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Calibration of the SBE25 CTD
IOS Cruise No. 2001-22
Temperature

The SBE3 temperature module (s/n 4044) was calibrated by Sea Bird Electronics on 1 January 2001 and 15 February 2002. The difference between the two calibrations, 0.000 70˚C, is considered too small to warrant correction. The calibration curve of 1 January 2001 was used.
Pressure
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The SBE29 pressure module (s/n 0442) was calibrated by Sea Bird Electronics on 15 November 2000 and 21 February 2002. The difference between the two calibrations, 0.55-0.85 decibars, is considered too small to warrant correction (see curves at the right). The calibration curve of 15 November 2000 was used.
Conductivity
The SBE4 conductivity module (s/n 2232) was calibrated by Sea Bird Electronics on 22 December 2000 and 15 February 2002. The difference between the two calibrations was quite large, typically equivalent to about 15 ppm in salinity (see curves at the lower right). Conductivity (and salinity) values computed using the Dec-2000 curve are lower than those calculated with the post-cruise calibration.
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When this conductivity module was returned to Sea Bird Electronics for re-calibration late in 2001 the Sea Bird technician noted that the electrode (a thin platinum foil deposited on the glass) had separated partially from the glass. This flaw may have been the cause of the large change in the calibration of this sensor over 14 months. Because of the obvious damage to the cell, the relevance of the either calibration to the data from cruise #2001-22 is not obvious.

The temperature-salinity correlations in deep water (greater than 1000 m) for profiles from cruise #2001-22 were compared with data from the same area in 1998 (see the figure on the next page). This comparison provides little indication that calibration shifts as large as 15 ppm can be present in the CTD data from the 2001-22 survey.
We therefore assume that the re-calibration data from February 2002 have no relevance to the calibration of salinity during this cruise that occurred five months earlier. The calibration of the conductivity sensor for cruise #2001-22 will be based on samples acquired below the halocline, returned to IOS and analyzed for salinity using a Portasal Model 8410 salinometer.
Anomalous Samples
Calibration samples for salinity were taken from 8-litre Niskin bottles operated on a Sea Bird 12-bottle rosette. Samples at all depths except the greatest were acquired on the down cast without stopping the descent. Those at maximum depth were taken about 30-seconds after stopping the descent and lifting the rosette slightly (3 m) to reduce the risk of touching the seabed. 
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suggests that the discrepancy between the 
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samples, not an unstable conductivity cell

Compare 68 (dark blue) & 69 (black), where 

bottle checks differ by 0.018

0.018

2001-22

Strangely, the distribution of difference between values of salinity from the CTD and from the bottles is bi-modal. The two peaks are clear in the histogram for samples acquired below the halocline (viz. below the 300-db level) in the third frame of the figure at the right (secondary mode in red). There is also a hint of this mode in the second frame, which summarizes samples acquired in the halocline between 100 and 300 db
. 
A variety of known problems arise from CTD use in freezing environments.[image: image4.emf]0 100 200 300 400 500
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S ~ 0.018

 We did have difficulties involving icing of the valves and vents of the sampling bottles when air temperature dropped as low as ‑14˚C in early October (the rosette was essentially operated in the open air). However, none of the samples contributing to the smaller mode were acquired on cold days. Also, it is very unlikely that problems caused by freezing would generate a secondary mode as narrow as that seen. The effects of freezing would be more erratic from sample to sample.
The sequence of analyzing samples from the survey differed from that of acquiring them. This fortuitous occurrence provided a new perspective on the calibration data. A plot of the differences between salinometer and CTD-derived salinity, sorted according to sequence of analysis, is shown in the figure above. The red circles illustrate the original analysis runs, which occurred on six different days. The number within each red circle is the day of November 2001 on which each sample was analyzed. The samples that form the secondary mode were all analyzed on the same day (29 Nov 2001). Moreover, none of the samples analyzed on that day contribute to the dominant mode.
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Sea Bird 29-0442

Pressure function (21-Feb-2002)

Change since 15-Nov-2000

Was there anything unusual about the analysis procedure on 29 Nov 2001? 
The text box on the next page displays portions of the salinometer log at starting time on November 29 and 30. Reference standards were run at the beginning of each day (sample number 000 in the rightmost column denotes a standard). On both days, the values recorded for standards were steady within about 1 ppm. There is no indication here that anything is wrong.

