MINI STD/CTD Calibration Certificate
Certificate no: 4828

Instrument model: SD204 Serial number: [5Y §  Owner: Acu AQEsTioN

Calibrated date: ) 4 98- 24 -/ P Certificate issued date: Do20-0b-(2 Env. temp (degr. C): Z Ql

Calibrated by: Sensordata a.s and SAIV A/S Bergen Norway

Calibration procedure:

Conductivity and temperature are calibrated by setting the MINI STD/CTD instrument in raw data mode and keeping
it in three 200 I stirred, temperature stabilised calibration baths. Raw conductivity and temperature data are recorded
with bath temperature and bath conductivity as measured by reference temperature* and conductivity** instruments.
Calibration coefficients A1, B1, C1 for temperature and A3, B3, C3, D3 for conductivity are calculated from least
square equations included in the MINISOFT software packet. Output temperature and conductivity from calibrated
instrument must correspond with reference readings within +/- 1/100 degr. C and +/- 1/100 mmho/cm. Pressure is
calibrated by connecting to a reference DWT*** and successively generate 6 pressures from 1 bar to FS. Pressure
coefficients A2, B2, C2, D2 are calculated from least squares equations included in the instruments software.

Output CTD data must correspond to data from reference instruments within specified accuracy.
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All calibration coefficients are shown on attached calibration sheet

Pressure™*
Temperature:

Subreference 1:

Conductivity:
Subreference 1:

Pressure:
Subreference:

Working references:
Temperature* Falmouth Scientfic Model OTM S-112 S/N 1377-09JUL96 Accuracy +/- 2/1000 deg.C
Conductivity** Falmouth Scientfic Model OCM S-112 S/N 1354-09JUL96 Accuracy +/- 2/1000 mmho/cm
Budenberg DWT Model 280L S/N 9050

Traceable references:

General Oceanics ATB 1250 temp. bridge serial no 1235
(Working ref. Is controlled by subref.1 four times per year)
(Subref.1 is controlled by subref.2 twice per year)

Neil Brown Cond./Temp. transfer standard mod. CT-2 serial no.3
(Working reference is controlled by subref.1 four times per year)
(Subref.1 is controlled by subref.2 four times per year)

(Subref.2 is controlled by subref.3 four times per year)

Pressure reference at FIMAS Coastal Base Calibration Center
5363 Agotnes Norway
Control frequency Calibration equipment: Once per year

Accuracy 0.008% FS (600 bar)

Subreference 2:
Destilled water tripple point cell at +0.010 degr.C
Phenoxybenzene tripple point cell at +26.868 degr.C

Subreference 2:
Guildline Portasal 8410 Portable Salinometer serial no.59

Subreference 3:

Ocean Scientific International Standard Seawater

Calibrated by
Signature
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Date 20-06-12
Time 09-36-53 GMT
CALIBRATION SHEET SD204 Serial no.1547

Temperature (T) Deg.C:
Al1+1.3726944116E-03 B1+2.9240812466E-04
C1-3.4537710924E-06 D1+3.6135189429E-07

Pressure (P) decibar:
A2-2.4565102280E-01 B2+1.7764348603E-04
C2+9.6312788253E-12 D2-2.8246930363E-17
E2+4.2364899394E-23 F2-3.1245432990E-29
G2+8.9849425869E-36

Conductivity (C) mmho/cm:
A3+9.5799723926E-02 B3+1.0450387781E-04
C3+1.6002507833E-12

Other sensor (0-2.5V) AO+0.0000000000E+00 BO+8.2348145128E-02
CO+0.0000000000E+00 DO+0.0000000000E+00

Turbidity (0-62.5 FTU)
AT-7.1622707765E-12 BT+2.5000000000E-02
CT+6.9388939039E-18 DT-1.6940658945E-21

Oxygen (OX) in per cent:
V +1.0131144422E+02

Pressure sensor mathem.comp.coeff.

KO0+6.08985334442E+00 K1-2.42821626297E-02
K2+2.04124914246E-05 K3-5.59413277767E-09
L0-8.00129780280E-01 L1+2.88906118066E-03
L2-2.50064181532E-06 L3+7.13267268899E-10
MO+5.03472593210E-02 M1-1.37817372477E-04
M2+1.25437716911E-07 M3-3.79532592329E-11
NO-1.23776543083E-03 N1+3.40571452853E-06
N2-3.11720777009E-09 N3+9.49079480686E-13
00+1.36083064371E-05 01-3.75496292319E-08
02+3.44712936320E-11 03-1.05291758809E-14
P0-6.82799000039E-08 P1+1.88677224655E-10
P2-1.73485303739E-13 P3+5.30833894095E-17
Q0+1.27779448185E-10 Q1-3.53385154947E-13
02+3.25233375023E-16 03-9.96175309747E-20

X1-2.4265723564E-01 X2+1.0126436152E-04
X3-2.8736658221E-12 X4+1.7059590590E-18
S1+3.1243110381E-01 S2+4.0621171873E-03
S3+1.7956257728E-11 Y4+1.7895108393E-01
Y5+2.3764705948E-03 ¥6-3.0588321577E-13
Y7+4.9581664215E-18
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CALIBRATION CERTIFICATE

NAME : RINKO II

MODEL : ARO-CAV-SA-R

SERIAL No. : 0382

Parameter : Temperature
Dissolved Oxygen

@) JFE Advantech Co, Ltd.

