REVISION NOTICE TABLE

	DATE
	DESCRIPTION OF REVISION

	10July2017
	Merged GER & RAC files to create CHE files – see notes at end of report.

	
	


PROCESSING NOTES
Cruise: 2002-23

Agency: IOS, Ocean Science and Productivity, Sidney, B.C.

Location: Western Arctic

Project: Joint Western Arctic Climate Study
Party Chief: Fiona McLaughlin

Platform: CCGS Louis S St-Laurent

Date: 16 August 2002 –5 September 2002

Processed by: Germaine Gatien

Date of Processing: 30 January 2003 – 17 March 2003

Number of original CTD casts: 44

Number of casts processed: 41 (+ bottle files for 3 casts that had data only at the surface) 

INSTRUMENT SUMMARY
A SeaBird Model SBE 911+ CTD (#0443) was mounted with Transmissometer 192DR (for casts 1-27) and 139 (for casts 28-44), SBE 43 Dissolved Oxygen Sensor S/N #0052 and Seapoint Fluorometer S/N #2336 with a 30X cable. The deck unit was S/N 0424. The oxygen sensor was mounted on the secondary pump. The fluorometer was unpumped. 

SUMMARY OF QUALITY AND CONCERNS
The bottle sampling was compromised by major leakage during downcast sampling.

The primary conductivity cell was cracked.

Transmissivity - The data are unedited. Calibrations for tranmissometer #192D could not be confirmed.

Fluorescence:URU:Seapoint – The data are nominal and unedited.

Oxygen:Dissolved:SBE – The quality of this data is limited by poor time-response, the significant pressure hysteresis below 1000db and the problems with bottles mentioned above.

The anticipated errors in oxygen are:


(   ±0.4 ml/l  from 0 to 100m

(   ±0.15 ml/l  from 100 to 2500m

(   0 to -0.25 ml/l below 2500m
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. 

Salinity, dissolved oxygen and chlorophyll calibration data were obtained.

The cruise summary sheet was completed. 

The configuration files were obtained and the calibration constants were checked (except for transmissometer #192D and oxygen sensor #52 for which information was not available.) Those for transmissometer #139 are not the ones on file and differ from those used during 2002-20. The date given for the calibration is 20 June 2002. 

Test conversions were done to decide which calibrations are correct. The ones in the con files used at sea give maxima above that possible for distilled water. So the calibrations were changed to those on file for a calibration done in 23 April 2001. 

The con files used for casts 1 – 26 are the same; those from 30 – 44 have a different transmissometer but are otherwise the same. The con file for cast #27 is not appropriate for this instrument. The con files for #28 and #29 look the same as for #30 in all details that pertain to conversion. According to the CTD log a new transmissometer was installed before cast #28. A few test conversions established that was true.

The fluorometer gain is entered as 30X for this cruise and 10X for 2002-20. According to Bon van Hardenberg 30X is correct for both cruises. During 2002-21 using the same equipment the gain used in acquisition was 30X as well.

There is no history available for either the conductivity or oxygen sensors prior to 2002-20.

3. Conversion of Raw Data

Files CTD0443-192.con and CTD0443-139.con were created (copies of the con files from casts #1 and #30, respectively but with a correction to the transmissivity calibration as mentioned above.

The raw data were converted using CTD0443-192.con for casts 1-27, and CTD0443-139.con for casts 28-44.

A preliminary check shows all expected channels present, but the data was full of spikes. Initial checks of data will be attempted after WILDEDIT.

4. WILDEDIT

Program WILDEDIT was run to remove spikes in the pressure channel only, but this was insufficient as there were many spikes in most of the other variables. So WILDEDIT was rerun with all variables included. 

 Parameters used were: 
Pass 1    Std Dev = 2

Pass 2    Std Dev = 5

Points per block = 50

Initial checks show that the transmissivity values are very odd for both instruments. For #192D which was used during the early part of the cruise there is very little variation even when the fluorescence suggests there should be significant change. During cast #14 the transmissivity malfunctioned and there is nothing useful from casts 15-28. After the change to #139 the transmissivity shows more reasonable variations, but the up and downcasts are quite different.

The other variables look reasonable. The oxygen shows the usual time-response problems.

