WOCE Line P15N: CTD Calibrations



The P15N data was calibrated and processed to the stage of one metre average files using laboratory calibrations done before and after the cruise. The data were then examined for changes which may have occurred during the cruise, consistency between the three CTD’s used and agreement with bottle salinities. The findings are given  below.

Instruments

The three CTD’s used were all Guildline CTD’s, the primary instrument being the WOCE model (WOCE CTD) which was used for most of the deep casts using the 24 bottle rosette. The 12 bottle rosette used for shallow casts was equipped with a standard Guildline Digital CTD (OP CTD sn 58483). In weather too rough for launching a rosette, a modified Guildline Digital CTD was used (CTD6).



WOCE CTD, Guildline Model 8737 , SN 59901

This CTD was used for most of the casts in this cruise usually mounted in a bottle slot on a custom made 24 bottle rosette. It was interfaced to a GO pylon which triggered the 10-liter bottles in the 23 remaining slots; data gathering was not interrupted by the bottle triggers. Sensor data was digitally compensated for the effects of the electronics temperature which was monitored at all times. Additional sensors were a “load cell” giving the wire stress at the Rosette and two thermistor temperature sensors logged every half second.

Pressure

The Paros pressure sensor model 410K-101, Serial No. 50395 was calibrated on May 1, 1994 against a factory calibrated reference Paros pressure sensor. The correction was -1 ±1 dbar for the entire range with no hysterysis. No correction was applied.

Temperature

Temperature calibrations are referenced to the triple point of water(.01°C) and the triple point of phenoxybenzene(26.868°C, IPTS-68, National Physical Laboratory, UK). Interpolation was done by a set of six reference thermistors calibrated at the National Research Council of Canada’s temperature standards lab. The thermistors were offset to match their calibrations at the triple point of water. Slope changes to match the high temperature triple point amounted to a change of -.0019°C at 30°C, the highest temperature measured.

The main temperature sensor is a copper resistance thermometer, SN 51429. Through three years of use this sensor has been stable ±.0065°C with no slope correction necessary. It was calibrated in May, 1994 giving an offset of -.005°C and in Jan., 1995 giving an offset of -.0065°C. Calibration shifts were tracked by two complementary calibration thermistors using a separate housing, interfacing and digitizing circuitry and scanned every half second. These sensors are slower than the main sensor and were corrected for a 3 second time constant. Data from low gradient regions, deeper than 2000 m, were used to track any calibration shifts which occurred during the cruise.

�

Fig. 1. Post cruise temperature calibration.

Because of factory changes in the internal circuitry done between the pre-cruise calibration and the start of the cruise, the post-cruise calibration was used and changes to the main temperature sensor were back-tracked using the calibration thermistors. 

Six digital SIS reversing thermometers were used on the rosette as an additional check. Of these, one failed to track the other sensors and others showed a tendency to drift to lower temperature. Three, #451, #647 and #679 were chosen by their consistency with each other and the reference thermistors and the fact that they were used in low gradient regions below 2000 m where time constant problems were minimal. Calibrations on the reversing thermometers were done in March ‘94.

Temperature Corrections

Using the post-cruise calibration, new corrections for internal electronics temperature were computed for temperature(Tmain), conductivity and the two reference thermistors (th1 and th2). Calibration constants were determined as follows and used to re-process the data:�____________________________________________________________________

g#(0) = -.0000032               ‘CONDUCTIVITY CORRECTION FACTORS FOR P AND T

g#(1) = .0000001



U(0) = -5.91775 - .0065       'TEMPERATURE

U(1) = 7.7834E-05 / 2

U(2) = 1.92916E-13 / 4



V(0) = -.000519#                 ‘CONDUCTIVITY

V(1) = 1.69181E-06

V(2) = 0

cELLK = 1!        ‘CELL CONSTANT TO BE ADJUSTED FOR BOTTLE SALINITIES

Nref = rawdata&(13) - 3956   ‘Nref IS PROPORTIONAL TO ELECTRONICS TEMP.

