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36XiW CTD conductivity calibration

Date of issue Version 1.0, June 2015
Document name Conductivity V1 0
Abstract This document contains additional information for conductivity of KELLER Level Probes. As well as

clarifications to conductivity calibration software.
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1 Introduction

The KELLER 36XiW CTD sensor is designed to measure water level, temperature and electrical conductivity of groundwater and
surface water, as well as brackwater and seawater.

The KELLER 36XiW level probe is available with a conductivity sensor and an accurate temperature sensor (PT1000). The con-
ductivity sensor has an accuracy of +/-1% at measuring ranges of 0.2 /2.0 / 20.0 / 200.0mS/cm, and the temperature sensor of
+/-0.1°C.

The electrical conductivity in the 36XiW CTD is the ratio of current to voltage which is measured by a six electrode method. The 6
electrodes have to be fully submersed into the liquid that requires measuring to gather valid conductivity readings, if the elec-
trodes are not fully submersed then the readings will be incorrect.

General specification can be found on the datasheet of the 36XiW (CTD).

2 General description of configuration settings of conductivity sensor

The commands for communication via RS485 and SDI-12 are available on the KELLER website at the corresponding communi-
cation protocols.

2.1 Conductivity range selection

The conductivity sensor offers four measuring ranges for measuring the conductivity. To achieve best possible accuracy, it is
highly recommended to choose the appropriate measuring range, which fits best to the expected measuring values. For exam-
ple, if the measuring range chosen is too large the accuracy of the measured value may be too low.

2.2 Calibration of single measuring range

It is possible to carry out a calibration for each measuring range of the conductivity sensor by assigning an individual gain.
Please note: for correct calibration, select the desired temperature compensation method and adjust the temperature gradient
first.

2.3 Temperature compensation of conductivity

The conductivity sensor measures a raw value which is highly dependant on the temperature of the monitored liquid. That is why
temperature compensation is carried out. This compensation is based on the norm EN27888 (determination of electrical conduc-
tivity for natural water, wastewater and mud). In this norm, there are three different kinds of compensation methods:

Linear compensation @ 25°C KELLER uses as standard temperature gradient of 2.2%/K which fits well for solu-
tions with middle to high conductivity.

Linear compensation @ 20°C A temperature gradient in the range of 0 to 8% is needed. The compensation
method with reference to 20°C is deprecated and mostly replaced by the method
based on 25°C reference temperature.

Non-linear compensation @ 25°C Compensation values are derived out of a table described in the norm
DIN/EN27888. This non linear temperature compensation is appropriate for natural
water as groundwater, surface water, tap water and wastewater.

Non temperature compensated conductivity is available for customers who like to use there own temperature compensation for
their application.
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2.3.1 Evaluation of temperature compensation gradient

The temperature gradient is evaluated as following: Correct values of the temperature gradient can be found in literature describ-
ing well known salt solutions and typical mixtures (blendings) of ions. Of course it’s also possible to determine a value for the
temperature gradient experiential. For the experiential determination, two conductivity measurements of the same solution with
different temperatures have to be made (read out raw value). One of the measurements has to be made at reference tempera-
ture and the second one at probe temperature. With the following formula it is possible to calculate the temperature gradient.

k;, = Conductivity @ reference _temperature

T, = reference _temperature(25°C)

(xp, — &7y )-100% -

a= K, = Conductivity @ probe _temperature
(Tz - Tl) Ky

T, = probe _temperature

a = temperaturegradient(%/°K)

3 Environmental influence on conductivity

The measured conductivity values can be influenced by air bubbles around the electrodes, deposits on the electrodes or close
by, as well as by solid objects to close by the sensor, as for example tight pipes.

3.1 Cleaning

The conductivity sensor should be flushed after each usage with deionised or distilled water. If there are some deposits, they
should be carefully removed with a cotton bud and a mix of vinegar and water or light soap water. Abrasive cleaning detergents
must not be used. Please note: Handle the electrodes with care. Mechanical stress, roughening of electrode surface or even
scratches must be avoided.
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4 Calibration of conductivity sensor

KELLER offers software, called ConductivityCalibrationTool, which explains and calibrates the conductivity sensor step by step.
This software works only over RS485 interface (Keller-/Modbus communication protocol), so it is necessary to set the probe to
RS485 communication mode first and strictly follow the software instructions. The calibration software can be downloaded from

the KELLER website.

4.1 Calibration software for conductivity sensor

The sensor has to be connected with a serial interface converter RS485 to RS232 or USB. Select the correct com port and press
the button “Open”. The software reads all information and the current configuration from the device. The picture below shows the

result when a device has been successfully recognised and scanned.