The pressure at the surface is about –1 db. 

5. ALIGNCTD

ALIGNCTD was used to advance the secondary conductivity by +0.073s since this deck unit advances only the primary sensor. Fine-tuning of the alignment will be done using SHIFT later in the processing.

6. CELLTM

Tests were run on casts #6 and 30 to find the optimal parameter choice for CELLTM. Runs using  (0.02,7), (0.02,9), (0.02,7), (0.03,9),(0.03,7), (0.0245,7),(0.0245,9) and (0.0245,9.5) were used for (alpha, 1/beta). The best choice for both primary and secondary was (0.3,9).

CELLTM was run on all casts using (0.03,9) for both conductivity sensors. 

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 and to calculate the descent rate. These were placed in a test directory and will not be archived.
8. Test Plots and Channel Check

Three deep casts were plotted to check for agreement between the pairs of T and C sensors. The differences were higher than during 2002-20 and showed the same depth dependence. 

Fluorescence was found for all casts, but oxygen and transmissivity have null values for some. 

	Cast #
	Press
	T1-T0 
	C1-C0
	S1-S0
	Descent Rate

	8
	500
	-0.0006
	+0.00035
	+0.0055
	

	8
	1900
	-0.0009
	+0.0004
	+0.006
	~1

	17
	500
	-0.0004
	+0.00035
	+0.005
	

	17
	1900
	-0.0006
	+0.00045
	+0.006
	~.9

	39
	500
	-0.0004
	+0.00035
	+0.005
	

	39
	1900
	-0.0008
	+0.00043
	+0.006
	~.8 very noisy


The differences during this cruise are similar to those found during 2002-21, but the conductivity and salinity differences do not resemble those of 2002-20. It is known that the primary conductivity cell was cracked by the end of 2002-23. It seems likely that this occurred after cast #27 of 2002-20 and before cast #1 of 2002-23. The casts in between are too shallow for a sensitive analysis of differences and the effects of the cracked cell are probably much greater at higher pressure. But the evidence suggests that we should expect problems with the primary salinity from this data set.

9. Conversion to IOS Headers

The IOSSHELL routine was used to convert SEA-Bird 911+ data to IOS Headers. CLEAN was run to add event numbers to the headers.

The ROS files were converted to IOS files; CLEAN was run to add event numbers.

10. Checking Headers

A header summary and a header check were produced. The station name of cast #20 was changed to match the Daily Log

The surface check routine shows an average surface pressure of –0.7 db. A close examination of a few casts (beginning of downcast and end of upcast) indicates that there is a small pressure offset (about -0.8 db) with no indication of hysteresis. The offset for 2002-20 was about –0.6 db; for 2002-21 it was about –0.9db.

The cruise track was plotted and looked reasonable.

11. Test Plots

All casts were plotted and checked for evidence of problems with the processing or instruments. The pairs of sensors compared well on the downcasts, but there are significant differences during upcasts as noted in during 2002-20.

Transmissivity values below 300db are on the order of 65-70% with the deep transmissometer and closer to 60% after the change to the shallow one. The deep transmissometer failed at about 200db during the downcast of cast #14. Cast #28, the first with the shallow instrument has very odd data - the downcast shows a large feature entirely absent in the upcast. There is no suggestion of such a feature in the fluorometry. 

Fluorometer dark values were 0.08 to 0.09(g/l.

The dissolved oxygen trace has a fairly slow time-response as noted during other cruises using SBE 43 sensors, but this sensor has a better response than sensor #47.

12. COMPARE

The cleaned rosette files were copied to *.BOT. These were examined for errors. The following casts required editing due to spikes in secondary temperature and salinity: #1,27,32,33,36,38,42 and 43. Cast #43 required editing to the primary salinity as well. Comments were entered in the headers giving details of editing. The edited files were saved as ED1 or ED2. These were copied to BOT so that the BOT files are a full set, edited or not as needed.

