values and lower when CHL values are high. That pattern is also seen for these data but the drop off comes at lower CHL values than usual, and lower than seen during cruise 2007-19. The values from open waters were the lowest relative to CHL. 
The Fluorescence CDOM sensor has many negative values. The scale factor used is not the one in the calibration spreadsheet, but using either value will lead to negative values, so it is best to convert this channel as voltage and let researchers make the scale judgment. There were CDOM samples but those data were not available at the time of processing.
Voltage 7 has a signal but it appears to be a stray signal of no value, so it will be removed later.
The descent rates are noisy for the first 4 casts and mostly quite steady after that. While downcasts are generally close to 1m/s, the upcast speeds are steady in sections but vary from about 0.5 to 1m/s within casts. This may make choosing an appropriate window for bottle files difficult for the casts with no stops. 

4 BOTTLE FILE PREPARATION 
The ROS files were created using file 2008-29-ctd1.xmlcon and 2008-29-ctd2.xmlcon. 
File 2008-29-0007a.ROS was renamed as 2008-29-0007.ROS.

For the casts with a stop, data were selected from a 10s window around firing time.
For the casts with no stops a window from -1.5s to -0.5s was used for conversion. This can be revisited after comparison of CTD data with bottle samples if there is evidence of a problem.

The ROS files were converted to IOS format. 

They were put through CLEAN to create BOT files. Temperature and salinity were plotted for all BOT files to check for significant outliers; none were found. 
A preliminary header check and a cross-reference check were run. The only problems noted are already known – including bad DO data from cast #8 and some spikes in other channels.
The BOT files were bin-averaged on bottle number and the output was used to create file ADDSAMP.csv. Sample numbers were added to the file based on the rosette log records. There were 2 items that required special treatment:
· For cast #2 two bottles were fired at 125db but only 1 sampled so one line was removed.
· For cast #5 Niskin #7 (sample #77) was fired at ~175db but did not confirm. According to the rosette log Niskin #8 was fired at that level and assigned sample #78. But the converted file shows Niskin #7 closing at 177db and Niskin #8 closing at ~150db. There were samples from both the bottles that were fired at 177db, but no CTD data to go with the first. So the some manipulation will be required to provide data for Niskin #7.  
The addsamp.csv file was converted to CST files, which will form the framework for the bottle files. 
The files were then bin-averaged and called SAMAVG.  
The CTD data for sample #78 were copied into a line of file 2008-29-0005.SAMAVG to make a place for sample #77 data. 

Next one page of spreadsheet 2008-29_LSSL_Chem_RAWW_2017-03-28.xls was simplified with event numbers, station names, bottle numbers and sample values and flag channels and saved as 2008-29combo.csv. That spreadsheet was converted into separate COMB files for each event.

The COMB files were merged with CST files. 
The files were put through CLEAN to reduce the headers to File and Comment sections only.

The merged files are ordered on sample number, but the SAMAVG files are ordered on bottle number, so one or the other set needs to be reordered in order to merge them. The MRGCLN1 files were reordered on Bottle_Number. The output files were named MRGCLN1s. Those files were then merged with SAMAVG files choosing the Bottle_Number from the SAMAVG files. 
The output of the MRG files were exported to a spreadsheet and compared to the rosette log sheets to look for omissions and to see if the CTD data looked ok. A few problems were found:

· Bottle 10 needed to be removed from file #2 SAMAVG file.

· The pad value had not been entered into the DO sample data so no data was entered as 0 values. 
· DO bottle values were missing from casts 12 & 13 due to an error in merging.

· There are no DO samples from cast #13 but it looks like they were never taken.
After those problems were fixed the merge process was repeated.
CLEAN was run to reset header values, delete empty channels and enter 0 in empty flag channels.

5 Compare  
Salinity  

Compare was run with pressure as reference channel. 