When the initial scan of the device has been successfully completed, the navigation button located in the bottom right corner be-

comes enabled. Press the navigation button to proceed to the next step.

(The handling of each window of the software is described on the left side, below the picture.)

4+ ConductivityCalibrationTool 1.0

File Settings

OUOoood

—— L
. ¥ [ ] ) comer M \ Clase |

Detect Device Configuration

B SN OF:22

D CFG_F ok
Detect Device

D CFG_Tok
Select the appropriate m Conductivity Sensor available
COM-Port and press the button
"Cpen’, You may also plug in D P1 Riange OK: 0,000...10.000 bar
K-114 USBE Corwerter. The B
connected device will m TCB1 Range OK: -10,000...50.000 *C

automatically be detected.
m T Range OK;: -20,000...80,000 °C

m Conductivity Sensor : ON

D Conductivity Sensor Software Version: 1801 5

D Conductivity Sensor Serial Number: 0

m Conductivity Sensor Measuring Range2: 0..2 mSjecm (0..2'000 uSfem)
m Conductivity Sensor Gain Rangel: 1.000

m Conductivity Sensor Gain Range2: 1,000

m Conductivity Sensor Gain Range3: 0.938

[

KELLER Class:5 Group:21 Year:14 Week:31
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The conductivity range, to calibrate should be chosen. It is only possible to calibrate one range at a time. Further, the kind of
temperature compensation method has to be selected. Additionally, further general information is displayed.

+ ConductivityCalibrationTool 1.0

File Settings
I ]
Keller Device: Class:S Group:21 Year:14 Week:31
Keller Serial Mumber: 22
Device BUS-Address: 1 115200 baud
Zonductivity Sensor
Serial Number Conductivity Sensor: 1]
Conductivity Sensor Sw-Wersion: 180415
Current Measuring Range
Current Configuration Range Date of last Calbration Gain
Range 1: 0..200 uSjcm (0.2 mSfem) 30,12, 1699 00:00:00 1,0000
* Range 2: 0..2'000 uSjcm (2 mSjcm) 13,02,2015 08:48:45 1.0000
The following settings have Range 3: 0..20'000 uS/cm (20 mSfcm) 20.07,2015 15:22:30 0,9980
5:3‘::3‘1 e Range 4: 0..2000000 us/cm (200 mS/cm) 19.12.2014 10:58:07 1,0000
Conductivity Temperature Compensation Methad according DINJENZ7E88
* Linear Temperature Compensation @ 25°C
Linear Temperature Compensation @ 20°C
Non-Linear Temperature Compensation (Table) @25°C
Conductivity Temperature Coefficient 2,10 %
Conductivity Cell Constant 1.0000
i< 2
|
| |
KELLER: Class:5 Group:21 Year:14 Weeki31 |
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The steps mentioned in this window are important. For a correct calibration it is essential to follow them carefully.

4 ConductivityCalibrationTool 1.0

File Settings

UOB0O00

Prepare Calibration

Please carefully read the
description of how callbration
procedure of the conductivity
sensor should be prepared and
carried out.

Please execute conductivity sensor calibration in compliance with the
following recommendations:

Keep the working area clean!
Clean the device and its housing with distilled water,

Handle the platine electrodes of the conductivity sensor with care. Do not apply mechanical forces nor use abrasive
cleaning agents!
Please use a clean and dry container for calibration

Choose the apropriate standard solution as a reference liquid which is suitable for your conductivity monitoring and
application,

When submersing the device into the reference solution, please make sure that the sensor is completely covered with the
liquid.

Entrapped air bubbles around the electrodes may result in wrong callbration, The conductivity measuring cell must nat
contain air bubbles. Tap, move and tilt the device gently to remove any residual air bubbles,

Please wait at least three minutes until the temperature ofthe sensor and the reference liquid become steady.

&

KELLER Class:5 Group:21 Year:14 Week: 31

e Working area should be clean

e Device and whole housing should be cleaned with distilled water

e The platinum electrodes of the conductivity sensor should be handled with care. They do not tolerate mechanical forces
or abrasive cleaning agents.

e For calibration, a clean, dry and big enough container should be used.

¢ An appropriate standard solution for the conductivity application should be chosen as reference liquid.

e The device should be submerged with the reference solution.

e Trapped air bubbles in the area of the electrodes will lead to wrong calibration. The device should be moved gently till
the bubbles have cleared out.
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Parameters of the used calibration solution need to be filled in. The parameters of two different standard solutions are provided,

but it is possible to use any solution for calibration as long as the required parameters are available.

