Cruise 9309: Line P, May, 1993


CTD Calibrations


Summary of CTD Operations


A total of 56 casts were completed using two CTD’s from the Strait of Juan de Fuca to Station P(50N, 145W) returning along Line R to the southern Queen Charlotte Islands. Nine casts were calibrated by Rosette bottle salinities.


This was one of the first cruises using the Guildline WOCE CTD and General Oceanics Rosette combination. The problems encountered are given in detail in the attached report from Nick Hall-Patch who was under contract to operate the CTD on this cruise. The main problems affecting CTD calibration were the development of a leak in the conductivity sensor at station P22, cast #22 and P23, cast #23. These casts were salvaged but their salinites are no better than ±.02 and have discontinuities. The alternate CTD #58483 was used for stations P24, P25, P26, P35 and R14 while the WOCE CTD was being repaired and checked. Shortly thereafter, a bad power connector joining the CTD to the sea cable gave some problems which offset the salinities by -.005 for 8 casts and resulted in some power drop-outs. The connector was not changed but was re-greased frequently apparently giving better performance for the last 20 casts of the cruise. The damaged connector was replaced after the cruise and was found to have a broken wire inside its potting compound. 


The use of this type of connector was discontinued on all sensor assemblies.





Guildline WOCE CTD, Model 8737


This instrument was used for most of the casts during this cruise.


Pressure


Pressure calibrations and field checks indicated that no correction was necessary to this sensor.


Temperature


The precruise calibration was done on May 11, 1993 and resulted in the following calibration constants:�     a0= -6.0739�     a1= 7.743155E-05�     a2= 2.48443E-13


The post cruise calibration indicated a temperature correction of -.002. This correction was used to process data throughout the cruise.


The reversing thermometers on the deep bottle, T572 and T679, were corrected according to the Mar., ‘93 bath calibration. The corrected results corresponding to the data in the contractor’s report indicated good agreement, within .001 for except for one measurement, for the first part of the cruise up to station P23. Comparison with the thermistors on board the CTD show that all CTD temperature sensors maintained their calibration throughout the cruise; the difference ranging from -.003 to -.006 at the deep bottle samples. Apparently the reversing thermometers shifted by about .004 after station P23 which is consistent with their usual drift during a cruise.


Conductivity


The WOCE CTD has internal temperature sensors monitoring the electronics. These temperatures are used to add small corrections to the temperature and conductivity data to offset temperature effects. The corrections supplied by Guildline did not account for the full effect on conductivity as shown by the tests done by Nick Hall-Patch during the cruise. It was therefore necessary to generate new corrections to the conductivity based on Nick’s test. After reprocessing the data, small adjustments were made to this correction to bring about agreement with the bottles.


Because of the problems with conductivity, each cast with bottle samples was examined for agreement between the CTD and bottle salinities.  A “bulk correction” was determined using all bottles collected during the cruise and an “offset” was determined for each rosette cast to bring about close agreement with the bottles on that cast. These offsets are listed below. For the first part of the cruise, the trouble-free section before P20, this offset was not much bigger than .001 in salinity. At P23 it rises to -.078 to compensate for the conductivity cell leak and it is within ±.005 for the remainder of the Rosette casts when power connector problems were prevalent and growing worse according to the contractor’s report.





Rosette Stations


Station�
Avg(Sbott-Sctd)�
a0�
a1�
�
P04�
-.001�
-0.004596�
1.006699�
�
P12�
-.000�
-0.004582�
1.006699�
�
P16�
-.002�
-0.004612�
1.006699�
�
P20�
.003�
-0.004518�
1.006699�
�
P23�
-.078#�
-0.006182�
1.006699�
�
P26�
-.003�
-0.004643�
1.006699�
�
R16�
-.001�
-0.004592�
1.006699�
�
R09�
.002�
-0.004538�
1.006699�
�
J05�
.005�
-0.004473�
1.006699�
�
     # = salinities no good





Fit: Rfinal = Rcal*a1 + a0


“Bulk Calibration”: a0 = -.004580; a1 = 1.006699


Relative to the following calibrations


From May 26,’93 test: Nr = Nraw + (Ntref-22038.5)*.22


From pre-cruise cal: Rcal = (.002403 + Nr*3.3407e-6 + Nr^2 * 9.00122e-14) * .9998








For casts without bottles, the deep theta-S correlation was examined for offset corrections as listed below. As before, these corrections are very small in the first part of the cruise, rising to -.160 for station P22 and returning to the  ±.005 range for the latter part of the cruise.