First, outliers with differences >0.2psu were examined. They all come from casts during which there was no stop for bottles. 
· Sample 128 –cast 9 at bottom, 416db; salinity close to value at 55m. There is no evidence of a problem with the CTD salinity. The salinity suggests a misfire and the nutrients could support that though it is not clear that they are not representative of bottom values. The DO sample could also make sense around 55m or at the bottom. While poor flushing of the Niskin bottle and/or poor rinsing of the salinometer might account for small salinity discrepancies, this seems far more likely to be a case of a misfire of Niskin #1 or a leaky bottle.
· Sample 143 –cast 10 at bottom, 142db; looks like CTD at roughly 40m. This case looks like a misfire since the DO and nutrients look similar to those at 50m and the DO sample is way out of line with the CTD DO at the bottom. Or it could be due to a leaky bottle.
· Sample 152 – cast 11 at bottom, 203db. The DO, salinity and nutrients all look like they could come from around 80 or 90m, but the nutrients from 200m look similar. So, a misfire or leaky Niskin looks likely and the analyst noted that the bottle was leaky. There is a note in the log that the top mount was broken and the side had a hole in it so the samples are invalid. The bottle was then replaced. 
· Sample 162 – cast 11 at ~15db; all samples look more likely to be from 5m than 15. There were problems with ice and the CTD was actually stopped at 15m and at the time the bottle closed the CTD salinity was close to the bottle value. So the CTD data is actually from a little deeper than the bottle samples. The salinity sample is likely a good match for the other samples though somewhat mismatched with the CTD data.
· Sample 170 – cast 12 at ~15db; the CTD stopped at 15db and the bottle closed at about the time that salinity fell fairly sharply. The CTD data came from a little earlier due to the window selected for casts with no stops. The salinity sample is likely a good match for the other samples, but a little somewhat mismatched with CTD data. 
Based on these results flag 5 and pad values were entered for all samples from Niskin #1 for casts 9, 10 and 11. The samples from that bottle for casts 12 and 13 are ok. In the log it is noted that bottle #1 was replaced after cast 11.
The data from casts with stops for all bottles (#1-6) were examined. Outliers were excluded based on standard deviations in the CTD salinity being >0.0008 or differences between bottles and CTD being >0.01psu. The result produced fairly flat fits with the primary salinity high by an average of 0.0017psu and the secondary low by 0.0012psu. The standard deviation in both fits was ~0.003psu.

The data from the casts with no stops for bottles (7-13) were examined. Outliers were removed where differences were >0.01psu and standard deviations in CTD salinity > 0.002. The fits were fairly flat with the primary high by an average of 0.0011psu and the secondary low by 0.0036psu with standard deviations of ~0.003psu. 
The differences between the two fits imply that the primary salinity is higher than the secondary by 0.0029psu for the first group but by 0.0047psu for the second group. Examination of downcast profiles shows the downcast salinity difference to be roughly 0.003 for all casts. So we don’t expect to see a change in calibration between the two groups. If the upcast traces are very noisy the fits for bottles fired on the fly will be affected.

For upcast files the difference between channels is highly variable, on the order of 0.003 in well-mixed waters but often much larger in other areas. It is also noted that the upcast primary salinity is much higher relative to the downcast than the secondary is. The secondary often looks much smoother than the primary, but it is not obvious whether that is a good sign or bad. But, even when the primary upcast data are quite smooth, they are still further from the secondary than during downcasts.
Another source of information is the post-cruise calibration drift estimates listed in the Arctic calibration spreadsheet, which showed a small drift downwards for the primary and no virtually no drift in the secondary. That does not fit the COMPARE results and does not match the difference between channels on either upcasts or downcasts. 

Why are the drift estimates so different from the bottle comparisons? It is possible that the drift estimates have the wrong sign; they were taken from the Arctic calibration spreadsheet rather than the report from the factory. Moreover, the way the conductivity drift is quoted is likely prone to significant round-off issues when one works out drift over many months and the estimate may be based on a different conductivity range than that seen during this cruise. The deepest cast was recalibrated using the post-cruise parameters for conductivity and temperature sensors and the differences in salinity were calculated at a few depths. The primary salinity was found to be high by about 0.0021psu and the secondary low by about 0.0016psu. There was another cruise between cruise 2008-29 and the post-cruise calibration, so not all of that drift is likely to have occurred by the end of this cruise. The results of the bottle comparison for the primary salinity are in line with this result, and for the secondary there is good agreement for the first group. For those fired on the fly there is not a good match due to the noisy upcast salinity. 
The drift in temperature sensors was about +0.0003C˚ for the primary and -0.0010C˚ for the secondary; the primary temperature drift is insignificant in its effect on salinity but the secondary drift has a larger effect on salinity than the conductivity drift. We could recalibrate temperature and then recalculate salinity, but it is quite possible that most of that temperature drift occurred after this cruise. While the bottle comparison might suggest that the secondary drift may have changed late in this cruise, the downcast data do not support that. 
For full details for the COMPARE run see file 2008-29-sal-comp1.xls.