Nc& = rawdata&(0) + Nref * (-.472)	Conductivity

Nt& = rawdata&(1) + Nref * 1.24		Temperature

TEMPERATURE = calctemp(U(0), U(1), U(2), Nt&)

conductivity = calccond(V(0), V(1), V(2), Nc&) * (1 + g#(0) * TEMPERATURE + g#(1) * PRESSURE) * cELLK

therm1raw = rawdata&(8) + (-.0545) * TREF

therm2raw = rawdata&(9) + (-.04) * TREF



  'calculate thermistor resistance(ohms) according to post P15n cal.

rt1 = 3591.57 - 6.540890000000001D-02 * therm1raw

rt2 = 3628.768 - .0766183# * therm2raw



th1 = thermtemp(.00101711365#, .000294395858#, .00000015683113#, rt1, th1off)

th2 = thermtemp(.00104554083#, .000290301739#, .00000015888418#, rt2, th2off)

'3 sec. slower thermistors. So with a +ve rate of change, they read colder.

  thermdelt = 3 * tgrad     'look back by one time const. diff.



    'the thermistors are -.13 m below the Copper T sensor.

  IF dz > 0 THEN ZOFF = -.13 ELSE ZOFF = .13

  IF ABS(dz) > .14 THEN thermdeld = -ZOFF * tgrad * dt / dz ELSE thermdeld = 0

    'total correction to thermistors is:

  thcorr = thermdelt + thermdeld

tcomp = TEMPERATURE - ((th1 + th2) / 2 + thcorr)

PRINT #3, USING fprintf$; rawdata&(41); PRESSURE; TEMPERATURE; SALINITY; conductivity; th1 + thcorr; th2 + thcorr; TREF; temp; TCOMP; Frame(KK)

__________________________________________________________________�In a typical cast starting at close to 30C and ending close to 1°C, the internal temperature monitor, Nref, will change by about 350 units. Over this range, corrections are as follows:�	Tmain: (350*1.24*7.7e-5/2) = .016°C

	Cond.: (-.472*350*1.69e-6) =  -.000279(-.0159 in salinity)�	Th1:     (-.545*350*.065) = 12.3 ohms  (.061 °C in temperature)�Comparisons for calibration purposes were generally made in water deeper than 2000 m where changes in Nref are much smaller than 350 units, typically 30 units. 

Using the re-processed data, the average difference between th1 and Tmain were computed for each cast only for data below 2000 dbars. Fig. 2 shows the difference between the thermistors and the main temperature sensor in a typical cast.  For the last 26 casts, th1 and Tmain agreed within .001C so the post cruise calibration was deemed valid for these casts. Systematic changes in the comparison through the course of the cruise were attributed to the main sensor because of its more sensitive construction. However, it was noticed that the correction was different for down and up casts by about .001°C and different by about .0049°C depending on whether or not the load cell used to monitor line stress at the Rosette was attached. These offsets were very stable and consistent, Fig. 3.  Removal of the load cell also removed the difference between down and up casts and resulted in good agreement between the CTD sensors and reversing thermometers, see Fig. 3. Although this effect has not been fully explained, tests in the shop show that there appears to be some interference between the sensors and the load cell. Work is proceeding to eliminate it but, for the purposes of this cruise, a compensating offset was applied.

�

Fig. 2. Difference between the thermistor and the main sensor temperatures.

Although Thermistor 2 was in good agreement(±.002°C) with thermistor 1, it did not fit the calibration bath thermistors or the main sensor as well as Thermistor 1. So Thermistor 1 was used to track calibration shifts during the cruise. Its temperatures were offset to compensate for the . 0049°C shift on casts with the load cell, the majority of the data.



The temperatures measured by the reversing thermometers were corrected according to their calibrations of March, 1994 and compared with Tmain (corrected for high and low triple points). There was a great deal of scatter in the comparisons so once again comparisons were limited to depths below 2000 m and three of the sensors were eliminated because of apparent drift problems or the depth limitation already mentioned. The remaining three (#451, #647 and #679) were in good agreement with the corrections determined by Thermistor 1 although #647 had apparently drifted by about .003C by the end of the cruise. A spot check on #647 a year later showed a change of .005C at low temperature. In general, these sensors are not as stable as they should be and some further work is being done to remove solder flux from the sensor areas. More frequent calibrations are also necessary.

