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1 Measuring principle 

The ku-pF Apparatus used to measure the hydraulic conductivity (ku) and the pF curve of 
soil samples in the unsaturated range is based on a measuring principle according to 
SCHINDLER (1980). For this, soil samples get fully saturated in the sample ring and then 
sealed at the base. The free surface is exposed to evaporation, and the gradient of the re-
sulting water movement is recorded with a data logger. Using the ku-pF Apparatus, up to 
ten soil samples can be analysed simultaneously. For this, the sample rings are put onto a 
star-shaped sample changer and put periodically, with a suitable time interval, onto a scale. 
Water movement, i.e. the amount of water which per time interval passes through the sam-
ple surface, gets weighed, and the gradient of water tension is measured in each sample 
ring by two tensiometers spaced at a distance of 3 cm. The tensiometer values are re-
corded with the time pulse of weighing. An integrated control computer is used for experi-
ment control and primary data logging.  

2 Main features 

Sample ring volume     250 cm³ 

Cross-sectional area of sample ring  41 cm² 

Number of samples     1 - 10 

Measuring interval per sample   10 - 40 min 

Weighing resolution     0,01 g 

Tension range     0 - ca. 90 kPa 

Weight of apparatus     ca. 40 kp 

Size (L x W x H)    ca. 100x70x40 cm 

Power consumption     230V / 1A 

PC connection     COM1 with special cable (115200 baudrate) 

Measuring position of tensiometers   at weighing position  

Memory     210 to 840 days 



 

 
We reserve the right to change our products and the specifications detailed in this prospect 

without prior notice 
01/05 

Umwelt-Geräte-Technik GmbH, Eberswalder Straße 58, 15374 Müncheberg, Germany 
Tel. (49) 033432-89575, (49) 033432-72750, Fax (49) 033432-89573,  

E-mail: info@ugt-online.de; Internet: www.ugt-online.de 

 

3 

3 ku-pF-measurement 

The hydraulic conductivity of the soil samples is calculated according to DARCY’s equation, 
assuming quasi-stationary flow. For the validity of that assumption see (2). The hydraulic 
gradient in the sample ring is always considered to be constant throughout the sample 
height. The gradient is formed from the matrix potential (tensiometer measurement) and the 
gravitation potential: 
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vz flow rate of water movement 

k hydraulic conductivity 

ϕ hydraulic potential 

z local coordinate 

Ψt tension of top tensiometer (as positive pressure in unsaturated range) 

Ψb tension of bottom tensiometer 

∆h  gravitation potential (local height) 

Due to evaporation, a flow rate vt develops at the free sample surface. Basal sealing results 
in the flow rate vb = 0 at the bottom end of the sample. Under quasi-stationary flow condi-
tions, the following can be set for the sample halfway between the tensiometers: 
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vm flow rate halfway between samples 

∆V water volume evaporated during time ∆t  

∆t measuring interval per sample (measuring time x 10) 

A cross-sectional area of sample ring 

For the sample between the tensiometers applies: 
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∆z distance between tensiometers in the sample ring (= 3 cm) 

∆h difference of local heights between tensiometer positions (=3 cm) 

Hydraulic conductivity is a function of the water content in the sample. To determine that 
water content, the dry weight of the samples must be measured after the experiment run. 

For the pF curve, the actual water content of the sample is assigned to the mean taken of 
the two tensiometer measurements. 
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4 ku-pF Apparatus DT 04-01 

The sample changer is the basic device of the ku-pF Apparatus. It has a star-shaped revolv-
ing table to carry 10 sample ring. Each sample holder carries one sample ring, two ten-
siometers and one electronic assembly digitizing the tensiometer measurements and send-
ing them to the data logger via two-wire circuit. Contacts in the cones on the revolving table 
are used for connection to the data logger. During the evaporation experiment, each sample 
holder is carried to the measuring point (at weighing position) periodically with a defined 
time pulse. Here, first the tensiometer values are transmitted to the data logger. Then the 
balance get the command “rezero”. This is followed by lifting the balance, and the sample 
holder get placed onto the balance. In this position, the total weight of the sample holders is 
measured and transmitted to the data logger. On lowering the balance, the sample holder 
gets again lifted from the revolving table, thus completing the measuring cycle of one sam-
ple.  

