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PROCESSING NOTES
Cruise: 2011-63
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Date: 13 August 2011 – 21 August 2011
Processed by: Germaine Gatien

Date of Processing: 5 March 2012 – 8 March 2012
Number of original HEX files:  30

Number of CTD files: 30
Number of bottle casts: 6
INSTRUMENT SUMMARY
SeaBird Model SBE 911+ CTD (#0443) was used for this cruise. It was mounted in a rosette and attached were a Wetlabs CSTAR transmissometer (#1185DR), an SBE 43 DO sensor (#0997), a Wet Labs Eco-AFL/FL Fluorometer (#2215), an SBE18 pH sensor (#0692) and an altimeter (no serial # available). 
SUMMARY OF QUALITY AND CONCERNS
The Rosette and CTD logs were in excellent order with a list of all equipment.
The SBE data are considered of lower quality than normal because 24 scans were averaged in acquisition due to an improper setting in the configuration file. These averages may contain spikes that would normally be removed in processing and might be systematic in nature. Fine-tuning of alignment settings and CELLTM correction are also less sensitive with smoothed data. Unfortunately the same error was made on several other cruises using the same equipment, so we can not rely on settings determined from those data sets. Given that sampling was in an area that is not usually affected much by shed wakes and the CTD is believed to have worked well with few spikes, it is likely the errors caused by this are small except near the surface where temperature gradients are large and near the bottom where shed wake corruption is common.
Titrated Dissolved Oxygen samples used to calibrate the SBE DO are also considered of lower quality than usual due to poor standard and blank precision, the great variability between standardizations and the lack of duplicate samples resulting in poor sample precision (Sp= 0.027). The data are reported with fewer significant figures to reflect this concern. For more detail see tabs “notes" and "duplicates" in file QF2011-63oxy*.xls.

For the reasons given above, no estimate is given for the accuracy of Oxygen:Dissolved:SBE data.
The pH:SBE data are not considered ready for the Osd data archive, but will be saved elsewhere.
Data from an initial drop to 10m for soaking were included in some of the files; those initial records need to be removed in processing, so it is better if acquisition is not started until the beginning of the drop after the soak period.

Two changes have been made to processing methods for all cruises that occurred from January 2011 onwards:

· A new approach is being taken to the recalibration of the SBE Dissolved Oxygen data. The voltage channel is compared with bottles to find the slope and offset to enter in the configuration files. This method is the standard approach and is recommended by SeaBird.
· The transmissivity conversion has also been changed slightly so that it follows the method outlined in SeaBird Application Note 91. For more information on this see the document in folder: OSD_data_Archive\Cruise_Data\DOCUMENTS\Transmissivity

PROCESSING SUMMARY 
1. Seasave
This step was completed at sea; the raw data files have extension HEX.

2. Preliminary Steps

The Log Book and rosette log sheets were obtained. There was a cruise report available which mentioned no problems. 

Dissolved oxygen data were obtained in spreadsheet format from the analyst. The file creation date was added to the names of those files to avoid confusion in case some changes need to be made later.
The cruise summary sheet was completed.
The history of the pressure sensor, conductivity and DO sensors were obtained. They had been used on only 1 other cruise since the latest factory calibrations were done.
The configuration files were all the same and like those used for 2011-60. The calibration constants were checked for all instruments. There were a number of errors in the con files:

· The transmissometer calibration was entered correctly, but starting with 2011 cruises the algorithm for determining the slope and offset has been changed slightly to fit the method recommended by Sea-Bird. So the slope/offset were recalculated and those values entered in the configuration file. The result will be higher values by <1%.