Dissolved Oxygen 
COMPARE was run with pressure as the reference channel. There was DO sampling from casts #1 to 12.
This comparison was complex because there were so many variables:

· Bottles were closed while stopped for casts 1-6 using DO sensor 1115 and analyzed using the IOS method. The CTD DO data were bad for casts #4 and 6 and some of #1.
· Bottles were closed while on the fly for cast 7 using DO sensor 1115 and analyzed using both the IOS and the SIO method.

· Bottles were closed on the fly for cast #8 using DO sensor 1115 and analyzed using the IOS method but the CTD DO data are bad.

· Bottles were closed on the fly for cast #9 using DO sensor 435 and analyzed using the IOS method.

· Bottles were closed on the fly for cast #10 using DO sensor 435 and analyzed using both IOS and SIO methods.
· Bottles were closed on the fly for cast 11 using DO sensor 435 and analyzed using the IOS method. 
· Bottles were closed on the fly for cast #12 using DO sensor 435 and analyzed using the SIO method.
All CTD Dissolved Oxygen data were bad for casts 4, 6 and 8. The sensor was replaced after cast #8.

Outliers for all fits were removed based on residuals (except for the cast #10 studies). Because there were no DO values <4mL/L the offsets in the linear fits were forced to be 0. 

The fits found were:

· Bottles fired while stopped using IOS method (1,2,3,5) using sensor 1115: 
CTD DO Corrected = CTD DO * 1.0355 *
· Bottles fired on the fly using IOS method (7) using sensor 1115: 
CTD DO Corrected = CTD DO * 1.0362
· Bottles fired on the fly using SIO method (7) using sensor 1115: 
CTD DO Corrected = CTD DO * 1.0352 
· Bottles fired while stopped using IOS method (10) using sensor 435: 

CTD DO Corrected = CTD DO * 1.0340

· Bottles fired while stopped using SIO method (10) using sensor 435: 

CTD DO Corrected = CTD DO * 1.0435

· Bottles fired on the fly using IOS method and DO sensor 435 (9,10,11):
 CTD DO Corrected = CTD DO * 1.0314 **
· Bottles fired on the fly using SIO method and sensor 435 (10,12): 
CTD DO Corrected = CTD DO(SIO) * 1.0388
· Bottles fired on the fly using IOS method and DO sensor 425 (9,11):
CTD DO Corrected = CTD DO(SIO) * 1.0318
· Bottles fired on the fly using both methods and sensor 435 (9,10,11,12): 

CTD DO Corrected = CTD DO * 1.0332 
The fit marked *is the best choice for sensor 1115. For sensor 435 there are too many variables to feel confident, but the fit marked ** seems like the best since cast #10 looks like an outlier and that may be due to problems with the SIO analysis. 

To see if the choice of setting the offset to 0 was appropriate, checks were made of the fits marked * and ** to see if allowing an offset made a significant difference and whether the resulting fits looked better. 

· For the bottles fired with stops the result was:

CTD DO Corrected = CTD DO * 1.0360 – 0.0039 *

The R2 value was almost identical.

· For the bottles with no stops the result was:

CTD DO Corrected = CTD DO * 1.0293 + 0.0141**
The R2 value was very slightly higher, so this fit will be used.

Conclusions:

· The result for cast #7 using the SIO method is close to that for cast #7 using the IOS method, but for cast #10 there is a bigger difference.  There are not many bottles for cast #10 so this may not be significant.
· The fit for casts 1, 2, 3 and 5 using the IOS method looks like a good choice for sensor 1115.