5 Software functions 

5.1 Main-Window (Fig. 1)  

Fig. 1: Main window for control of ku-pF Apparatus DT 04-01. 
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New Generates a new project. “KUP” is the file type. Ten ".TXT" files are allo-
cated to the ten baskets. The file name is derived from the project name 
+ „_“ + basket number. A file with different name can be allocated to 
each basket. The files will be generated only with the first readout or with 
the input of a sample description. In addition, the data for the serial inter-
face and the axis maxima for graphics display are saved in the project 
file. After starting the experiment, the project file includes also the date 
and time of the start of the experiment.   

Open Opens an existing project and supplies the relevant data files. The exist-
ing data can be viewed in the graphics. 

Close Closes an opened project and at the same time quits the connection to 
the ku-pF Apparatus DT 04-01. 

Save Saves the opened project. (Has no influence on the data files). 

Connect Establishes the connection to the ku-pF Apparatus DT 04-01. When no 
project is running in the ku-pF Apparatus DT 04-01 and no project is 
open or when no project is open or when the opened project does not 
conform with the running one, the running project will be searched for in 
the current directory and in the standard directory. 

 When it exists, it will be opened (if necessary, with inquiry).  

 When it does not exist, a message will appear with the following options: 

- Search for the project yourself. 
- Generate a new project with the name of the running one. 
 

 The following cases are possible: 

ku-pF Apparatus PC Optional commands 

No project No project Stop, Clock, Calibration, 
Tools 

No project Project open Stop, Start, Clock, Calibra-
tion, Tools 

Project stopped  Project open Read, Continue, Start, Clock, 
Calibration, Tools 

Project running Project open Read, Stop 

 
 

Read All data are read out and entered into a file designated by project name 
+ “000n“ and the extension ”.TMP“. When the readout runs correctly, the 
data will then be entered into the data files allocated to the baskets.  
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Stop Interrupts or ends a running experiment. The commands “Start“, “Clock“, 
“Calibration“ and ”Tools“ will be released. 

Continue Continues the interrupted experiment. 

Start Starts a new experiment with the data of the opened project. The start 
time is saved in the project file and used to show the duration of the ex-
periment. 

Clock Sets the ku-pF clock to the PC time. 

Calibration  Switches the ku-pF Apparatus DT 04-01 to the calibration mode and 
opens the Calibration window. 

Tools Opens the Tool window. 

 

Fig. 2 shows that in the main window three command keys are allocated to each basket.  

Fig. 2: Command keys of the samples in the main window. 

File  Opens a file to save the read data and/or allows to import a separate file 
in the ".TXT" format (Note the hint in Fig. 3).  

 Fig. 3: Hint for import of separate data in ".TXT" format. 

Text   Allows the input of text for more detailed sample description. 

Graphik Shows the data in the relevant data file as a graphic chart. 

 

With a right-click on the file name that name (not the file) can be deleted when the basket is 
empty. 
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5.2 Functions in the graphics menu (Fig. 4) 

Several graphics windows can be open at the same time. When data are read with the win-
dow open, they will be displayed only after the window has been closed and re-opened. 

Fig. 4: Graphics submenu. 

Print Prints the graphic chart. The graphic chart gets formatted to the size of 
the page. 

Print install Installs the printer. 

Add/Remove Removes individual curves from the graphic chart or adds them to it. 

Calendar Displays date and time on the X axis. When the key is not pressed, the 
duration of the experiment is displayed on the X axis. 

Undo Zoom Brings the enlargement back to the values set in the Zoom window. 

Zoom Opens a window for setting the display fields. 

Points Shows a small quad for each measured value. 

Copy  Saves a copy of the graphic chart as a bit map or metafile in the clip-
board. From there it can be inserted into other programs, e.g. Word. 
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The following functions can be executed with the mouse: 

Zoom Click with the left mouse button on the upper left corner of the zoom 
field and draw with button pressed a rectangle down to the bottom 
right corner of the desired zoom field. 

Undo Zoom Press the left mouse button and draw with button pressed a window to 
top left. 

Horiz. Scroll Click with right mouse button on the graphic chart and scroll with but-
ton pressed the graphic chart to the left or right. 