CTD Only Stations


Station�
Salinity�Correction)�
�
P01 - P12�
-.000�
�
P13 - P16�
-.001�
�
P17 - P19�
-.001�
�
P20�
.003�
�
P21�
-.003�
�
P22#�
-.160�
�
P26�
-.003�
�
P41 - R17�
-.005�
�
R15�
-.003�
�
R13�
-.005�
�
R12 - R11�
.000�
�
R10�
-.004�
�
R09�
.002�
�
R08�
.000�
�
R07�
-.005�
�
R06�
-.006�
�
J05�
.005�
�
J04 - J0�
.000�
�
# = salinities no good





Accuracy


Temperature and pressure accuracy is good, ±.002 C and ±1 dbar.


Given the problems encountered during this cruise, full WOCE accuracy in salinity, ±.002, cannot be claimed beyond the first 21 casts. For casts 22 and 23 (stn.’s P21 and P23), the salinities show sudden jumps caused by the leak and should be discarded. 


For the latter part of the cruise, with corrections on the order of ±.005, the bottle comparisons lie with ±.003, almost WOCE accuracy.


Summary:


Starting with “.CNV” files created by the reprocessing of the raw files on Feb.1, 1996 (D:\9309\jan_96\*.cnv) incorporating the new correction for internal temperature�	use the calibrations listed in the following section;


	adjust the conductivity with the “bulk calibration”: a0 = .004580; a1 = 1.006699


	adjust the salinities for each cast according to the tables above.


To save some steps, the “bulk calibration” can be combined with the original calibratiion and salinity adjustment to produce calibrations for each cast.





�



Ocean Physics CTD 58483


Based on the starting pressures and the exit pressure on cast 27, the pressure correction is -3 db.


Calibrations were taken from a comparison cast at station P26 where a rosette cast was done with each of the CTD’s. It showed that CTD 58483 needed to be corrected by -.012 C in temperature.


After correcting the temperature, the salinities and potential temperatures were recomputed and a conductivity cell constant(slope correction), 1.00016, was found which brought the salinity into agreement with the WOCE CTD. The corrected salinity was then compared to the bottles collected on the upcast of the rosette cast with this CTD and agreement was within .005 in the surface mixed layer and water below the thermocline, P > 500 dbar.


Deep theta-S comparisons for casts without bottle salinities showed a tight correlation so the bottle cast calibration was applied to the other four casts with this instrument.





Summary:


	Pnew = Pold -3	dbar


	Tnew = Told -.012	degC


	Rnew = Rold * 1.00016


Accuracy


From the limited information available, the accuracy for both temperature and salinity is estimated to be ±.005.


�
Calibrations used in re-processing


Corrections noted in the above discussion are relative to the calibrations below which were used in the re-processing  of the cruise.





WOCE CTD


th1off = .003    'put thermistor offsets here


th2off = .004


g#(0) = -.0000032


g#(1) = .0000001





U(0) = -6.0719 - .002        'TEMPERATURE


  U(1) = 7.743155E-05


U(2) = 2.48443E-13





  V(0) = .002403         'CONDUCTIVITY


  V(1) = 3.3407E-06


  V(2) = 9.00122E-14


  cellk = .9998


RAWDATA&(0) = RAWDATA&(0) - .22 * (TREF - 22038.5)


      RAWDATA&(1) = RAWDATA&(1) * (1 + 2.93E-07 * TREF) + .136 * TREF


therm1raw = RAWDATA&(8) + ((-.087 * TEMPERATURE + 2.428) * .001954 * TPROB


E) + ((16.42 - TEMPERATURE) * (-.6431)) + 7.537


      therm2raw = RAWDATA&(9) + ((-.05771 * TEMPERATURE + 1.9037) * .004227 * TP


ROBE) + ((15.66 - TEMPERATURE) * (-2.181)) + 22.3





      'calculate thermistor resistance


      rt1 = 275225 - 3.796734 * therm1raw


      rt2 = 272531 - 3.769318 * therm2raw


th1 = thermtemp(6.268122E-04, 2.265378E-04, 6.844999E-08, rt1, th1off)


      th2 = thermtemp(6.140083E-04, 2.289684E-04, 6.431121E-08, rt2, th2off)








OP CTD (#58483)





Variable


�
Offset�
Slope�
�
Pressure�
0�
3000�
�
Temperature�
.0043�
.9995�
�
Ratio�
-.0003�
1.0000�
�



�
Stations


Lat�
Long�
consec#�
Stn�
�
4834.475�
12530.045�
1�
P1_1�
�
4836.092�
12600.027�
2�
P2_1�
�
4837.61�
12620.31�
3�
P3_1�
�
4838.953�
12639.964�
4�
P4_1�
�
4841.40 �
12709.68�
5�
P5_1�
�
4844.93�
12740.152�
6�
P6_1�
�
4846.435�
12810.536�
7�
P7_1�
�
4849.02 �
12839.95�
8�
P8_1�
�
4851.409�
12910.137�
9�
P9_1�
�
4853.593�
12940.165�
10�
P10_1�
�
4855.98 �
13010.11�
11�
P11_1�
�
4858.11�
13040.011�
12�
P12_1�
�
         �
          �
13�
P13_1�
�
4907.342�
13239.9�
14�
P14_1�
�
4912.08�
13339.93�
15�
P15_1�
�
4919.0222�
13444.105�
16�
P16_1�
�
4920.948�
13540.028�
17�
P17_1�
�
4926121�
13640193�
18�
P18_1�
�
4930.117�
13740.092�
19�
P19_1�
�
4933.601�
13839.824�
20�
P20_1�
�
4938.085�
13940.061�
21�
P21_1�
�
4942.06�
14039.89�
22�
P22_1�
�
4945.986�
14140.208�
23�
P23_1�
�
�
�
24�
P24_1*�
�
�
�
25�
P25_1*�
�
�
�
26�
P35_1*�
�
�
�
27�
P26_1*�
�
5000.061�
14500.021�
30�
P26_2�
�
50 00.14 �
145 00.48 �
32�
P26_3�
�
5027.09 �
14459.95�
33�
P41_1�
�
5054.05�
14500.08�
34�
P32_1�
�
5053.98 �
14334.45 S�
35�
P33_1�
�
5053.833�
14417.037�
35�
P49_1�
�
5055.696�
14301.074�
37�
R20_1�
�
5057.807�
14219.815�
38�
R19_1�
�
5059.94�
14139.02 S�
39�
R18_1�
�
51 02.173�
140 56.069�
40�
R17_1�
�
51 04.08 �
140 14.19 �
41�
R16_1�
�
5105.972�
139 30.516�
42�
R15_1�
�
�
�
44�
R14_1*�
�
51 11.017�
138 06.210�
45�
R13_1�
�
51 13.061�
137 23.131�
46�
R12_1�
�
51 15.02 �
136 40.38 �
47�
R11_1�
�
51 17.027�
135 57.978�
48�
R10_1�
�
51 19.034�
135 15.025�
49�
R09_1�
�
51 21.288�
134 32.781�
50�
R08_1�
�
51 23.654�
133 49.676�
51�
R07_1�
�
51 25.50 �
133 06.64 �
52�
R06_1�
�
51 27.513�
132 23.956�
53�
J05_1�
�
51 35.67 �
132 06.41 �
54�
J04_1�
�
51 43.44 �
131 50.14 �
55�
J03_1�
�
51 47.56 �
131 40.72 �
56�
J02A_1�
�
51 51.753�
131 31.874�
57�
J02_1�
�
51 56.145�
131 22.856�
58�
J01A_1�
�
52 00.035�
131 14.096�
59�
J01_1�
�
52 02.132�
131 10.364�
60�
J0_1�
�
* Opctd, #58483�



Contractor’s Report


by Nick Hall-Patch


Operation of CTD/Rosette systems on Cruise #9309


Nick Hall-Patch


Overview


Although data was successfully gathered by the Guildline 8737 (WOCE) CTD/Rosette system at most stations on line P and line R, several problems occurred.   The conductivity cell needed to be rebuilt after failure at P22, and data drop-outs became an increasing concern towards the end of the trip.  In addition, deck unit power supply failures occurred due to a short circuit at the end of the sea cable, and to the increasing unreliability of the CTD power connector. It also seems fairly certain that the correction for the temperature drift of the CTD's electronics is no longer valid; this was indicated by tests with dummy sensors at sea, as well as by analysis of the data from the CTD's copper thermometer compared with that from the CTD's thermistors. 


There also seemed to be some problem with the WOCE computer's D drive, as it often returned error messages when one attempted to copy files.