· Given that the analyst concluded that the two methods were not significantly different and cast #7 suggests the same thing, data were combined for both methods using sensor #435 and the results produced a slightly larger correction than when only the IOS method was used.
· Cast #10 stands out from casts #9 and #11 and the comparison of SIO and IOS methods did not agree well for that cast, so the problem may be with the sampling or analysis just for that cast. The fit for just casts 9, 10 and 11 using the IOS analysis suggests a smaller correction is better.
There was a post-cruise calibration but it was done before a repair so it not likely to be useful for recalibration of these data since there was a report that the sensor failed during 2008-30, which followed. There is also to be considered that the comparison is affected by issues other than calibration drift, such as incomplete flushing of bottles and slow response of DO sensors. The latter is not a problem when the CTD has been stopped for 30s before bottles are fired, but it likely is for closing on the fly. Unfortunately there are no cases where CTD #435 had a chance to equilibrate before firing. A check was made of how DO equilibrated during stops at the bottom that suggest errors ~0.01mL/L in not waiting, but those were in areas with low gradients. There were a few cases where there were stops during upcasts for CTD #435 but they were fairly short; in one case a change of ~0.01mL/L occurred during a ~20s stop; there was no bottle fired there.
Next, outliers were examined:
· The 3 samples from Niskin #1, casts 9, 10 and 11 are outliers, though the one from cast #9 is not as notable as the others. Those values will be padded.
· The outliers from casts 4, 6 and 8 are due to bad CTD DO data so no flags are appropriate for the bottle data.
· All other outliers were shallow samples associated with high standard deviations in the CTD DO, so there is no reason to disbelieve the sample values. No flag changes were made.
Plots of Titrated DO and CTD DO against CTD salinity were examined. The only major outliers were already discussed above. 
NOTE: After processing was complete it was discovered that cast #7 had been treated as one of those with stops for bottles. The bottle comparison was revisited to see if this made a significant difference to the results and hence to the recalibrations applied:

· The salinity comparison was repeated excluding that cast for the “stopped” study and including it for the “on the fly” study; it did not affect the results presumably because it was a shallow cast with many bottles rejected because of evidence of poor flushing. 

· For dissolved oxygen dropping cast #7 from the cases with stops for bottles had a negligible effect on the dissolved oxygen fit for sensor #1115 except that it increased the R2 value. Cast #7 is the only one with sensor 1115 plus firing on the fly and useable CTD DO data, so it is appropriate that it was not included in the comparisons for sensor 0435.. 
Fluorescence

COMPARE was run with extracted chlorophyll and CTD Fluorescence using pressure as the reference variable. The CTD fluorometer was a SeaPoint sensor. 
The ratio Fluor/CHL versus CHL was examined; cases of very low CHL were excluded because the plot is not very informative due to the blow-up of the ratio at very low values. For this type of sensor the fluorometer usually reads high at low CHL and then drops as CHL rises. However, the ratio is unusually low. We usually get good matches between 1 and 5ug/L. During 2007-19 in the same area the ratios were higher than for this cruise. To see if this is related to the ice cover a subset of files from early in the cruise were examined. CHL values were lower in the area with significant ice-coverage, but both areas have low ratios though they are slightly higher in the ice-covered area. There are many differences between the cruises; for example, during 2007 there were casts from well to the south of any in 2008.
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For full details of the comparison see file 2008-29-fl-chl-comp1.xlsx.

6 WILDEDIT

Program WILDEDIT was run to remove spikes from the pressure, conductivity & temperature only in the full cast files (*.CNV).  

Parameters used were: 
Pass 1    Std Dev = 2 
Pass 2    Std Dev = 5 
Points per block = 50

The parameter “Keep data within this distance of the mean” was set to 0 so all spikes would be removed.

7 ALIGN DO

There were many stops for bottles for the first DO sensor so determining the alignment settings is a little tricky.  There were no stops for the second sensor. Tests were run on 2 casts for each sensor.

Another 2 casts with the second DO sensor were also tested; for those there were stops.
The best results for DO sensor #1115 was with an advance of 6s while +5s worked best for Sensor #435.
ALIGNCTD was run with an advance of +6s for casts 1-8 and +5s for casts 9 to 13.
8 CELLTM

The noise in the upcast makes the tests for the best parameters for this routine very difficult to interpret. The default setting of (α = 0.0245, β=9.5) was used. One cast was checked for this cruise and the default setting does improve the data.
CELLTM was run using (α = 0.0245, β=9.5) for both the primary and secondary conductivity.

9 DERIVE and Channel Comparisons
Program DERIVE was run on all casts to calculate primary and secondary salinity and dissolved oxygen concentration.