Display value Switch on points and click with left mouse button on the desired meas-
ured value. Time and measured value will be displayed in the status 
bar. 

5.3 Functions in the calibration menu 

After the Calibration menu has been activated, the star gets switched off and the calibration 
connector gets activated. 

The following keys can be used beside clicking the “Zero“ and the “Referenz" buttons with 
the mouse (Fig. 5): 

‘Z’ Set Zero. 

‘R’ or Space Set reference value. 

ESC Close window. The calibration connector gets switched off or deacti-
vated. 

 Fig. 5: Submenu calibration. 

For online display of the measured values in the submenu ”Calibration“, the sample holder 
and the ku-pF Apparatus DT 04-01 must be connected via data cable. The basket number 
displays the relevant box. As soon as the calibration of the tensiometers has been com-
pleted, the background will turn from “red” to “green”. 
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5.4 Functions in the tool window 

The following keys can be used beside clicking with the mouse buttons (Fig. 6): 

'S' Set cycle time 

'T' Turn 

'U' Lift up 

'D' Lift down 

'P' Park position 

ESC Close window 

Fig. 6: Submenu for control of ku-pF Apparatus DT 04-01. 

Using the cycle time, variable time steps can be set in dependence on the expected dura-
tion of the experiment and on the kind of soil involved. The experiment can also be influ-
enced by using perforated film to cover the evaporative surface and hence slow that proc-
ess down.  

The park position of the scale platform serves to protect the apparatus when transported 
and should be used for that purpose only. At first startup the scales will move to the 
measuring position after the button “Lift up” has been activated twice.  

6 Preparation of the measuring apparatus 

The tensiometers were calibrated before delivery of the apparatus. For the first  and also 
the general startup of the  ku-pF Apparatus DT 04-01 calibration by the laboratory operator 
is not required provided that the apparatus is used properly. 

As towards the end of the experiment and due to evaporation on the free surface the air 
access point will be exceeded at least in the “TOP” tensiometer, the tensiometers should be 
evacuated and the calibration checked before each further run. The situation will be similar 
when the apparatus has been standing in the laboratory unused for quite a while and the 
tensiometer ceramics in the open cups dry out. To bridge such breaks between measure-
ments, keep the tensiometers in the transport cups (supplied with the apparatus) filled with 
bi-distilled water. 
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To avoid errors of measurement, please start the apparatus after evacuation of the ten-
siometers and before installing the soil samples. This step can be done while saturating the 
soil samples (for at least 12 hours) (Fig. 7). 

Fig. 7: Setup of measuring instruments for control of zero point drift. 

In intact measuring systems the graphics menu displays a parallel course of the curve (Fig. 
8) without drift. Only after that can the tensiometers be installed in the soil samples and the 
experiment be started. 

Fig. 8: Graphics menu. Correct course of the curve after refilling the tensiometers. 

Parallel course of tensions in tensiometers 
"Top" and "Bottom". 
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6.1 Evacuation of the tensiometers 

Take the tensiometers out of the cups and take off the evacuation screw. Replace it by a 
tube olive and connect to the hand evacuating pump. When the tensiometer is in a water-
filled container, (bi-)distilled water can be sucked with the vacuum pump into a vacuum cyl-
inder, thus removing the air from the tensiometer. 

Note: No water must get into the pump!  

Swing the tensiometer to bring remaining bubbles towards the olive. Remove the olive and 
evacuate remaining air with the syringe (supplied with the apparatus), fill the connecting 
borehole  with water. Then insert the evacuating screw bubble-free.  

Note: Tighten slowly and prevent compression! 

Insert the tensiometers into the open cups and fill them with water to the top. 

6.2 Connecting to the PC / Notebook 

A personal computer (for example, a notebook) is required for communication with the proc-
ess computer. Connect the PC through a free COM interface to a serial interface cable. 
Communication is under WINDOWS 98 (or higher). The program “ku-pF Apparatus DT 04-
01 version xx” (Fig. 9) executes all operations that are required for setting the measuring 
process and for visualization and data transfer.  

Fig. 9: Cover picture of the software of the ku-pF Apparatus DT 04-01 

When starting the program, the main window (Fig. 1) will appear from which to choose 
and/or execute the default options (see 5.1 to 5.4).  