· The calibration for the Wetlabs Eco fluorometer could not be confirmed. The parameters entered are close to those on the characterization sheet from the factory, but a field test was done just before the cruise and no record is available for that, but it looks reasonable

· The most serious error is that “Scans to average” was set to 24. This should be set to 1. There is no way to fix this and acquiring metre-averaged data only.  Single bad points will be included in the average since there is no opportunity to remove them first and fine-tuning of settings will be limited or impossible. 
The configuration file used for 2011-60 was saved as 2011-63-ctd.xmlcon.  
3. Initial Rosette File Conversion and DO Calibration Study 

In order to study the SBE Dissolved Oxygen sensor calibration, rosette files were converted that included Oxygen Saturation (ml/l) and bottle position. The ROS files were converted to IOS HEADER format. Those files were put through CLEAN to add event numbers (*.BOT). The BOT files were then averaged to enable an ADDSAMP file to be prepared so that sample numbers can be added to the BOT files to produce SAM files. Sample numbers were added to the ADDSAMP file based on rosette log records. 
The ADDSAMP file was then used to add sample numbers to the BOT files and those files were bin-averaged on bottle numbers to produce SAMAVG files. Those files were then exported to a spreadsheet 2011-63-DO-cal.csv. The titrated DO values were added to that file and lines removed for which there was no DO sampling. A few samples with pad values were removed. A calculation was made of Ф using the equation:
 Ф = Oxsol (T,S) * (1.0 + A*T + B*T2 + C*T3) * e (E*P/K)
where A, B, C and E are taken from the calibration sheet for the sensor and P,T and K are from the CTD channels – K is temperature in Kelvin degrees. Then the ratio Titrated DO/ Ф was calculated and plotted against the SBE DO Voltage. This fit provides the M and B for the following equation:

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

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

Soc = M

Voffset = B/M

The initial estimates of M and B were used to calculate a difference between each point and the fit:
  
Difference = M*Voltage – B – DO/Phi

When the data were sorted on that difference, plots could be made varying the severity of the outlier removal. As major outliers were removed during the first 2 fits, the M and B were updated in the difference calculation. When the most obvious outliers were gone, M and B were no longer updated for the difference calculation. When removing a little more data has little effect on the fit, it is judged that a reasonable value has been found unless, in so doing, a whole class of points has been removed such as all high values, or all values from late in the cruise. The following table shows the results:
	Summary of Soc Voffset including the original values in the factory calibration

	
	
	m
	b
	Soc
	Voffset
	R2

	Bottles used
	Original
	0.4348
	-0.2110
	0.4348
	-0.4853
	

	149
	all unflagged bottles
	0.4395
	-0.2026
	0.4395
	-0.4610
	0.9404

	138
	excl. outliers diff>0.1
	0.4392
	-0.2069
	0.4392
	-0.4711
	0.9937

	128
	excl. outliers diff>0.05
	0.4398
	-0.2085
	0.4398
	-0.4741
	0.9966

	117
	excl. outliers diff>0.04
	0.4450
	-0.2188
	0.4450
	-0.4917
	0.9978

	109
	excl. outliers diff>0.03
	0.4451
	-0.2191
	0.4451
	-0.4922
	0.9985

	93
	excl. outliers diff>0.02
	0.4474
	-0.2213
	0.4474
	-0.4946
	0.9991

	79
	excl. outliers diff>0.015
	0.4457
	-0.2177
	0.4457
	-0.4884
	0.9992

	54
	excl. outliers diff>0.01
	0.4443
	-0.2159
	0.4443
	-0.4859
	0.9996


A cutoff difference of 0.02 looks quite smooth and removing more data produces little improvement. 
Though there are concerns about the quality of the data used for this comparison the results are in line with other recent cruises, so will be used for this cruise. 

	Results from 3 recent cruises with the same sensor

	 
	m
	b
	Soc
	Voffset
	R2

	2011-60
	0.4493
	-0.2214
	-0.4493
	-0.4928
	0.9991

	2011-63
	0.4474
	-0.2213
	0.4474
	-0.4946
	0.9991

	2011-10
	0.4417
	-0.1979
	0.4417
	-0.4480
	0.9989


The configuration files were updated with the new parameters Soc and Voffset and saved with name 2011-63-ctd-new.xmlcon. 
4. Hysteresis Study
This sensor has been recalibrated since the last hysteresis checks were done. There was no deep sampling during this cruise, so hysteresis is not going to be a problem and there is not enough deep data to enable reliable tests to be done to fine-tune H1, H3 and E.
5. BOTTLE FILE PREPARATION 
The ROS files were recreated with the new configuration parameters. 
The ROS files were converted to IOS header format.
The files were put through CLEAN to create BOT files.
A track plot and header check turned up no problems.
A header check shows no negative or off-scale fluorescence.
Temperature and salinity were plotted for all BOT files. Most of the samples were very shallow, so there is a lot of scatter, but no obvious outliers.
The addsamp.csv file prepared in the DO calibration step was ordered on sample #s and converted to CST files to be used as a framework for the bottle files. It was also used to create SAM files with bottle #s and bottle positions. The SAM files were then bin-averaged.