4 ConductivityCalibrationTool 1.0

File Settings

Input parameters

Please specify the conductivity
of the standard reference
solution and the temperature
coefficient of the test liquid.

KELLER

Soluton

1413 ~ uSfem =1.413 mSfcm

Conductivity Temperature Coefficient (Reference Solution)

fio | % /K

¢{KCL) = 0.1 mollL
[mSiem] a,, [%ICl

(KCL)=0.01 mol L @25°C

Cass:5 Group:21 Year:14 Week:31

The white bar on the temperature scale has to be between the blue (lower limit) and the red (upper limit) bar. Otherwise, it is not
possible to run the test. The closer the temperature to 25°C (or in case of compensation on 20°C at 20°C), the more accurate
the compensation will be. (Under settings it is possible to change the limits as well as the count of measurements for test and the
maximum gain variation.) After pressing the button "Run Test", the adjusted count of measurements is taken and out of the aver-
age value, the gain is calculated and displayed. By pressing the button "Accept”, the calculated gain is set.

[ + ConductivityCalibrationTool 1.0

File Settings

Py

Calibration

Sensor Calibration

Please start the calibration
process now. You may repeat
the calibration several tirnes if
required.

KELLER.

| |

~ Current Measuring Yalue

~Temperatur

25.6 °C

07:36:14

| 150 | | H | | [EEal]

~ Zonductivity Rave Yalu

1511.6 u.S/cm 1.512 mS/cm
—Conductivity Temperature Compensated
14954 uS/em 1.495 mS/cm

[0 Measurement valid

[ Run Test ]
~Test

Temperature *C Conductivity Raw Yalue [usfcm]

Conductivity Temperature Compensated [uS/cm]

#1 25.6 1509.6020 1493.5755
#z 25.6 1510,6357 1494,5983
#3 25.6 1510,1835 1494.1505
—Calculated Averag
can 0.9456
—Conductivity Temperature Compensated corrected with calculated gain
1414.1 pS/cm 1.414 mS/cm L [Daceen \‘

o

| Class:5 Group:21 Year:14 Weeki31
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After calibration, the conductivity of the solution should be measured for a while for verification.

[ + ConductivityCalibrationTool 1.0

File Settings

L o
AR e e TR T ey o -

\ Tk
'\\ < [REE

o
ERUTNE I 2
= 22 %
§1‘4nn i 24 5
21350 | 24

5
2 1'300

verification of Calibration

Keep the measurernent running
for a while to verify the
correctness of calibration,

——— Temperature
=g Conductivity Tempersture Compensated

——=—— Conductivity Raw Value

B Stop | Resel | ﬂﬂ \ Excel |
Time: Temperature *C  Conductivity Temperature Compensated [uSfcm] Conductivity Raw Yalue [uSfcm]
00:00:21 281 1416.36 1582.42
00:00:22 28,1 1416.63 1582.55
00:0mes 231 141659 1582.65
00:00:24 28,1 1416.53 1582.65
KELLER: Class:5 GroupiZl Year:14 Weeki3l | 4

After finishing the calibration, the temperature gradient of the liquid used to measure should be recorded and written on the
probe. Now the probe is ready for measurement in field applications. Temperature coefficient is only required for linear compen-
sation, but to finish the program the button “write Temperature Coefficient” should be pressed. Afterwards it is possible to set the
device to SDI-12 Mode if needed.

+ ConductivityCalibrationTool 1.0

File Settings

I | | o |

Conductivity Temperature Coefficient of the monitored Water/Medium

i ] ®/K

Calibration completed

Ol write Temperature Coefficient

Prepare device for long term
monitoring out in the field,
Depending on compensation
method, the appropriate
temperature coefficient is
required,

[}

KELLER  Class:S Group:21 Year:14 Week:31 | 4
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5 CCS30 Software for 36XiW

The 36XiW CTD is fully integrated in the CCS30 software for data acquisition and visualisation of configuration. For calibration of
the conductivity sensor the ConductivityCalibrationTool Software is needed.

The only possible setting for the conductivity sensor in CCS30 is the range. The other configurations for conductivity are only
possible with the calibration software. In CCS30 software the conductivity channels are called:

ConTc: Conductivity value temperature compensated after the selected method

ConRaw: Conductivity value without temperature compensation (This value can be used, if another kind of temperature
compensation is needed. The temperature for temperature compensation of conductivity is available on chan-
nel T.
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6 Appendix

6.1 Changes

e Document version 1.0: Release version

6.2 Support

KELLER AG fiir Druckmesstechnik
St. Gallerstrasse 119
CH-8404 Winterthur

Tel: ++41 52 235 25 25
http://www.keller-druck.com
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