After restarting a project, use the PC or notebook to close the software and disconnect the 
ku-pF Apparatus DT 04-01. The measuring process will then be controlled by the logger. 
Data can be read out as often as you like. In the event of malfunctioning power supply, the 
logger will resume the measuring process on restarting according to the chosen time step 
and as soon as a sample has come to the scales.  
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7 Tensiometer calibration 

In this menu (see Fig. 9) the actual tensiometer values can be read online and the complete 
calibration (Zero, Referenz) can be done.  

Fig. 9: Submenu calibration. 

Note: Before each start of the experiment make sure that the tensiometers are filled without  
any air included!  

The drift of the sensors can be checked while the soil samples are getting saturated, as 
described under 6. As shown in Fig. 7, hang the baskets onto the star and start the measur-
ing process. In case the evaluation of results is not in line with the course of the curve as 
shown in Fig. 8, first of all check the filling level and evacuate any air bubbles that may still 
be there. Complete calibration will be required only in case the value differs from the Zero 
value by > 0.1 kPa and/or from the Reference value by > 0.3 kPa and the difference be-
tween these variations is > 0.1 kPa.  

For calibration take off the respective sample holder of the carrying arm and make a cable 
connection to the ku-pF Apparatus DT 04-01. Insert the completely filled tensiometers into 
the pressure chamber, fix them there and then keep them there in horizontal position (Fig. 
10).  

Fig. 10: Measuring system for tensiometer calibration. 
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When relieved from pressure, both tensiometers must show 0.0 – 0.1 kPa in horizontal 
measuring position (see Fig. 9 left). By pressing the “Zero” button, you can set the value to 
“Zero” (see 5.3). 

In the case of deviations from “Zero value”, unscrew the filling screw carefully and repeat 
the calibration process. Measurement against the atmosphere must show 0 kPa. If this is 
not the case, zero point calibration must have been wrong or the tensiometer (the pressure 
sensor) is defect or the electronic system does not work properly. Make sure that the ten-
siometers are filled air-free or contact UGT Ltd.. 

For calibration of the "Reference value" use the hand pump to generate –50 kPa vacuum 
and compare this with the display in the online menu (see Fig. 9 right). In the case of corre-
spondence save the "Reference value" by pressing the "Referenz" button (see Fig. 9). 

To check the calibration, select any pressure in the adapter cup. The online display must 
respond synchronously and in proportion to the operation of the hand pump. After aera-
tion of the hand pump the value should go back to 0 kPa. 

The completely filled tensiometers are then ready for installation while standing in the also 
completely filled open holding cups (see Fig. 7). In that position a hanging water column of 
ca. 2 cm WC acts on the pressure sensor of the tensiometer. The tolerance range of the 
displayed values is between –0.2 and –0.6 kPa. 

8 Sample preparation 

8.1 Sample saturation and installation of tensiometers 

Sample the soil in 250 cm³ cylinders, each with two lateral borings to insert the tensiome-
ters. After sampling seal these borings with tape until the samples have reached saturation. 
For saturation put the cylinders with their cutting edge onto the sieve bottom lined with filter 
paper.  

Apply a fine water jet (washing bottle) to fill the boreholes in the sieve bottom with the sam-
ple turned upside down and put the partly lidded samples into the saturation bath first to the 
upper edge of the sieve bottom. After ca. 12 hours the water level can be raised to mid-
sample for at least another 12 hours. After a minimum of 24 hours saturation take the sam-
ples out of the water bath, cover them with perforated film and the lid and put them onto 
filter cloth and let it drain for a few seconds to remove excess water. Then take the tape off 
and use the jig to bore the tensiometer apertures up to the stop of the appropriate borer 
(tensiometer height). Press on the lid so that the sample will not break off. Weigh the satu-
rated and bored samples with the sieve bottom but without lid and without perforated film: 

ms i = sample (saturated) + sample rings + sieve bottom + filter paper (wet) 
i number of sample 
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8.2 Inserting the samples into the sample holder 

To insert the soil samples, take off the sample holders and press the samples with the sieve 
bottom into the bottom plate of the sample holder. Make sure that the tensiometer apertures 
are facing inwards. Then put on the cylinder lid with perforated film.  