�

Fig. 3. Final temperature corrections after adjusting for the effect of the load cell.�	Down casts are used for WOCE profile data.�

Conductivity

The conductivity sensor is a 4-electrode Guildline Pyrex glass sensor. Conductivity data was corrected for the effects of pressure and temperature on Pyrex glass(Bennett, A. S., 1976, Conversion of in situ measurements of conductivity and salinity., D.S.R., vol. 23, pp. 157 to 165.); conductivities derived from bottle salinities were used to correct the cell constant as described below.

Calibration samples were drawn from the 10-liter Niskin bottles into Pyrex bottles and analyzed within a few days on board. Bottle salinities were determined using a Guildline Portasal salinometer referenced to Batch P121 standard seawater. The internal precision of the Portasal exceeds ±.001°C in salinity. Duplicate samples to test the precision of the procedure agreed with in .002°C. Other sources of error include sampling errors and mis-triggers and are thought to be either small or to have been corrected by visual inspection of outliers in the resulting salinity and chemical data. After determining the temperature corrections above and recomputing salinity, comparisons were made at the bottle points.

Upcast and downcast salinities were compared to bottle salinities and systematic pressure-dependent trends were removed. For the downcast data, an additional correction of P*(3E-8) was added to the conductivity to account for a small pressure dependency. For the upcasts, the trend was removed with a correction of P*(-1E-8). Possible causes of this effect are errors in the compensation for internal temperature, possibly due to thermal transients which would be stronger on the downcast.

In order to compare with bottles collected on the upcast, down cast salinities were interpolated to the matching upcast temperature to compensate for the vertical movement caused by internal waves during the roughly 3.4 hours of a cast. This was done by comparing temperatures in the appropriate depth range and offsetting salinity to the bottle temperature using the local TS slope estimated over a 10 dbar range. A careful processing, shown in the table below, of an example cast, #97, produced salinity agreement ±.002°C from 5826 dbar to 200 dbar. Higher errors near the surface are expected because of the instability of the water column, including the TS correlation.



Table 1. Hand processing of a typical down cast removes the effect of internal waves by interpolating to the temperature at which the bottle was triggered on the up cast. Agreement between bottle salinity and CTD salinity is good from 200 dbar down.�

��P15N�����������Cast 97���������BOTTLE�DEPTHS��(add .0078-.0015 to correct cruise T to T1ma, corrected.)����������up cast data����down cast data����Salinity�Error��Up P�Cruise T�Corr. T�T(P-5)�T(P+5)�S(P-5)�S(P+5)�Sinterp�Sbott�Bott-Interp��11.56�23.0931�23.0994�23.07697�23.07167�34.59999�34.57936�34.68732�34.5555�-0.13182��49.02�16.0177�16.024�16.48648�15.08266�34.46396�34.44395�34.45737�34.3999�-0.05747��100.18�12.8362�12.8425�12.8824�12.66911�34.38542�34.36216�34.38107�34.3713�-0.00977��199.96�10.8816�10.8879�11.10231�10.90042�34.21864�34.18872�34.18687�34.1845�-0.00237��299.91�10.0152�10.0215�10.20157�10.08747�34.19784�34.1877�34.18183�34.1822�0.000369��399.98�8.6104�8.6167�8.464675�8.272387�34.08092�34.06794�34.09119�34.0905�-0.00069��601.26�5.4378�5.4441�5.278873�5.119783�34.00744�34.01951�33.99491�33.998�0.003088��799.94�4.0703�4.0766�4.089046�4.046349�34.16306�34.17121�34.16544�34.1641�-0.00134��1000.49�3.4009�3.4072�3.405389�3.37939�34.29684�34.30184�34.29649�34.294�-0.00249��1250.35�2.8679�2.8742�2.842024�2.819325�34.42956�34.43389�34.42342�34.421�-0.00242��1499.69�2.4731�2.4794�2.461347�2.439049�34.51694�34.51789�34.51618�34.5127�-0.00348��1750.54�2.1319�2.1382�2.145267�2.136668�34.56895�34.57033�34.57008�34.5699�-0.00018��1999.78�1.9248�1.9311�1.92798�1.919581�34.60301�34.60434�34.60251�34.6014�-0.00111��2250.18�1.7762�1.7825�1.77219�1.76839�34.62828�34.62888�34.62667�34.6259�-0.00077��2499.08�1.6601�1.6664�1.663897�1.661197�34.64509�34.64527�34.64493�34.6433�-0.00163��2748.77�1.5847�1.591�1.594001�1.590901�34.65649�34.65697�34.65695�34.6582�0.001246��2999.49�1.5395�1.5458�1.543304�1.542004�34.66485�34.66508�34.66443�34.6643�-0.00013��3500.81�1.4817�1.488�1.489108�1.487808�34.67585�34.67623�34.67617�34.6767�0.000525��3998.45�1.4721�1.4784�1.479308�1.478308�34.68221�34.68241�34.68239�34.6818�-0.00059��4499.44�1.4903�1.4966�1.495207�1.495507�34.68624�34.68627�34.68638�34.686�-0.00038��4999.78�1.5273�1.5336�1.532005�1.532705�34.68889�34.68897�34.68908�34.6884�-0.00068��5499.6�1.5753�1.5816�1.580302�1.581402�34.69106�34.69094�34.69092�34.691�8.35E-05��5826.5�1.6071�1.6134�1.6129�1.6115�34.6914�34.6914�34.6914�34.6911�-0.0003�������������Bulk processing of the data using local TS slopes estimated over 40 dbars produced a similar improvement although not quite as much as the detailed processing of cast #97. Below is a plot of the cell constants computed from each bottle at or below 2000 dbars for the whole cruise. These cell constants were averaged for each cast in order to compensate for the small systematic and random differences between the casts. Differences from this average cell constant were computed for each bottle and are shown plotted below on the same graph.