At this stage DERIVE is usually run a second time on a few of the deeper casts to examine differences between sensor pairs. There were no really deep casts but 2 of the deepest were tested. 
	Cast #
	Press
	T1-T0 
	C1-C0
	S1-S0
	Descent Rate

	2008-29-0001
	950
	+0.0001 VN
	-0.00022
	-0.0028
	Noisy, High

	2008-29-0003
	750
	0
	-0.00024
	-0.0030
	Moderate, High


The differences were small and the salinity differences are compatible with the observations of section 5.
10 Conversion to IOS Header Format

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 with interpolated values based on record number. Fluorescence profiles showed sections where the sensor had clearly gone off-scale with values staying constant for about 1m at 4.905ug/L, so CLEAN was used to replace values>4.904 ug/L with pad values since fluorescence likely went above 5. 
The data from the soak period were removed using program CLIP. Plots of pressure versus scan number were used to determine how many records to remove.
11 Checking Headers

A cross-reference list was checked against the log book. No errors were found.
The cruise track was plotted twice, once with cast numbers and once with station names, and both were added to the end of this report. 
Surface check was run and shows an average surface pressure for the cruise was -0.32; salinity was very low for 8 of the 9 casts with negative pressures.
Examination of near-surface data suggests that the pressure is reading low by about 0.8db.

· Cast #1 downcast – Appears to enter water at about -0.8db – pumps were off but transmissivity shows signs of entering water a little above that.
· Cast #2 downcast – after initial soak the CTD was brought up to about -1db with pumps on and values suggested it was close to the surface but perhaps out of water. 
· Cast #2 upcast – At -0.9db the CTD appears to still be in water – pumps were on. At -.95db it looks like it is out of water.
· Cast #6 Downcast – After the soak the CTD was brought up to ~0db with pumps on and water definitely looked like the sensors were in water. 
· Cast #6 Upcast: Pumps on and conductivity low for upcast as pressure reaches -1db – looks like one sensor pair likely out of water. 

A header check was run. The header ranges show many signs of spikes; these are expected and most should disappear at the DELETE stage. No other problems were found.
There were no negative fluorescence values and it looks like the CLEAN step removed off-scale data, though that needs to be checked on plots. 
The altimeter and water depth readings from the headers of the CLIP and SAMAVG files were exported to a spreadsheet. Plots were made of altimetry near the bottom for about half of the casts. There were a few problems:

· The CTD never got close to the bottom during cast #1. There was a header entry but the signal was full of spikes. The entry was removed.

· The bottom depths were wrong for casts 3, 6 and 12 – in two cases the depth had not been updated from the previous cast and in one case only the first digit of 3 was entered.

Those entries were corrected in the CLIP files and SAMAVG files.

In examining profiles it was discovered that the primary conductivity sensor was bad during cast #1 between about 390-570db. The primary temperature was ok. Transmissivity was erratic too.
12 Shift
Fluorescence

The fluorometer is believed to have been pumped. Plots were made to see if alignment is required, and the 1s advance that is usually applied to this type of fluorometry does improve alignment. 
SHIFT was run on the SeaPoint fluorescence channel, advancing it by 24 records.
Dissolved Oxygen 

The Dissolved Oxygen voltage channel was aligned earlier. A few casts were checked to see if the alignment looked ok, and it did. No further alignment is needed for the DO concentration channel.
Conductivity
Tests were run on 3 casts using a variety of shifts. For the primary conductivity the best results were found with -0.25 records while for the secondary a setting of -0.35 records looked best.
 SHIFT was run on all casts using -0.25 records for the primary conductivity and -0.35 records for the secondary conductivity. Salinity was recalculated.
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: There were no warnings.
14 Other Comparisons

Other experience with these sensors – 

The temperature, conductivity and dissolved oxygen sensors were calibrated before the cruise; there was a post-cruise factory calibration but the equipment was used for at least one other cruise before that. 

Repeat Casts – There were no repeat casts. During the previous year the same temperature and conductivity sensors were used and showed good repeatability.

Post-Cruise Calibration – Drift estimates are taken from Arctic calibration spreadsheet.
Pressure: The slope change is very slight while the offset increased from -1.2771 to -0.69432. The net change to pressure is about +0.58db at the surface and about +0.55db at 1000db. 

Temperature: Both temperature sensors drifted downwards, the primary by 0.00023C˚/year and the secondary by 0.00014C ˚/year.