Before beginning the routine runs of COMPARE the question of leaking bottles was investigated. A plot of differences between CTD and bottle salinity vs. rosette bottle number showed huge differences, up to 7 units of salinity, for bottles #1-4. These would usually have been fired in the top 100 db when doing downcast sampling. There must have been massive leakage into the bottles near the bottom of casts to account for the errors. Ignoring extreme outliers, there are other bottles that give data that looks bad compared to neighbouring bottles, the worst being from bottles #5, 8, and 12; these must have been more prone to leaking than the others. Looking at bottles fired on the upcast, the only problems associated with a particular bottle are for #3, which had consistently low salinity. Note was made in the rosette logs about leaking bottles; many of these were for upcast sampling but the differences are not notable. Presumably any leaking was outward due to pressure differences. However, for #3 it seems likely that there was serious damage to the seals allowing some leakage even during upcasts. During 2002-20 bottle #3 was considered way off for cast #24 so the problem started earlier. Another possibility is that there was a delay between the firing and the bottles actually closing.

The worst errors due to bad bottles will be removed by any method since they are extreme outliers. The questions that must be answered are whether to exclude all data from bottles that are frequently bad and whether to exclude all downcast bottle sampling for recalibration purposes. So COMPARE will be run 3 times. 

SALINITY COMPARISON

a.) COMPARE was run first using both upcast and downcast bottles. When only bottles from 200 db downwards are included in the fit and points rejected so that differences more than 0.001 from the average are excluded, the primary salinity was found to be low by about 0.0065 and the secondary low by 0.0016. There is some evidence of time-dependence in both pairs of sensors. However the scatter is large so the choice of fit parameters makes a big difference in how the data is interpreted.  (See 2223comp.xls)

b.) COMPARE was run again on the primary salinity using only downcast bottles from below 500db. Data was excluded for which the standard deviation of the CTD salinity was greater than 0.0005. Since the average was roughly –0.005, points were excluded with differences < –0.015 and >+0.005. This left only 32 data points with an average of ~ -0.0063, the CTD being lower than the bottles. The trend line showed little pressure-dependence but the scatter was tremendous. Selecting the same data points and doing a fit against file pair number shows no time-dependence, but that is based on very little data. It is possible that there was some leakage into all these bottles so the CTD salinity may not be as low as it appears. A similar analysis of the secondary salinity indicates that the CTD is low by 0.0010 and there is no clear pressure or time-dependence, but again there is not much data and a lot of scatter. (See 2223comp-dn.xls.)

c.) COMPARE was next run on upcast (including bottom sampling) salinity. Rosette bottle #3 was excluded. Data was selected only if pressure was >500db and standard deviation of CTD salinity <0.0005. For the primary, data was excluded for -0.017 <salinity differences <0.003. (This was based on a rough average of –0.007). The average difference was about –0.007. The fit against file pair number does suggest time-dependence (starting at about –0.004 to ending at about –1.0), but again the scatter is large. Looking at individual bottles there is reason to doubt many of them. The big errors jump out but whatever caused those may be causing many small errors as well. The same points chosen for the primary salinity comparison were included in a fit for secondary salinity and the CTD was found to be low, on average, by 0.0011 and again there was time-dependence with values changing from about +0.002 to –0.005. However, when the later shallow casts were not included the time-dependence disappeared. (See 2223comp-up.xls.)

d.) COMPARE was run examining only sampling at the bottom of the cast to see if there really is any time- or pressure-dependence. When samples from 500db down are selected and bottle #3 rejected and two other bottles for which problems were noted, there remained two extreme outliers. Once these were excluded there is no obvious pressure dependence, but a lot of scatter. There does seem to be some time-dependence with differences from about –0.0055 at the beginning to –0.008 at the end. Is this a drift in the CTD or developing problems in the bottles? (See 2223comp-up.xls.)

e.) If the problem is that the bottles are not closing properly, then it may be reasonable to check only the upcast shallow bottles. So a comparison was done using shallow upcast data only. The scatter was so large that any conclusions are dubious. For what it is worth, using data from 24 to 200db and excluding outliers so that there were no differences greater than 0.02, the average difference was about -0.004; the time-dependence remained. 

Conclusions:

1. Use of downcast bottles for comparison is ill-advised for this data set, with the possible exception of those that are within a few hundred metres of the bottom of the cast.

2. Bottles #1,2,3,4,5,8, and 12 performed particularly badly during downcasts and should not be used even if near the bottom of the cast.