Next, each of the DO analysis spreadsheets was examined to see what comments the analyst wanted included in the header file. These were used to create file 2011-63-bot-hdr.txt; it may need further editing to reflect problems found during processing.

Date of creation was added to the name of the spreadsheet received from the analyst. In future references to this file the * will stand for the date.
DISSOLVED OXGYEN

Dissolved oxygen data were provided in spreadsheet QF2011-63oxy*.xls which includes flags, comments and a precision study. The spreadsheet page with the final data was simplified; the file was then saved as 2011-63oxy.csv. That file was converted into individual *.OXY files.  

SALINITY

The rosette sheets indicate that 2 salinity samples were taken, but none were found.
The OXY files were merged with the CST files and put through CLEAN to reduce the headers to File and Comment sections only. SORT was run to ensure the bottles are in bottle-number order.
11) Compare  
Dissolved Oxygen

COMPARE was run with pressure as the reference channel.
On the first run an error was found in the oxygen spreadsheet. Sample #109 is from event #23, not #22. 

This was fixed, the merges rerun and COMPARE rerun.

There is a lot of scatter in fits against pressure, dissolved oxygen concentration and file pair number.

When 18 outliers are excluded, the average difference is 0.002mL/L, but the standard deviation is 0.16. Most of the outliers are from surface bottles where the standard deviations in the CTD data were high. There were 3 major outliers from below 5m and 3 surface bottles with differences so large that surface variability is not likely an explanation. The outliers were investigated:

Cast 1 – 30.2db – difference 3mL/L - The bottle sample is anoxic. The sample came from a very high-gradient level; at that level the downcast SBE DO changes by ~3.5mL/L in ~2m. It is interesting that the CTD appears to have data from deeper than the rosette sample even though it is mounted higher, suggesting that flushing was incomplete - perhaps a shed wake entered the Niskin bottle. A flag is not appropriate given the high DO gradient. 
Cast 3 – 1.7db – difference 1 mL/L – high DO gradient region, no flag added.
Cast 9 – 9.7db – difference 2.2 mL/L – high DO gradient region, CTD may have been slow to increase, and there may have been some low spikes in the average. The bottle value looks too high based on the downcast data, but again there are a lot of spikes in temperature and DO, so the evidence is not clear. No flag was added.
Cast 14 – 31.8db – difference 2.2 mL/L – spikes in CTD data, high standard deviation. No flag on bottle.
Cast 17 – 1.9db – difference 1.8 mL/L – high gradient and CTD data very spiky. No flag added.
Cast 18 – 2db – difference 3.6 mL/L – high gradient and spiky CTD data. No flag added.
Some bottles had been flagged by the analyst. Each was checked in COMPARE.
Cast 18 – sample 102 – replicate outliers – not clear from SBE DO which is better. 
Cast 23 – sample 109 – mild outlier
Cast 25 – sample 127 - looks ok
Cast 26 – sample 134 – major outlier
Cast 26 – sample 136 – probably ok
Cast 28 – sample 146 – minor outlier
Cast 28 – sample 147 – major outlier
Cast 28 – sample 149 – major outlier
Cast 29 – sample 156 – looks ok
Cast 30 – sample 163 – looks ok
Given the high gradients and problems with the CTD data, the comparison is not considered reliable enough to change any of these flags, but the comments about COMPARE were added for the samples flagged “3” or “4”.

When outliers >0.3mL/L are excluded the SBE DO is higher than the bottles by an average of 0.008mL/L but the standard deviation is very high, at 0.1mL/L. (For details see 2011-63-dox-comp1*.xls.).

Plots of Titrated DO and CTD DO against CTD salinity were examined and no further problems were detected.

6. Conversion of Full Files from Raw Data
All files were converted using 2011-63-ctd-new.con.

A few casts were examined and all expected channels are present. The conductivity channels track well during downcasts and are close – they are a bit noisier on the upcasts, but not bad. The two temperature traces track well especially during the downcasts though there are spikes near the surface in the primary temperature.

