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Establishment of CTD Calibration System and Uncertainty Estimation
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Ansan 426-744, Korea

Abstract : The quality control of ocean observations data is becoming a major issue as real-time
observational data and information services have increased recently. Therefore, it is necessary for
oceanographic instruments to calibrate. In this paper, we first introduce the CTD calibration system and
traceability. Next, CTD calibration procedures and estimation of uncertainty of measurement are described.
The expanded uncertainty (k= 2) of the temperature, pressure and conductivity are 0.003°C, 6.0 x 10~ and
0.006 mS/cm respectively. Finally, the excellence of CTD calibration and its measurement capability has
been proven by comparing the inter-calibration result of KIOST and Sea-Bird Electronics (SBE). CTD
calibration residuals are less than £0.0001°C, £0.001 MPa, £0.0001 S/m for SBE 3plus temperature sensor,
SBE 19plus pressure sensor and SBE 4C conductivity sensor respectively.
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Fig. 1. Uncertainty factor in the field and the laboratory
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Temperature
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1. Conductivity
- - calibration system :

Standard resistor bath
Stability: 0.2 mK

Water triple point cell © * |IAPSO Standard
. . |Seawater

. . |Accuracy: +£0.001

Uncertainty: 0.1 mK

Gallium triple point cell Standard resistor

Uncertainty: 0.1 mK ‘

Mercury triple point cell F900 AC Bridge
Accuracy: =5 uK

Uncertainty: 0.2 mK ..
‘ . . |Guildline 8400B

. . |Salinometer

SRPT

: Accuracy: +0.002
Uncertainty: 2 mK

Stability/year: 0.5 mK

Pressure .
calibration system : 1 cTD

Mass

Dead weight tester
Uncertainty: 0.0058%

Terminal

cTD
Instrument

of Reading

L ]
Barometer | |Height gauges | -

Calibration seawater bath
Stability : 0.1 mK
Uniformity : 0.2 mK

1. SPRT

2. Pressure sensor

3. Seawater sample bottle

Fig. 3. CTD calibration system
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Table 1. Expanded uncertainty of CTD calibration

Field Range uncelif;)iillltl; il(cl =2)
Temperature -5~35°C 0.003°C
Pressure 0.03~70 MPa 6.0x107°
Conductivity 1~65 mS/cm 0.006 mS/cm
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Table 2. Specification of CTD sensors for the inter-calibration

Sensor Model Range Accuracy Resolution Stability
Temperature sensor ~ SBE 3plus —5~35°C 10.001°C 0.0003°C 0.001°C per 6 months
Pressure sensor SBE 19plus 0~6 MPa +0.006 MPa 0.0001 MPa 0.006 MPa per a year
Conductivity sensor ~ SBE 4C 0~7 S/m 10.0003 S/m 0.00004 S/m 0.0003 S/m per a month
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Table 3. Calibration coefficients of CTD sensors

Value
Field Model Serial number Coefficient -
KIOST Sea-Bird
g 430553853 x 107 430528468 x 107
SBE h 6.25869157 x 107 6.25363491 x 107
Temperature 5654 ) s s
3plus i 1.96839266 x 10 1.93709410 x 10
Jj 1.53287110 x 107° 1.47245874 x 107
PA0 1.761122 1.818364
Pressure Sglﬁs 6153 PA 2.636639 x 107 2637810 x 107
PA2 2291018 x 107! 1.966544 x 1071
g -9.97591600 —-9.95920571
o SBE h 1.55137165 1.54517073
Conductivity 3327 ) 3 )
4C i -1.16197854 x 10 6.31985804 x 10
Jj 1.78174346 x 107 3.80577516 x 107°
0.00010 0.002
O 000005 | S 0.001
S 0.00000 { : f 4 NX (_(g 0.000
% =
@ -0.00005 B =4—KIOST(down to up)
¥ ~-KIOST § -0.001 -5-KIOST(up to down)
0.00010 r&-Sea-Bird —-Sea-Bird(down to Up)
5 0 5 10 15 20 25 30 35 -0.002 =i-Sea-Bird(up to down)
Temperature (°C) 0 1 2 3 4 5 6 7
Pressure (MPa)
Fig. 4. SBE 3plus temperature sensor calibration residuals
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