�

Fig. 4. For bottles at 2000 dbar or deeper, differences from the average cell constant for each cast fall within .00005. The standard deviation is .00096 in salinity.�CTD6

This CTD was used as a backup to the WOCE CTD and is also equipped with a Paros sensor for accurate pressure determination. It was used by itself when the weather was too rough to safely launch the Rosette so there are not many bottle samples to use for comparison. However, at Station W108, it was used in a cast to 5000 m with a set of 11 bottles from 1750 dbar to 5000 dbar. These bottles were used to determine the cell constant. In addition to the comparisons to the on-board thermistors, the temperatures were compared to the adjacent casts at stations W107 and W109 to verify the temperature calibration (see the section on temperature). Finally, the TS properties of CTD6 casts taken near the end of the cruise were compared with the set of corrected WOCE CTD temperatures and their matching bottle salinities as shown below in the section on conductivity.

The initial calibration on which these changes take effect is given below:

__________________________________________________________________

*CALIBRATION

    $TABLE: RAW CHANNELS

    !Name                       Units           Fmla Pad    Coefficients

    !-------------------------- --------------- ---- ------ ------------

     Time_stamp                 none              10 n/a    (0 1)

     Temperature:Analog_Probe   n/a               10 n/a    (0 1)

     Voltage:reference          n/a                0 ' '

     Voltage:reference:2        n/a                0 ' '

     Temperature                'DEG C (ITS68)'   10  -9    (0 1)

     Conductivity_ratio         n/a               63  -9    (0 1)

     Pressure                   DBAR              10  -9    (-10 1)

     Temperature:thermistor1    n/a               34  -9    (4722.61 0.203168

                                                             0.1051772E-02

                                                             0.2894819E-03

                                                             0.155711E-06 0)

     Temperature:thermistor2    n/a               34  -9    (4826.07 0.2058

                                                             0.1027592E-02

                                                             0.2916148E-03

                                                             0.1542955E-06 0)

     Temperature:digiquartz     n/a               10  -9    (0 1)

     Temperature:2              n/a                0  -9

     Transmissivity             n/a                0  -9

     Conductivity_ratio:2       n/a                0  -9

    $END

__________________________________________________________________________________________________�Pressure

The Paros pressure sensor model 410K-101, Serial No. 50500 was calibrated before the cruise on Aug. 26, 1994. At 22°C, the pressure correction was -3 dbar and at 3°C, the pressure correction was 0 dbar. There was no hysterysis. No correction was applied beyond the -10 dbar correction from absolute to gauge pressure.