Conductivity: The primary drifted down by about 0.0001 salinity units/month or about 0.0007 by July. The secondary conductivity had no significant drift.

Dissolved Oxygen sensors: There was no post-cruise drift report available.
15 DETAILED EDITING
The choice of which sensors to edit and then archive was based on:

· Both salinity channels are within 0.002 of bottles.

· The differences between conductivity and temperature traces are small during downcasts.

· During upcasts the difference between salinity channels is generally much higher. There are noisy patches in both channels, but during stops for bottles the two channels settle to differences similar to the downcasts.
· The primary conductivity malfunctioned during cast #1 from about 390db to 570db, so there are no useful primary salinity data in that section.

Secondary temperature and salinity were selected since they appear to be ok during downcasts and bottle stops.

CTDEDIT was used to remove large spikes, remove or clean smaller spikes that appear to be due to instrumental problems and likely to affect the bin-averaged values and records corrupted by shed wakes. All files required some editing, mostly in the top 20m and near the bottom of casts. 
In the areas with 10/10 ice coverage it looks like there was corruption near the surface that might be due to ship affects as attempts were made to keep equipment away from ice. Other possible causes are shed wakes bouncing off the ice or less local mixing to disperse the wakes caused by raising the CTD from the soak level. Casts #7 to 12 required the removal of many records in the top 15m. A longer wait at the surface may not be practical due to ice. Unfortunately, while there is evidence of data corruption, it is not always clear which data are good and which are bad. Where it seemed clear, bad data records were removed; otherwise the data were not removed.
Cast #12 was soaked at 8db and not returned to the surface so the file begins at 8db.

16 Initial Recalibration
The surface pressure study suggests that the sensor is reading low by about 0.8db while the post-cruise calibration suggests it is low by 0.6db. The estimate based on the examination of near-surface data is somewhat uncertain as spray and brine may confuse the issue.  
Pressure will be recalibrated by adding 0.6db.
There is no need to recalibrate temperature. When the post-cruise calibration is used the two sensors differ by ~0.001, but using the pre-cruise calibration the difference is negligible throughout the cruise. The drift must have occurred after this cruise.

Based on the studies described in section 5 the primary salinity is believed to be high by ~0.0017 and the secondary low by ~0.0012, so recalibration will be applied to subtract 0.0017 from the primary and to add 0.0012 to the secondary. 

Based on studies described in section 5 oxygen sensors will be recalibrated using the following corrections:

CTD DO Corrected = CTD DO * 1.035 (casts 1-8)
CTD DO Corrected = CTD DO * 1.0293 + 0.0141 (casts 9 – 13)
The MRGCCLN2 and SAM files were recalibrated using file 2008-29-recal1.ccf  and 2008-29-recal2.ccf to apply the corrections to pressure, primary salinity, secondary salinity and SBE dissolved oxygen as noted above.
COMPARE was rerun on the salinity and dissolved oxygen data to check that the recalibrations were applied appropriately. The salinity comparison looked fine.   

For the dissolved oxygen the cases with stops were low by an average of 0.008mL/L while those without stops were high by an average of 0.012. While it is possible that the correction is slightly too great for the 2nd DO sensor, there are so many variables and so much scatter that it is hard to judge. The upcast speeds are variable – smooth in sections but there are sudden changes in speed. This is likely the best fit we can achieve. 

For full details for the COMPARE runs see files 2008-29-sal-comp2.xlsx and 2008-29-dox-comp2.xlsx.
The EDT files were recalibrated. 
17 Final Calibration of DO
The initial recalibration of dissolved oxygen corrects for sensor calibration drift. Alignctd corrects for transit time errors. Those 2 steps may partly correct for response time errors, but to see if a further correction is needed, a comparison is made of downcast CTD data to bottle data from the same pressure. Small differences are expected due to ship drift, temporal changes, incomplete flushing of Niskin bottles and noise in CTD data.
Downcast files were bin-averaged to 0.5m-bins for the casts with DO bottle samples. Those files were then thinned and compared to the bottle values in the MRG files. COMPARE was run to study the differences between the downcast CTD DO data and the titrated samples from upcast bottles. When a few major outliers were removed, the CTD DO was higher than the bottles by an average of ~0.027mL/L for the bottles fired while stopped and by 0.10mL/L for those fired on the fly. We generally expect the CTD DO to read higher in this type of comparison partly due to the CTD not having fully equilibrated and due to incomplete flushing of bottles. For the “on the fly” case the flushing issue is particularly difficult to judge because upcast speeds varied and the DO profiles are quite different from cast to cast so a poor choice in the data selection window may have a much different impact from bottle to bottle. There was also an issue with variability in the analyses. These results appear to be as close as we can achieve.
The small differences for the bottles that were fired while stopped show that the calibration is satisfactory for those casts. There are too many variables for the “on the fly” casts to make a judgment about the quality of the calibration.
Examination of the differences versus pressure was used to make a rough estimate of the errors in the downcast DO data. (See section 21 for error estimates.)