The fluorescence looks reasonable with the usual vertical offset. 
The DO voltage looks as expected with a vertical offset. 

The pH trace looks ok, but will also need alignment.
Transmissivity mostly looks ok, but was very noisy in the upcast of one file; there was no evidence that the sensor had touched bottom.
The altimetry is occasionally noisy at the bottom, but there is a clear signal just above bottom. 
7. WILDEDIT

Program WILDEDIT is usually run to remove spikes from the pressure, conductivity & temperature channels. Because the data are already averaged, this step will be skipped.

8. ALIGN DO

Tests of alignment are difficult to assess because the data have been averaged and the casts are all shallow. For the cruises before and after this one a setting of +4.5s looked appropriate. 
ALIGNCTD was used to advance the DO Voltage by 4.5s relative to the pressure.

A check of a few casts before and after this step was run and the results look good.
9. CELLTM

For the two cruises bracketing this one a variety of settings for CELLTM were tested. The goal is to make upcasts look closer to downcasts on a T-S surface. The test did not work very well since there is so little data, but all choices looked better than no application, with the choice of (α = 0.0245, β=9.5) seeming best overall for both channels. This value was chosen again for these data.
CELLTM was run on all casts using setting (α = 0.0245, β=9.5) for both channels.
10. DERIVE  
Program DERIVE was run twice: 

on all casts to calculate primary and secondary salinity and dissolved oxygen concentration.

the usual checks of differences between primary and secondary channels for temperature, conductivity and salinity were not run since there was no deep sampling.
11. Conversion to IOS Headers

The IOSSHELL routine was used to convert SEA-Bird 911+ CNV files to IOS Headers. 
CLEAN was run to add event numbers and to replace pad values in the pressure channel with interpolated values based on record number. 
12. Checking Headers

A header check was run and the minimum fluorescence value was -0.061mg/m^3, so CALIBRATE will be used to add that amount so there are no negative values. The same value was found during 2011-10.
Surface check was run and shows an average surface pressure for the cruise was 0.6db, but for many of the casts the salinity suggests the CTD at the surface or even out of the water. With averaged data this is hard to assess, but work in inlets such as these is likely to have included very shallow sampling, so there is no evidence that pressure needs recalibration.
The cross-reference check was compared with the log book and no problems were found.
The cruise track was plotted and added to the end of this report. No problems were found.
The altimeter readings from the headers of the CLN files were exported to a spreadsheet plus the Water Depth headers. There were no problems in the altimetry despite bottom spikes in some casts. The water depths were wrong for 6 casts, disagreeing with the log records and not making sense in light of the maximum pressure and altimetry. Those values were fixed.
The altimetry readings from the MRGCLN2 files were also examined. The only problem in altimetry was in the bottle file for cast #1, where a bottom spike was misinterpreted. Since the stop was at the bottom of the cast, the value from the downcast file was substituted. The same bottom depth errors as found in the CLN files were also fixed for the MRGCLN2 files.
13. Shift
Fluorescence

Fluorometers usually require alignment, either to remove the effects of pumping for SeaPoint sensors or to correct for slow response time in ECO sensors. Data from ECO sensor (#2216) has been found to require an advance of ~2s. The slow response of that sensor surprised the manufacturer who feels it should be fast. These data are from a different sensor (#2215) which was also used during 2011-60 and 2011-10. 

The usual method to find what shift is needed for the fluorescence is to examine upcast and downcast profiles for a few casts to determine the vertical offset of the temperature and fluorescence traces. The differences between these two offsets are treated as a measure of how much the fluorescence needs to be shifted. The “excess” offset for the fluorescence was divided by the sum of the descent and ascent rates to find the shift (in seconds) to remove that offset. Usually an advance of +48 records is found appropriate. Dividing by 24 to allow for the averaging, this is equivalent to +2 records. Tests comparing -5 to +5 showed +2 records to be reasonable for 2011-10. SHIFT was applied with a +2 records setting.
Conductivity
The pre-averaging makes the alignment very difficult to asses. As for the cruises bracketing this one, no shift was applied.
Dissolved Oxygen 
The Dissolved Oxygen voltage channel was aligned earlier and plots suggest no further alignment is needed, though it is hard to judge with so many stops and pre-averaged data. As for the cruises bracketing this one, no shift was applied.