Hardware Problems and Observations


Conductivity Cell: 


On the cast at station P22, salinity values were observed to be offset by up to 0.1 ppt at depth.  Upon recovery, the conductivity cell was observed to have small particles around one of the electrodes, so these were flushed out.  However, the cast at station P23 showed even worse salinity variations, including wandering values on the upcast.  There was no replacement conductivity cell available, so the only option was to attempt to rebuild the WOCE CTD's conductivity cell.  While this was being done, casts at P24, P25, P35 and the first Rosette cast at P26 were being handled by the backup Guildline 8715 CTD.  The cell was rebuilt by cutting off all the protective Tygon tubing, resoldering connections to the cell electrodes, renewing the Tygon tubing and filling the tubing with Darina grease.  Water was observed inside the tubing around the black wire to the cell, and the soldered connection did not appear to be in very good shape.  In addition, the electrode mounts connected to the red and to the black wire were missing the small O-rings found on the other two electrode mounts.  (John Love says that these cells don’t use O-rings; that the material we saw was remnants of  a glue used to bind the platinum wire to the Teflon housing.)  The cell was successfully put back in service at P26 and gave no more problems.�



Data Transmission:


Data transmission was observed to freeze up occasionally on the casts at P22 and P23, and the deck unit would need to be switched off, then switched back on again to restart the data stream.  When the CTD was put back into service at P26, there were no longer any data drop outs.  Two changes had taken place at this point.  The conductivity cell had been rebuilt, and we had gone back to using the cable on the #329 winch from that on the Lantec winch. It was speculated that the old cable on the Lantec had deteriorated sufficiently to cause momentary breaks in the data stream (not enough to cause the deck unit to power down), which would cause the CTD to stop sending data.


Unfortunately, data drop-outs again began to occur at R15, sometimes with the deck unit powering down as well.  It was found that jiggling the bulkhead E.O. power connector on the CTD would cause the deck unit to power down.  (The deck unit senses a break in continuity in sea cable circuit and shuts itself down until one manually switches it back on again).  Putting an oscilloscope probe on the sea cable input to the deck unit showed that a data drop-out occurred when the CTD stopped sending data, and that there was no apparent problem in communication between the deck unit and the acquisition unit computer.  The bulkhead connector was not replaced as it would have involved opening up the CTD, and there were not that many stations left before the completion of the cruise.  Instead, the connector was frequently cleaned and regreased which seemed to help hold the communications problems to a minimum, i.e. we could get at least one cast free of communications failure after cleaning and regreasing the connector, although power drop outs continued to occur if the CTD was subjected to any slight shock, such as a jerky deployment.


Consequences of a short circuit in the sea cable:


During cast P26_2, a short circuit occurred in the female E.O. connector at the end of the sea cable.  This was evidenced by arcing damage to the male connector which fitted into it from the Rosette.  The first evidence however was the complete failure of the 8737 CTD's deck unit during this cast.  The cast was aborted, and it was found that the deck unit would not deliver any voltage even with no load at all (the deck unit normally delivers a voltage with no load if the probe "on" switch is held up while output voltage is measured).  It was found that one of the (undocumented) power line fuses had failed.  Once this was replaced and the connectors on the sea cable and Rosette had been replaced, the deck unit worked again.  However, it seems strange that the power line fuse rather than the sea cable fuse should blow when there is a short circuit in the sea-cable.  It implies that the sea cable fuse is not providing much protection to the rest of the deck unit circuitry in the event of a short circuit at the deck unit output.�



Temperature Drift of the Electronics:


Before the cruise, the CTD was operated with dummy sensors in place of the copper thermometer and the conductivity cell.  On May 20th and May 26th, similar tests were run at sea.  The data resulting from these tests were run through the woce_cnv program, and the raw data (after compensation) noted:





           Temperature raw data         Conductivity raw data


                  50 ohm    46.4 ohm       150 ohm    100 ohm





12 May   294207     74382            228640        342347      (MAY12TST.*)





20 May   294207     74434-491     228610        342305      (MAY20TST.*) (this is too large to put on a floppy disk)





26 May                     74458     "CTD cold"         342192      (MAY26TST.*)


                                 74480     "CTD warm"       342282





The 26 May tests were performed when it was realized that there was some variation in the figures from May 20 compared with the initial tests.  In the 26 May tests, dummy sensors were plugged into the CTD immediately after it came out of the water and it was at its coldest.  The CTD was then run until the next cast, gradually becoming warmer as it lay on the deck.  Just before the next cast, the values from the dummy sensors were recorded.  The variation between cold and warm CTDs is significant when converted to temperature and conductivity.  Temperature would vary over 17 mK using the above raw data, and conductivity would vary between 1.155860 and 1.156177 which would deliver a salinity variation of 0.015 ppt if temperature remained constant.  Assuming that the conversion program is operating properly, it would appear that the raw data correction for temperature and conductivity is no longer valid. 