3. Bottle #3 performed badly even during upcasts so should be excluded from all comparisons.

It is likely that similar problems will be seen in the oxygen and chlorophyll sampling.

All ways of looking at the data suggest that the CTD salinity is low, by an average of about 0.007 units for the primary and by 0.001 for the secondary. There is some hint of time-dependence especially in the primary. 

DISSOLVED OXYGEN COMPARISON
From previous experience with SBE 43 instruments we expect problems with time-response. So it is important to separate the issues of calibration and time-response. The best we can do to address the time-response is to use SHIFT to realign the data in such a way that the upcast oxygen trace overlies the downcast one in about the same way as the temperature trace does. To address the calibration we look at bottles after stops long enough for the instrument to equilibrate. We know that this can take a long time. For sensor #0047 the time was at least 20s before it was repaired and more like 8 to 10s after repairs. A quick look at this data is confusing. The offset of distinctive features in O2 vs Pressure is reasonable at all depths, but the differences in values at depth are quite large even in low gradient areas. SeaBird do mention in their manual that there is pressure-hysteresis below 1000db so that probably accounts for the offset values between upcast and downcast which are most noticeable below 2000db.

COMPARE was run on the data from the SeaBird dissolved oxygen sensor and the downcast bottles  were excluded from the analysis. The results indicate considerable pressure-dependence but no significant time-dependence. In the top 500db the differences reflect the complex gradient in DOX, reading low in zones of decreasing DOX and high where DOX increases. From 500db to 1500db the differences vs pressure are quite flat, but below that they increase notably even though the local gradients are low. Because problems were noted in the salinity analysis with bottle #3 it was decided to drop that bottle from the analysis which removed most 2500 db data. The data has a lot of scatter but is tightest for differences vs DOX. The trendline for that fit was used to create a calibration control file 2223RCAL1.ccf, which was then applied to the bottle files. (See DOXcomp.xls)

CALIBRATE was rerun and the results show a reasonably good fit vs DOX, and again no significant time-dependence. Some pressure dependence remains with the sensor reading low by up to 0.2ml/l near the surface and high by 0.2ml/l at 3500db. Given there were problems with bottles during this cruise it should be kept in mind that the deep differences may not be entirely due to the sensor. But there is evidence that the instrument did not equilibrate well at all at depth. For example at the bottom of cast #18, at 3533db, the SBE43 oxygen is increasing slowly as it approaches the bottom, but when stopped the oxygen decreases and after a stop of over 2 minutes it still appears to be decreasing. It continues to decrease during the early part of the upcast although the bottles suggest that it should be increasing. The vertical displacement of notable features in the profiles is not particularly large but the differences in values between up and downcast is on the order of 0.1ml/l. This problem appears to be pressure hysteresis which is known to occur for this instrument below 1000m. (See DOXcom2.xls)

The initial calibration is based on upcast observations. The downcast is notably different from the upcast so it may be necessary to do a further recalibration to account for that. This will need to be done after the oxygen data is shifted.

CHLOROPHYLL & FLUORESCENCE COMPARISON
Comparisons were made between extracted chlorophyll and the CTD fluorometer data. The downcast sampling contains many suspiciously low chlorophyll values. When these are removed the ratio of Fl/CHL is, on average, about 2.4. It has been noted elsewhere that this ratio is higher at low concentrations and reduces to about 1 near the top of the range. Bad chlorophyll values were identified as those for which the FL/CHL ratio was more than 5.5 and FL>0.2. Below 0.2 the values are so small that the ratio was not considered a reliable guide. Of the many samples that failed this test, only one was from an upcast. However, this is just a rough guide and will not detect small errors in chlorophyll. (See 

13. SHIFT

Tests were done on a few casts to see if shifting the conductivity channel improves the spikiness of the salinity. T-S plots were made to judge the setting that “just” removes unstable features without oversmoothing. The results were similar to those found for 2002-20 & 2002-21 which were +0.2 and –0.6 records for the primary and secondary respectively. 

A first guess for the oxygen shift was made by comparing up and downcast temperature and oxygen. For a cast that had a temperature trace separation of about 4m, the oxygen separation was about 16m. So a shift is needed that will move the upcast down about 6m and the downcast up 6m. That is about +150 records. (Because the resolution was reasonably good, similar features in upcast and downcast could be picked out to judge the vertical separation.) Test runs were done using settings from +120 to +170 and the best results were found using +150. SHIFT was run on all casts using an advancement of +150 records. 