JFE



Temperature Calibration Certificate

Model
Serial No.
Date

Location
Method

ARO-CAV-SA-R
0382

June 25, 2019
Production Section

Calibration equation is determined from third order regression of samples of the
reference temperature against instrument voltages. Samples are taken at
approximately 3, 10, 17, 24, and 31 °C.

1. Equation

2. Coefficients

3. Calibration results

-1.198872e+01
+2.134820e+01
-3.560022e+00
+6.686373e-01

Instrument temperature[°C] = A+B X V+C X V*+D x

V: Instrument voltage[V]

Reference Instrument Instrument Residual Acceptance
temperature voltage temperature error OK/NG
[’c] I\ [°’C] [°’C] [°cl

3.319 0.80981 3.320 0.001 +0.020 OK
10.218 1.23560 10.215 -0.003 +0.020 OK
17.240 1.69629 17.244 0.004 +0.020 OK
24.031 2.14539 24.028 -0.003 +0.020 OK
30.917 2.58258 30.918 0.001 +0.020 OK

4. Verification

Criteria of Residual error of the instrument temperature at arbitrary point is within the
judgement acceptance value.
Reference Instrument Residual Acceptance
temperature temperature egror . Judgement
[cl [°c] [*C] [’c]
20.530 20.544 0.014 +0.020 Passed

é é 7 ZZ
Examined /%

M, {/f//' M/a/[(f

Approved

JFE Advantech Co,, Ltd.
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Dissolved Oxygen Calibration Certificate

Model
Serial No.

Date

Location
Method

Film No.

1. Equation

2. Coefficients

3. Verification

Criteria of
judgement

Acceptance:

ARO-CAV-SA-R
0382
June 27, 2019

Production Section

Calibration is performed with the nitrogen gas (zero) and the oxygen saturated

water (span) kept by air bubbling.
191625BA

DO[%] =G+H x P’

Here, P'[%] consists of the coefficients A-F determined by the initial calibration.

A= -4.550078e+01 E= +4.000000e-03
= +1.462272e+02 F= +3.620000e-05
= —2.599593e—-01 G= +0.000000e+00

D= +1.044900e-02 H= +1.000000e+00

Residual error of the instrument DO at arbitrary point is within the acceptance

value. The test is performed 3 times.
*+0.5% of full scale

Test for DO 0 %

Test condition Instrument Residual Acceptance
Atm. pressure | Reference DO DO error Judgement
[hPa] [%] [%] [%] (%]
1st 1003.5 0.00 0.07 0.07 +1.00 Passed
2nd 1003.5 0.00 -0.01 -0.01 +1.00 Passed
3rd 1003.6 0.00 -0.03 -0.03 #+1.00 Passed
Test for DO 100 %
Test condition Instrument| Residual | Acceptance
Water T. | Atm. pressure | Reference DO DO error . Judgement
[°c] [hPa] [%] (%] [%] [%]
1st 251 1002.9 98.95 98.60 -0.35 +1.00 Passed
2nd 25.2 1002.8 98.94 98.53 -0.41 +=1.00 Passed
3rd 25.2 1002.8 98.94 98.70 -0.24 +1.00 Passed
Examined ' W
M,V / Fwals)
Approved '

JFE Advantech Co,, Ltd.
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| RINKO-lIl Custom-Made ARO-CAV-SA-R Verification

1. Description

2. Equation

Output:

ARO-CAV-SA-R outputs analog values as calculated DO.

DO [%] = 80 x DO_voltage [V]

0 [%] at 0 [V], 100 [%] at 1.25 [V], and 200 [%] at 2.5 [V]

3. Pressure compensation

4. Verification
Model:
S/No.:
Date:
Location:
Method:

Pressure-compensated DO, DOyp, is calculated by the following equation.
DOp [%] = DO [%] * (1+E xp )

Here, E is the coefficient value written on the DO Calibration Certificate
and p is the in-situ pressure (atmosphere + water pressure) in MPa.

ARO-CAV-SA-R

382

July 5, 2019

Production Section

Verification is performed with the nitrogen gas (Zero) and the oxygen
saturated water (Span) kept by air bubbling.

Temperature [°C] 25.008
Atmospheric pressure [hPa] 1001.8
DO saturation [%] 98.83
Span output | Span output | Residual error
Result V] %] (%]
1st 1.236 98.86 -0.03
2nd 1.236 98.91 -0.08
3rd 1.237 98.94 -0.10
Result Zero output | Zero output |Residual error
V] [%] [%]
1st 0.000 0.02 -0.02
2nd 0.000 0.02 -0.02
3rd 0.000 0.01 -0.01

Criteria of acceptability: All residual errors must be within the acceptance value.

Judgement:

Good

Calibration Group, o/

JFE Advantech Co., Ltd.