Operation of the back-up 8715 CTD:


The Ocean Physics 8715 CTD  was taken along on this trip as a back-up and was used at stations P24, P25, P35, R14 and was also used for the first Rosette cast at P26.  This CTD worked without any problems, and in conjunction with the stock Rosette deck unit, was able to successfully trigger Rosette bottles, thus providing a useful back-up for the 8737 CTD/Rosette system.  However, there were discrepancies between deep water temperatures derived from the 8715 CTD data and the 8737 CTD data gathered at P26, on the order of  8 to 22 mK.





P26 depth  	8715 CTD temperature		8737 CTD temperature





1500m		2.350					2.372


2000m		1.958					1.964


2500m		1.728					1.744


3000m 		1.590					1.601





(the above figures eyeballed from the sample conversion files)





A different cable arrangement was assembled for the back-up Rosette triggering system.  When the cables were changed, it was noted that the bulkhead connector on the underside of the Rosette pylon was damaged and that the pins were bent.  


Data processing problems and observations


The conversion program: 


The woce_cnv conversion program seemed to work as intended throughout most of the cruise.  However, right at the beginning, it was noted that a couple of the data files did not process properly.  This appeared to have been due to an incorrect variable name in the main program (under 'compute calibrated values of main sensors) which meant that erroneous large positive pressure values would hang up the program.  This variable name was changed in the program and the change documented.


Copper thermometer data:


For each cast, all copper thermometer temperatures were compared to the average of the two thermistors as a means of checking that the sensors were working correctly.  Unfortunately, the copper thermometer tended to be -10 mK compared with the thermistors at the surface and about -6 mK at depth.  Meanwhile the thermistors tracked each other within +/- 2 mK.  This overall pattern continued for all CTD casts throughout the cruise.  CHRT17CU.XLC and CHRT17TH.XLC illustrate these differences.


In addition, there was a slight anomaly in the difference between the copper thermometer and the thermistors depending on whether the CTD was being used alone or was being used with the Rosette.  The above figures are virtually the same for all CTD casts.  However, when the CTD was used with the Rosette, the difference between the copper thermometer and the thermistors was about -4 to -6 mK at the surface tending towards -4 to -5 mK at depth, and then returning to about -2 mK at the surface at the end of the cast.  The thermistors tended to be +/- 2 mK in relation to each other.  CHRT16CU.XLC and CHRT16TH.XLC illustrate these differences.


This difference appears to be determined by the orientation of the CTD.  A CTD alone cast was done with the sensors above the pressure case, but the CTD when mounted on the Rosette has the sensors below the pressure case.  The dependence on orientation rather than the proximity of the Rosette to the sensors was determined by doing two CTD casts at P26, one with the CTD in its conventional configuration (sensors up) and one where the CTD was in a harness so that it could be dropped with the sensors facing downward.  CHRT#1CU.XLC and CHRT#1TH.XLC illustrate the standard CTD configuration (taken from fileTST#1P26.xls) and CHRT#2CU.XLC, CHRT#2TH.XLC, CHRT2ACU.XLC and CHRT2ATH.XLC illustrate the CTD in its "upside down" configuration (taken from TST#2P26.xlsand TST2AP26.XLC).  TST#2P26 is a cast to 800 m at 1 m/sec, while TST2AP26 is a continuation of TST#2P26 which started after the CTD was taken back up to 300m then sent down to 3000 m at 1.5 m/sec.  The difference seems too large to be due to the conversion program's offset correction for the spacing between the copper thermometer and the thermistors.


	It was noted at the start of the cruise that the clear tubing leading up to the copper thermometer had practically no grease in it.  As it should normally be filled with grease, there might be some cause for concern here.