After running SHIFT the downcast CTD files were metre-averaged, thinned, recalibrated using 2223RCAL1.ccf and COMPARE rerun. A 3rd order polynomial trendline was fitted to the differences vs. pressure and that relationship used to create a second recalibration file 2223RCAL2.ccf. (See DOXcom3.xls.) The thinned files were recalibrated using that file and COMPARE was run again. This time the fit versus pressure, dissolved oxygen and time were reasonable with sensor values a little high near the surface, a little low from 100-300db and a little high from 300 to 1000db. Below that the scatter is great. (See DOXcom4.xls.) Error analysis is problematic given uncertainties in the bottle sampling. Assuming that the titrated bottle values are correct sensor errors are on the order of (0.4 ml/l near the surface and about (0.15 from 100-2000m. Below 2500m the oxygen is low by up to 0.25ml/. This method of recalibration makes the downcast data match the bottles reasonably well. 

14. DELETE

CALIBRATE was run to add 0.8db to the pressure so that surface data will not be lost in DELETE.

CLEAN was run to replace pad values in pressure with interpolated values.

The following DELETE parameters were used: 

 
Surface Record Removal: Last Press Min 

   
Maximum Surface Pressure (relative): 10.00


Minimum Salinity: 10   
Pressure Tolerance: 1.0

Pressure filtered over 15 points

 
Swells deleted. Warning message if pressure difference of 2.00

 
Drop rates < 0.3m/s (calculated over 11 points) was deleted between 10db and 10db above thte maximum pressure.

 
Sample interval =  .042 seconds (taken from header)

The only warnings referred to 3 casts with sampling only at the surface. The CTD files from those casts will not be processed further, but the bottle files will be processed and archived.

15. DETAILED EDITING

The DEL files were copied to EDT files.

The secondary sensors were chosen based on calibration studies described in JWACS-2002-sal-calibration.doc. 

Page plots were produced using T1,S1. 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 was 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. 

The descent rate was generally quite steady and fairly high minimizing shed wakes. There were a lot of unstable features in the top 22db which are believed to be due to overturning caused by the ship’s propellers, bubblers etc. Heavy editing of secondary temperature and salinity was done near the surface but little was needed below that.  All casts required some editing.

CTDEDIT was used to remove the transmissivity data below 1934 db for cast #14.

16. BIN AVERAGE

The following Bin Average values were applied to the edited files:

Bin channel = pressure

Averaging interval = 0.250
Minimum bin value =   .000

Average value will be used.
Interpolated values are NOT used for empty bins.

The same values were used for the BOT files except that the Bin Channel = Bottle Number and averaging interval =1.

After averaging, page plots were examined on screen and no further editing was deemed necessary.

17. Other comparisons

Previous experience with these sensors: None. The same sensors were used during 2002-20 and 2002-21 which preceded this one.

Historic ranges – None available

Post-cruise calibration - There was a post-cruise calibration showing the following drifts:

primary conductivity  
+0.0006 units

secondary conductivity 
+0.0001

primary temperature 
+0.00047 (C/yr

secondary temperature 
+0.00102 (C/yr

There is no net effect on secondary salinity but the primary salinity should be low by 0.007 at the time of the post-cruise calibration. This is close to what was found in COMPARE so it appears that the drift mostly occurred by the mid-point of this cruise.

Comparisons of nearby sites: Multiple cast T-S plots were produced for casts from nearby sites. The variations at depth were small. For example there were 3 casts at station AL10. The first two were within 1 km of each other and the third about 7km from those two. The differences along a line of constant (t (at a depth of about 250m) were ~0.0005 units of salinity and ~0.01C( for the two casts that were 1km apart and double that for casts 7km apart. 

18. Recalibration

See the document JWACS-2002-sal-calibration.doc for an analysis of salinity calibration information from 2002-20, 2002-23 and 2002-21. Based on this analysis the secondary salinity will be archived and will not be recalibrated.