See 2008-29-dox-comp3.xlsx for the comparison details. 
18 Fluorescence Processing 

A median filter, size 11, was applied to the fluorescence channel in the COR1 files. Plots of a few casts showed that the filter was effective. (Output:*.FIL)
19 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.

On-screen plots were examined. The T-S plots have some unstable features, mostly small and near the surface. For casts #2 and 13 there are some larger unstable features. They were re-examined, but there is no evidence that either is due to bad data so they were left in place as they may be real.
20 Final CTD File Steps (REMOVE and HEADEDIT)

Tests of the transmissometers show that the primary is giving higher values and has fewer spikes than the secondary. At 50m during cast #12 the primary had a value of 90.3%/25cm while the secondary was at 89.1%/25cm.  After conversion to %/m the differences are ~2%/m.

REMOVE was run on all casts to remove the following channels:

Scan_Number, Temperature:Primary, Salinity:T0:C0, Conductivity:Primary, Conductivity:Secondary, Oxygen:Voltage:SBE, Altimeter, Transmissometer2, Voltage 7,Status:Pump, Descent_Rate and Flag.

The Oxygen:Dissolved:SBE channel was removed from casts # 4, 6 and 8.
21 DERIVE and DO saturation

A second SBE DO channel (with umol/kg units) was added. 

DERIVE was run twice – first to calculate dissolved oxygen saturation and second to calculate depth. Only the version with depth will be archived.
REORDER was run to get the two DO channels together.
Examination of plot turned up a few problems. For event #1 there were only zero values in channel Oxygen:Dissolved:SBE data between 388db and 562db, so a text editor was used to replace the values with pad values. There were also a few zero and near-zero values in transmissivity around 490db which were also replaced with pad values. Transmissivity was low in other parts of cast #1 but while these are likely bad values, it is not completely clear, so the data were left in place. 
HEADER EDIT was used to fix formats and channel names and to add the following comments:

Data Processing Notes:

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

    Transmissivity and Fluorescence:URU:SeaPoint data are nominal and unedited except 

    that some records were removed in editing temperature and salinity. 

    NOTE: While the Fluorescence:URU:SeaPoint data are expressed in concentration units,

    they do not always compare well to extracted chlorophyll samples. It is recommended 

    that users check extracted chlorophyll values where available.

    Fluorescence_CDOM:URU:WetLabs data are also nominal and unedited. They are given in

    voltage units only because the factory-provided calibration terms produced mostly

    negative values. The profiles have a reasonable shape and the same sensors produced

    believable values in subsequent cruises, so it is likely that the unbelievable

    values are due to a cable problem. 
     For details on how the transmissivity calibration parameters were calculated

    see the document in folder "\cruise_data\documents\transmissivity".

    SBE Dissolved Oxygen sensor #1115 malfunctioned during part of cast #1 and all of 

    casts #4, #6 and #8, after which it was replaced with sensor #0435.

    Dissolved oxygen was calibrated using the method described in SeaBird 

    Application Note #64-2, June 2012 revision, except that a small

    offset in the fit was allowed for casts 9 to 13.

    The SBE DO sensor has a fairly long response time so data accuracy is not as high

    when it is in motion as it is during stops for bottles. This will be especially

    true when vertical DO gradients are large. To get an estimate of the accuracy of 

    the SBE DO data during downcasts (after recalibration) a rough comparison was made

    between downcast SBE DO and upcast titrated samples. Some of the difference will 

    be due to problems with flushing of Niskin bottles and/or analysis errors, so the

    following statement likely underestimates SBE DO accuracy.