pH

When this sensor has been used in the past a shift of +90 records was found to be the best setting for alignment. Tests of these data show an advance of +4 records provides reasonable results, though it is hard to judge. That is equivalent to +96 records before 1s averaging. SHIFT was run using +4 records.
14. DELETE

Before running DELETE plots were made to determine if records from an initial drop to 10m were in the file. For casts #5, 6, 8, 9 and 10 initial records were removed to ensure DELETE picked the best data. 
The following DELETE parameters were used (adjustments were made to the usual settings to allow for the fact the data are already averaged): 

 
Surface Record Removal: Last Press Min
   
Maximum Surface Pressure (relative): 10.00 

Surface Pressure Tolerance: 1.0                  
**Pressure filtered over 15 points**NOT APPLIED
 
Swells deleted. Warning message if pressure difference of 2.00

 
**Drop rates <   0.30m/s (calculated over 11 points) **NOT APPLIED.

    
**Drop rate applies in the range:  10db to 10db less than the maximum pressure 
 
Sample interval:  taken from header
COMMENTS ON WARNINGS: There were no warnings.
15. Other Comparisons

Previous experience with these sensors – 

1. Salinity:  The sensors were both recalibrated in late March 2011 and they were used for 2011-60 before this cruise. They were also used for 2010-10 when the CTD salinity was very close to bottles.
2. Dissolved Oxygen: The DO sensor was repaired and recalibrated in April 2011. This was used for 2011-60 and 2011-09 that bracketed this cruise. Both those cruises had problems in the comparison due to averaging of data on acquisition.
3. Pressure: The sensor was recalibrated in April 2011 and was used for 2011-60 and 2011-10.
Historic ranges – There was no local climatology available for these casts.
Repeat Casts – There were no repeat casts. 
Post-Cruise Calibration - There were no post-cruise calibrations available.
16. DETAILED EDITING

At this stage a decision has to be made about whether to edit primary or secondary channels. The secondary was a little less spiky than the primary, though neither was bad.  For 2011-60 the primary was chosen and for 2011-63 the secondary were chosen. The secondary channels were selected.

CTDEDIT was used to remove surface records (mostly while the pumps were off) and bottom records that are likely corrupted by shed wakes. Salinity was cleaned lightly. All casts required some editing.
Profile and TS plots were examined and no further editing was found necessary.
17. Initial Recalibration
File 2011-63-recal.ccf was prepared to add 0.061mg/m^3 to the fluorescence. The same setting was used for 2011-10.
18. Final Calibration of DO

The first recalibration of dissolved oxygen corrects for calibration drift. Shift corrects for transit time errors. Those 2 steps correct for response-time errors, but a further correction is sometimes found appropriate. To check for this, downcast CTD data are compared to bottle data from the same pressure. For this cruise the twin problems of data smoothed during acquisition and less reliable DO samples mean such a comparison is not sufficient to justify further recalibration, so this step was skipped.
19. Special Fluorometer Processing

There was no CHL sampling, so special files were not prepared for Dr. Peña. 
No filtering is required for the ECO fluorescence.

20. BIN AVERAGE of CTD files

While the data were average over 24 scans, the descent rate is often less than 1m/s so Bin Average was run on the COR1 files using the following settings:

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 appeared to be necessary. 
21. Final CTD File Steps (REMOVE and HEADEDIT)
REMOVE was run on all casts with to remove the following channels:
Scan_Number, Temperature:Primary, Salinity:T0:C0, Conductivity:Primary, Conductivity:Secondary, Oxygen:Voltage:SBE, pH:SBE, Altimeter, Status:Pump, Descent_Rate and Flag 
A second SBE DO channel (with umol/kg units) was added. 