Temperature

The main temperature sensor is a copper resistance thermometer. It is complemented by two calibration thermistors in a separate housing using separate interfacing circuitry. These sensors are slower than the main sensor and serve to track any calibration shifts which may occur during the cruise. CTD6 agreed well with its second thermistor ±.002°C but not with the first which read .01C high. Thermistor 2 indicated an average correction of -.002°C.

Below is the temperature comparison at Stn. 108 which shows good agreement with the WOCE CTD values at adjacent stations (these were later corrected up by .001°C). At depths near 4000 dbar, the CTD6 temperatures seem to be a bit too high. Application of the above correction of -.002°C would bring the three casts into good agreement. Therefore, CTD6 temperatures were corrected by -.002°C.

�

Fig.5. Comparison of CTD6 temperatures with WOCE CTD temperatures.�Conductivity

Using the above temperature correction, bottle salinities were compared to the CTD values and an average cell constant was derived to produce good agreement between downcast #273 and the bottles collected on the corresponding upcast. Below is a plot of bottle salinities vs. temperature for Stn. 108 with three casts at this station (#273, #275 and #277) taken with CTD6 after the conductivities were corrected with a cell constant of .99984. There is good agreement with the bottles especially the deeper ones. Bottles from Stn 107 and Stn. 109 are shown for comparison.

�

Fig. 6. Deep rosette cast with CTD6. The cell constant was determined to be .99984.





CTD6 was used near the end of the cruise without the benefit of bottle salinities. Comparison with bottles collected on other casts done with the WOCE CTD are shown in the following TS plot, Fig.7. The effect of applying the cell constant of .99984 results in good agreement in TS space between the two data sources.

�

Fig. 7. Deep casts with CTD6 agree well with the WOCE CTD after corrections.

�Ocean Physics CTD(OP CTD)

This CTD was used mainly for casts with the 12-bottle Rosette to depths not exceeding 1500 dbar. Its main function was to provide temperature and pressure data for the bottles since each station was covered by full depth profile by one of the other CTD’s. Comparisons in the upper 1500 m of the water column with the other CTD’s showed a great deal of scatter due to water column variability so a lowered accuracy is claimed for this data. The calibration originally used was:

________________________________________________________________

*CALIBRATION



    $TABLE: RAW CHANNELS

    !   Name                 Units           Fmla Pad    Coefficients

    !   -------------------- --------------- ---- ------ ------------

        Pressure             DBAR              10 -99    (0 3000)

        Temperature          'DEG C (ITS68)'   10 -99    (0.47653E-01 0.99872)

        Conductivity_Ratio   n/a               10 -99    (0.62E-03 0.99898)

    $END

________________________________________________________________________________________

Pressure

The pressure sensor was calibrated before the cruise and during the cruise with a reversing pressure sensor. Of 25 calibrations, the average  offset determined by the reversing pressure sensor was -4.6 dbar with a standard deviation of 2.1 dbar. The pressures for this CTD were therefore offset by -4.6 dbar.

Temperature

The main temperature sensor is a copper resistance thermometer. Comparison with reversing thermometer #679 and #647 gave a mean correction of .0076C. The scatter on temperature comparisons as a result of water column variability suggests an accuracy of .007 for these data.

Table 2. In-Situ calibrations for OP CTD( sn 58483)

�REVERSING SENSORS���������Bottle�CTD�CTD�Bottle�Sensor�Sensor������Pressure�Temp.�Salinity�Trev�Prev�Trev, corr�Trev-Tctd�Prev-Pctd��#�(dbar)�(°C)�(psu)�(°C)�(dbar)�(°C)�(°C)�(dbar)��103�1002.97�2.994�34.3459�2.994�996.4�2.99924�0.00524545�-6.57��513�603.15�4.311�34.101�4.313�599�4.31847�0.00747693�-4.15��593�594.83�4.574�34.0393�4.571�593.3�4.57652�0.00252221�-1.53��671�496.05�6.363�33.9955�6.482�487�6.48785�outlier�-9.05��830�603�5.363�34.0015�5.372�598.2�5.37766�0.01466279�-4.8��910�598.42�6.124�33.9983�6.109�595.3�6.11479�-0.00920787�-3.12��944�600.3�6.284�33.9929�6.31�595.6�6.31582�outlier�-4.7��1001�599.02�5.899�33.9925�5.913�594.1�5.91875�0.01975773�-4.92��1058�795.6�4.201�34.1374�4.205�790.3�4.21045�0.00945798�-5.3��1115�799.5�4.31�34.1314�4.314�796.8�4.31947�0.00947711�-2.7��1172�601.88�6.306�34.0223�6.317�596.5�6.32863�0.01682863�-5.38��1229�1002.75�3.813�34.3584�3.822�997.3�3.82739�0.01439076�-5.45��1295�605.85�6.795�34.043�6.778�603.2�6.78390�-0.01109046�-2.65��2686�1000.35�4.667�34.5512�4.664�995.9�4.67579�0.00879269�-4.45��������averages�0.0074�-4.6��

Conductivity

As previously mentioned, bottle comparisons in the upper 1000 m produced noisy data. However, comparison of downcasts with corresponding up cast bottle data resulted in the following data for determining the cell constant for this CTD.

�

The low value for the first cast, which was at Stn. P, was to some extent due to temporal variation because the upcast gave values near 1.0000. Based on these findings, the cell constant was set at 1.0002 and the accuracy of the salinity determinations was downgraded to .01, equivalent to .00025 in the cell constant.�

SUMMARY

Processing was done according to the calibrations constants determined during the cruise. Salinity accuracy is estimated below for each CTD except in regions of the profiles where strong temperature and conductivity gradients result in errors due to sensor mismatches. Salinity spikes have been removed by hand in some profiles. Using bottle samples, on-board thermistors and reversing temperature and pressure sensors additional calibration constants were determined as follows:

WOCE CTD

No change to pressure.

The WOCE CTD was iniially calibrated with the post-cruise calibration of  (offset, slope) = (-.0015, .999938), see Fig. 1. To account for changes which occurred during the cruise the temperature offsets listed in the following table were applied.

Down cast salinities were matched to corresponding bottle salinities with a separate cell constant determined for each rosette cast (see table below). Agreement to a standard deviation of less than .001 in salinity with bottle samples below the 2000 dbar horizon was achieved. Temperature accuracy is estimated at .002C , salinity at .002.

CTD6

No pressure correction.

Temperature correction: -.002°C.

Cell constant: .99984

Temperature accuracy is estimated to be .002°C and salinity accuracy to be .005.

OP CTD (58483)

Pressure correction: -4.6 dbar

Temperature correction: .0074°C.

Cell constant: 1.0002

Temperature accuracy is estimated to be .007°C and salinity accuracy to be .01.�Appendix 1.  Calibration instuctions for the WOCE CTD.

Cruise 9403    P15N

WOCE CTD



Processing of .1ma files.



The .1ma files have been edited to remove spikes, therefore, salinity cannot be recomputed from corrected temperatures and conductivities derived from the raw files. However, the conductivity has not been corrected for the pressure and temperature effects on the conductivity cell. In addition, three calibration steps are necessary to correct the data:

a pressure-dependant conductivity correction

a temperature offset and slope

a cell constant to produce agreement with bottle salinities.

Since corrections are to be applied to the conductivity, it is easiest to generate a new conductivity using the despiked salinity and the SAL78 routine. The other alternative is to compute a salinity correction but because of the interaction of the temperature and conductivity corrections, this would be much harder and may lead to errors.



The conductivity cell correction can be combined with the pressure-dependant conductivity correction:

	Rcorr = R1ma(1 + P*(1.3E-7) + T*(-3.2E-6))



The temperature offset should be applied in two steps:

add .004C to all WOCE CTD casts after 94030219.1ma to remove the old change in offset. This amounts to resetting the A0 in the temperature polynomial to -5.92425 for all casts.

add the temperature offset in the list supplied to each cast and apply slope of .999938 to all temperatures to compensate for high temperature triple point correction on the bath thermistors. The offset correction was included in the A0 figure quoted above.



Apply the cell constant in the supplied list to the conductivity.

	Rfinal = Rcorr * Cellk



Recompute salinity using the the final values of R, T and P.�

�

Table 3.

�WOCE CTD Corrections

Relative to the post-cruise calibration (see Fig.1)
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