See the document JWACS-2002-DOX-calibration.doc for an analysis of the dissolved oxygen calibration information from 2002-20, 2002-23 and 2002-21. Based on this analysis the dissolved oxygen data will be recalibrated using the results of cruise 2002-23. The rosette files (BOT) will only be recalibrated using 2223rcal1.ccf since they are not subject to the time-response problem. The CTD files will be recalibrated using 2223rcal1.ccf and 2223rcal2.ccf.

The fluorescence data will be not be recalibrated.

The surface pressure (as judged by upcast conductivity) was recalibrated earlier.

19. REMOVE and REORDER

The following channels were removed from final bottle and CTD casts: Scan_Number, Temperature:Primary, Salinity:T0:C0, Conductivity:Primary, Conductivity:Secondary and Flag.  

For casts #15 to 27 the transmissivity channel was also removed.

The channels were reordered and formats corrected as needed. 

The Standard Check routine was run and problems fixed.

EDIT HEADERS was used to add the following notes to the CTD files:

Transmissivity: The data are unedited.

Fluorescence:URU:Seapoint – The data are nominal.
Oxygen:Dissolved:SBE – This channel was processed by shifting +150 records with respect to pressure before removal of any records. Recalibration was done in two steps, using files 2223rcal1.ccf and 2223rcal2.ccf as described in the REMARKS section of the header.

The anticipated errors in oxygen are:

· ±0.4 ml/l  from 0 to 100m

· ±0.15 ml/l  from 100 to 2500m

· 0 to -0.25 ml/l below 2500m (pressure hysteresis leads to low sensor values)

The final files were named CTD and RAC.

20. Final Plots

THIN and DERIVE were run to obtain values for tables and page plots were prepared using the edited data. Profile plots of temperature, transmissivity, dissolved oxygen and fluorescence were prepared.
21. Producing final files

A cross-reference listing was produced.
The sensor history was updated.

A separate set of files were prepared in which the full edited files were recalibrated, channels removed and reordered and header notes added as described above; these plus the RAC files were saved on CD-ROM for Fiona McLaughlin.

Particulars

14. Transmissometer malfunctioned at about 1930db.

15- 27 Transmissometer not functioning

28. Transmissometer replaced

31. Surface sampling only. Delete CTD file, keep bottle file

40. Surface sampling only. Delete CTD file, keep bottle file

44. Surface sampling only. Delete CTD file, keep bottle file

10 July 2017 – G. Gatien
There were RAC and GER files in the archive; the RAC contain recalibrated CTD data collected during stops for bottles and the GER files contain chemistry data.  The files were merged on bottle number. There were no chemistry data for file #17. 

CLEAN was run to remove empty channels.

ADD CHANNEL was used to add flag channels. 
SORT was used to order records on pressure.

HEADEDIT was used to add a comment and to fix formats and channel names.

Note that some bottles were fired during the downcast and others during upcasts; many casts had bottles of both types.
Institute of Ocean Sciences

CRUISE SUMMARY

	Cruise ID#:    2002-23

	Dates:   Start: 16 August 2002                   End: 5 September 2002

	Location: North-West Pacific

	Vessel:   CCGS Louis S. St-Laurent

	Party Chief: Fiona McLaughlin


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

	1
	SEABIRD
	911+
	0443
	Yes
	Yes


Institute of Ocean Sciences

CTD Calibration Information

Make/Model/Serial#:
SEABIRD/911+/
0443



Cruise ID#:

2002-23


	Calibration Information

	Sensor
	Pre-Cruise
	Post Cruise

	Name
	S/N
	Date
	Location
	Date
	Location

	Temperature
	4044
	15/02/02
	Factory
	
	

	Conductivity
	2232
	07/03/02
	“
	
	

	Secondary Temp.
	4109
	14/03/02
	“
	
	

	Secondary Cond.
	2676
	14/03/02
	“
	
	

	Fluorometer –pumped
	2336
	08/01
	IOS
	
	

	Oxygen SBE43
	0043
	06/08/01
	Factory
	
	

	Transmissometer-1


	192DR
	02/08/01**
	IOS
	
	

	Transmissometer-2


	139
	23/04/01
	IOS
	
	

	Pressure Sensor
	63507
	11/01/96
	Factory
	
	


** - calibration not on file