Unfortunately, there is also no indication here of whether the standard values that are logged precede or follow standardization, or indeed whether the salinometer was actually standardized at these times. The hand-written log sheets are also silent on these two important issues.
One clue remains. At the top of each page of the written log is a space to record the Standby Value, which is the value of conductivity ratio assigned by the standardized salinometer to a stable reference resistor. Fortunately, the analyst duly wrote in a value for the standby resistance on every page (about every 24 samples). The averages of the standby values logged on each day are noted on the figure above. The fact that these values change indicates that the salinometer was probably re-standardized at the start of each day, although this is not known for sure. 

The standby value for November 29 is clearly anomalous. The variation among the values for November 23, 26, 27, 28 and 30 represents an equivalent variation in salinity of about 1 ppm. The different value on November 29 is equivalent to a reduction in the salinity of the seawater standard of about 18 ppm. 
Assuming that the salinometer was incorrectly standardized on November 29, the values of salinity from that day may be corrected by calculating conductivity ratio from salinity and the analysis temperature (24˚C), scaling the ratio by 1.000 458, which is the factor derived from the standby values, and re-calculating salinity. This correction moves the anomalous cluster of data from November 29 to a position consistent with the samples analyzed on other days. This is demonstrated by the points plotted as pale blue discs on the preceding figure.
The cause of the erroneous standardization on November 29 is not known. The most appealing explanation is that an air bubble remained undetected in the cell when it was filled with the standard. The presence of the bubble would have decreased the apparent conductivity of the sample, so that the value of conductivity associated with 34.997-seawater within the Portasal was too low. The salinity of samples analyzed subsequently would then have been too high, as demonstrated. 

The constancy of consecutive values recorded in the salinometer log defy this explanation. It is very unlikely that successive flushing and re-filling of the cell would trap the same amount of air in the same place, as required to duplicate the salinity to better than 1 ppm. Unfortunately, one cannot tell from the log whether the cell was actually flushed and re-filled several times between readings.

Correction of Salinity Values for IOS Cruises 2001-22, 2001-21 and 2001-23
The samples acquired below 300-m depth indicate that a correction of + 0.0035 must be added to the initially calculated salinity. The salinity of such samples ranges between 34.7 and 34.95. The table below illustrates the effect of scaling conductivity ratio by a cell factor that generates the +0.0035 additive correction required for deep samples. The T & S values at levels above 300 m are typical of the 2001-22 cruise. The additive correction ranges from 2.5 ppm at the surface to 3.5 ppm at depth. 

Since the change in the additive correction over the profiles is modest for this cell factor (1.000 091), a constant additive correction will be to all values of salinity from this cruise.
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Sea Bird 04-2232

Conductivity function (15-Feb-2002)

Change since 22-Dec-2000

Equivalent to adding 15.4 ppm

to salinity calculated using

calibration from Dec-2000


CTD data were acquired with the same SBE25 during adjacent scientific legs of cruise of the CCGS Sir Wilfrid Laurier, namely 2001-21 and 2001-23. Samples were acquired for salinity analysis on these legs, but in general they were acquired at depths much less than 300 m. In the expectation that the data from shallow depths will be poorly suited to CTD calibration, it is recommended that the same calibration correction (+0.0035) be used for the profiles from these shoulder cruises as for those acquired during the better documented middle cruise, 2001-22.
  01/11/28   17:29,  0.966414, 33.6825,  343


 01/11/29   14:58,  1.271028, 45.9276,  000


 01/11/29   14:58,  1.271002, 45.9257,  000


 01/11/29   14:58,  1.270992, 45.9255,  000


 01/11/29   14:58,  0.999883, 34.9967,  000


 01/11/29   14:58,  0.999925, 34.9974,  000


 01/11/29   14:58,  0.999936, 34.9976,  000


 01/11/29   14:58,  0.999956, 34.9983,  000


 01/11/29   14:59,  0.999926, 34.9970,  000


 01/11/29   14:59,  0.999932, 34.9972,  000


 01/11/29   14:59,  0.999932, 34.9972,  000


 01/11/29   14:59,  0.999931, 34.9973,  000


 01/11/29   15:05,  0.985830, 34.4431,  344


...


... 


 01/11/29   18:13,  0.942164, 32.7354,  438


 01/11/30   10:22,  0.999912, 34.9965,  000


 01/11/30   10:22,  0.999915, 34.9966,  000


 01/11/30   10:23,  0.999911, 34.9965,  000


 01/11/30   10:23,  0.999908, 34.9964,  000


 01/11/30   10:28,  0.956338, 33.2881,  439








� The broadening of the distribution that masks the secondary mode within the halocline reflects limitations of rosette technology for sampling in hydrographic gradients. The Niskin bottles capture water from the turbulent wake of the rosette, which contains fluid from distances as much as 15 m behind the rosette.





Humfrey Melling, 3 June 2003