Salinity data:


The differences between bottle salinity (taken from the Rosette samples) and the CTD calculated salinity is illustrated in the file BOTTLE.XLS, and in the graphical files RLINEERR.XLC and PLINEERR.XLC.  The differences in cast P23 are quite large and unpredictable due to the failure of the conductivity cell during that cast, but the others appear relatively predictable on a cast by cast basis.  (P22 will also have bad salinity computations due to the failure of the conductivity cell on that cast also.) However, there is some change in overall salinity offset from one Rosette cast to the next as illustrated in the charts.  The conductivity cell had a weak mixture of 1% hydrochloric acid, methanol and detergent in water placed in it whenever it was not being used, but there was still some variation from cast to cast.  Through most of the cruise, there was no observable deposit on any of the electrodes, perhaps due to the use of this cocktail.  These offsets may be useable to correct salinities of the casts in between the Rosette casts, even if there is some question concerning the accuracies of the temperature and conductivity conversions.


Checks with digital thermometers:


In BOTTLE.XLS, there is also a record of the differences between the copper thermometer and the digital thermometers which were used as checks on the Rosette casts; note that in casts P20 and R09, the digitals were not used (due to oversight).  The digital thermometers had not been calibrated previous to the cruise, so were really only useful for checking on sensor drift.  The digital thermometers used most consistently, T572 and T679, were generally used between 2600 and 3000 metres deep.  They generally had a 7 mK offset between them (T679 being the warmer) except for the last cast at J5 when a 14 mK offset appeared.  





station    T572-CU      T679-CU         T572-TH         T679-TH


P4               -0.012          -0.005             -0.015               -0.008


P12             -0.010          -0.002             -0.015               -0.007


P16             -0.012          -0.005             -0.018               -0.011


P20


P23             -0.009          -0.002             -0.013              -0.006


P26_3         -0.006          -0.0006           -0.012              -0.007


R16             -0.007          -0.0002           -0.013              -0.006


R9


J5                -0.007          +0.007            -0.012              +0.002





T572-CU indicates that digital thermometer's value minus the copper thermometer at the moment of the bottle's being tripped (from the .BOT file associated with that cast), and T572-TH indicates that thermometer's value minus the thermistor average value as eyeballed from the .SUB file associated with that cast.  Note the decreasing differences as the cruise progessed; this was not observed particularly when looking at the differences between the copper thermometer and the thermistors.


The WOCE computer:


There were a number of "sector not found drive d:" , and "data error reading drive d:" messages encountered when using this drive of the computer.  In addition, it often took quite a while to read files, and Excel crashed frequently, necessitating departure from Windows.  Bernard Minkley attempted to clean up the disk using Norton disk doctor; this was a time consuming exercise, and the error messages continued to crop up after he was done.


�
Conclusions and Recommendations


--there should be conductivity cell and copper thermometer replacements sent along with the 8737 CTD whenever it is used, as it has different connectors from the stock sensors.  An adequate spares kit should be made up, rather than picking up a number of  parts at the last minute and hoping that they will be adequate.


--the two O-rings missing on the arms of the conductivity cell should probably be replaced as their lack may have been the cause of the cell breakdown, if in fact O-rings are required (they may not be according to John Love)


--a new bulkhead power connector should be installed on this CTD.  The present connector may have deteriorated due to the bending caused by the nearby thermistor housing.  Is the present type of power connector the type to continue with or should we be looking at one more impervious to sea water entry, especially as data communications seem so sensitive to even the hint of continuity breakdown or short circuit.


--it is not 100% certain that the connector was the cause of all the data communications problems, but its replacement would be a good starting point


--the circuitry associated with the copper thermometer and conductivity cell should be looked at again.  Otherwise, it looks as if compensating for the electronics temperature drift is going to be an integral part of every calibration.


--the Impulse connector underneath the Rosette pylon should be replaced as it is cracked, and the pins have been bent.


--part of the pre-cruise calibration for this unit should be the calibration of two pairs of digital thermometers, one for use at depth, and one for use in the mixed layer, in order to be able to check the CTD temperature sensors right away.


--a checklist for Rosette preparation should be created, to avoid such problems as forgetting to set the digital thermometers.  


--the WOCE computer should be examined for possible repair, especially if the warranty is still good.


--a cable still needs to be made to connect the Rosette deck unit to the 8715 deck unit; a “borrowed” cable was used when this back-up system was run.


--the 87108 deck unit (for the 8737 CTD) should  have some form of current limiting in place at its output if possible, rather than blowing powerline fuses in the event of a short circuit in the sea cable.


--it might be advisable to log  “Reference” and “Ground” from the 8737 CTD (channels 14 and 15), if they drift, then everything else will drift also, though they have not been a problem so far.  They could be logged quite infrequently, and still provide useful information.�
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