REORDER was run to get the two DO channels together.
It was discovered at this point that there was a large patch (2db-45db) of transmissivity values in cast #1 that were all = 0.0%/m, which is most unlikely, especially since the fluorescence is neither high nor constant. Those values were changed to pad values, a note was added to the header and CLEAN was run to fix the header limits.
HEADER EDIT was used to fix formats and channel names, and to add the following comments:

    Data Processing Notes:

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

    The SBE data are considered of lower quality than normal because 24 scans

      were averaged in acquisition. These averages may contain spikes that 

      would normally be removed in processing and might be systematic in nature.

      Fine-tuning of alignment settings and CELLTM correction are also less

      sensitive with smoothed data. Unfortunately the same error was made on

      several other cruises using the same equipment, so we can not rely on

      settings determined from those data sets. Given the area is in protected

      waters and the CTD is believed to have worked well with few spikes, it is

      likely the errors caused by this problem are small. 

    Dissolved Oxygen samples used to calibrate the SBE DO are also considered 

      of lower quality than usual due to poor standard and blank precision,

      the great variability between standardizations and the lack of duplicate 

      samples resulting in poor sample precision (Sp= 0.027). For more detail

      see tabs "notes" and "duplicates" in file QF2011-63oxy*.xls.

    For the reasons given above, no estimate is given for the accuracy of 
      the Oxygen:Dissolved:SBE data.
    Fluorescence and Transmissivity data are nominal and unedited except that 

      some records were removed when temperature and salinity were edited.

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

       removed.

    For details on how the transmissivity calibration parameters were calculated

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

    SBE DO calibration was done using the method described in the SeaBird

      Application Note #64-2. 

    For details on the processing see processing report: 2011-63-proc.doc

The cross-reference list was produced and no problems were found.
The Standards Check routine was run and no problems were found.
The final files were named CTD.
Profile and T-S plots were examined and no problems found.
The track plot looks ok. 

22. Dissolved Oxygen Study

As a final check of dissolved oxygen data, % saturation was calculated and plotted. The near-surface values were mostly between 120% and 160%, except for casts #10-13 where they were ~80% to 90%. Those latter casts were very well mixed. Given the region and season those values look ok.
24. Final Bottle Files 
The MRGCLN2 files were put through SORT to order on increasing pressure. 

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, pH:SBE, Altimeter, Status:Pump, Descent_Rate and Flag 

Where Temperature:Draw was available for at least 1 sample, a second SBE DO channel was added with different units and REORDER to get the 2 SBE DO channels together. (At this point the titrated DO sample formats were changed to include 1 fewer decimal point than usual as suggested by the analyst.) For casts #19 and 21 there were no samples with Temperature:Draw.
HEADER EDIT was run to fix formats and units, 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. Those files were named *.CHE.
A header check was run on the final files and no problems were found. 
Plots were made of CTD Salinity versus SBE Dissolved Oxygen and bottle DO and no further outliers were identified.

Standards check was run on all files and the only warnings concerned formats that had been changed deliberately to reflect data quality.

26. Producing final files
A cross-reference listing was produced for CTD and CHE files.
The sensor history was updated.
Particulars (Notes from log book and sampling notes)
1. SBE25 biggybacked on the rosette

4. H2S smell 

6. Anoxic below 28m

7. Anoxic for bottom bottle only

16. Anoxic below 80db

Institute of Ocean Sciences –CTDs
	CTD#
	Make
	Model
	Serial#
	Used with Rosette?
	CTD Calibration Sheet Competed?

	1
	SEABIRD
	911+
	0443
	Yes
	Yes

	Calibration Information CTD #443

	Sensor
	Pre-Cruise
	Post Cruise

	Name
	S/N
	Date
	Location
	Date
	Location

	Temperature


	2106
	1Apr2011
	Factory
	
	

	Conductivity


	1764
	29Mar2011
	Factory


	
	

	Secondary Temp.


	
2710
	1Apr2011
	Factory


	
	

	Secondary Cond.
	2128
	  29Mar2011
	Factory


	
	

	Transmissometer


	1185DR
	4Aug2011
	IOS
	
	

	SBE 43 DO sensor
	0997
	23Apr2011
	Factory
	
	

	Eco-AFL Fluorometer
	2215
	4Aug2011
	
	
	

	SBE pH
	0692
	29Dec2010
	
	
	

	Pressure Sensor
	63507
	12Apr2011
	Factory
	
	

	Altimeter
	?
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