    Downcast (CTD files) Oxygen:Dissolved:SBE data are considered, very roughly, to be:

        ±0.3 mL/L from 0 to 200db

        ±0.2 mL/L from 200db to 300db

        ±0.1 mL/L below 300db

    For details on the processing see document: 2008-29_Processing_Report.doc.

The Standards Check routine was run and no problems were found. 
The Header Check was run and no problems were found.
A cross-reference list was produced; as noted in the particulars and log, cast #9 occurred before cast #7.
The track plot looks fine. 

22 Dissolved Oxygen Study

As a final check of dissolved oxygen data, % saturation was calculated and plotted. Surface values varied from 106% to 113% with the higher values in the areas that had heavy ice cover and had the second DO sensor.
23 Final Bottle Files
The MRGCOR1 files were put through SORT to order on increasing pressure. 

REMOVE was run on all casts to remove the following channels:

Scan_Number, Temperature:Secondary, Salinity:T1:C1, Conductivity:Primary, Conductivity:Secondary, Oxygen:Voltage:SBE, Altimeter, Status:Pump, Descent_Rate and Flag.

The Oxygen:Dissolved:SBE channel was removed from casts # 4, 6 and 8.
There was no draw temperature available so the bottle DO could not be derived in mass units.

DERIVE was run to add depth.

REORDER was run to get the 2 SBE DO channels together and put Depth after Pressure.
HEADER EDIT was run to ensure formats and units are correct, 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 processing.
There were two versions of the header comments to distinguish the data descriptions for the bottles fired while stopped from those fired on the fly.    
Standards check was run and turned up some problems; it was repeated until all were resolved using Head Edit.
The header check showed that depth had been lost at the REORDER stage. That was fixed.
The track plot looks ok.

Plots of each file were examined to ensure no problems had crept in and none were found. 
A cross-reference listing was produced for the CHE files.

Data were exported from the CHE files to file 2008-29-bottles-final.xlsx.
Particulars 
Note that the file names are based on event numbers which were assigned consecutively to CTD casts. There are other types of casts with their own consecutive numbers but if there is just a single number it is a CTD cast.
1. All bottles fired to check integrity – salts taken. Between 400 & 550m 1 oxygen and 1 salinity sensor stopped working. One transmissometer gave a negative value for the entire cast. 
5. 175m bottle didn’t fire so went down from 150 to 175 to try again (bottle 7). Some confusion in sequential bottle fire sequence – maybe 2 samples from 175m. Bottle 17 was tripped and not 16.

7. Initial drop too deep so returned to surface and new file started as 7a.  Bottle tripped on the fly.

9. DO sensor swapped. DO sensor on Voltage 0. Lots of up and down to make space in ice as rosette raised to trigger last bottle.

10. Labels may be FS-2 instead of FS1.

11. Ice problems – held at 10m waiting for hold – fired last bottle at 5m.

12. Bad kink found in cable wire.

CRUISE SUMMARY

CTDs

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

	1
	SEABIRD
	911+
	724
	Yes
	Yes


	Calibration Information

	Sensor
	Pre-Cruise
	Post Cruise

	Name
	S/N
	Date
	Location
	Date
	Location

	Temperature 


	4322
	9Jan2008
	Factory


	9Jan08
	Factory



	Conductivity


	2809
	25Feb07
	Factory


	28Dec07
	Factory



	Secondary Temp.
	4239
	3Jan08
	Factory


	3Jan08
	Factory



	Secondary Cond.
	2810
	4Jan08
	Factory


	4Jan08
	Factory



	Fluorometer
	SCF2569
	n/a
	
	
	

	Fluorometer WetLabs ECO
	FLCDRTD-1076
	6Nov06
	
	
	

	Transmissometer


	CST-662DR
	26May08
	Factory
	26May08
	Factory

	Transmissometer
	993
	9Jun08
	
	
	

	SBE 43 DO sensor
	1115
	8Apr08
	Factory
	17Sep2008
	Factory

	SBE 43 DO sensor
	435
	8Apr08
	Factory
	*
	

	PSA916D Altimeter
	Datasonics
	Mar 2005
	
	
	

	Pressure Sensor
	90559
	11Mar08
	Factory
	11Mar08
	Factory


Note: * - repaired after post-cruise calibration
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