8.3 Installing the tensiometers 

Remove the tensiometers from the cups and install them in the borings of cylinders (top – 
bottom). Be careful to get adequate capillary connection (if necessary, connect with silt 
meal). Press on the lid to prevent the sample from breaking off in the top tensiometer. Push 
the tensiometers to the stop of the sealing ring on the tensiometer shaft. If the sealing ring 
does not reach the cylinder, use additional sealing (silicone rubber) to cover the gap. 

Take off the cups of the sample holder (evaporation!) and hang in the sample holders num-
ber by number (Fig. 11). 

Fig. 11: Sample with perforated film in measuring position. 

After sample installation make sure that there is sufficient freedom of motion for the sample 
changer, that no objects can get under the lifting table and that the tensiometer cables at 
the weighing position do not touch the suspension arm. Activate “Turn” (see Fig. 6) for one 
test round. 

9 Starting the experiment 

Open an existing project ("Open") or generate a new project ("New") (see Fig. 1). One file of 
type “.TXT” each is assigned to each of the ten baskets. Press “Text” to enter additional 
sample identifications, site criteria, or anything conspicuous on sample saturation or ten-
siometer installation. 

Choose the cycle time in minutes in the “Tool“ menu. Please note that the duration of the 
experiment may vary in dependence on the evaporation of the soil concerned (Evaporation 
of: clay soils – short duration of experiment – short measuring time; sandy soils – medium 
to long duration of experiment – medium measuring time).  
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Press ”Start“ to start a new experiment with the data of the opened project. The time is 
saved in the project file and used to display the duration of the experiment. Project name, 
time step, time and date of starting the experiment and the cumulative time are displayed in 
the main window. 

Always start a run while the samples are covered with a lid. The flow rate will then be zero, 
and the pressure difference at the tensiometers will be ca. 0.3 kPa (local height ∆h = 3 cm 
at v = 0 acc. to Equation 2). 

After about three hours these start values will have been logged with adequate significance. 
You can now remove the lids from the samples. The graphics menu will display the loss in 
weight. With the onset of evaporation, water will begin to flow through the samples.  

10 Optimizing the run 

In the course of the experiment the current data will be displayed in the main window. For 
optimal control the difference of water tensions (gradient) in a sample should not exceed ca. 
5 kPa. This difference can be controlled by varying the current rate of evaporation on the 
sample surface. For this the sample surface must be partly covered with perforated film. 
When taking the perforated film off completely, record its weight together with the sample.  

From the course of the tension curves you can see the protection against evaporation (Fig. 
12). To complement this, respective comments should be entered into the text field. 

Fig. 12: Course of the curve after taking the evaporation protection off. When clicking a 
data point, the tensiometer, the measuring time and the measured value are displayed in 
the bottom menu bar. Example: Tension top with –5.65 kPa at 10:29 a.m. 

Film removed at 10.29. 
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11 Measuring  

In running operation the measured values can be transferred with “Read” to the connected 
PC and displayed online. The graphic display always applies to the last read-out date. 

Press “Connect” for connection to the ku-pF Apparatus DT 04-01. The current project will be 
loaded and the data can be read out. 

Use the graphics menus to check the progress of evaporation and assess the possible end 
of the run (Fig. 13).  

Fig. 13: Graphic display of a completed measurement.  

The unsaturated bound is reached when the top tensiometer approaches its measuring limit 
(80 – 90 kPa). Then the curve turns concave, i.e. its ascent gets less and will be zero at the 
maximum (tensiometer limit). Aeration of the tensiometers will start in the range before the 
maximum (release of dissolved air, expansion of air bubbles). The rise of water tension in 
the immediate vicinity of the tensiometers will be reduced by the release of water. This re-
duced ascent of the tension curve is due to the measuring principle of the tensiometers and 
to the poor conductivity of the samples when removing the water from the tensiometer.  

Tensiometers measure in the unsaturated 
range and reach max. (80 – 90 kPa) 
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12 Evaluation 

For full evaluation of the experiment, transfer the record into a spreadsheet system (e.g., 
Excel). 

This full evaluation includes 

• a plausibility test of the recorded data and, if necessary, correction of the  tensiometer 
values 

• calculation of the gradients of water movement, ku values and actual water contents. 

For this, enter into the table: 

Column for duration of experiment in minutes 

Column for difference of tensions (corrected) 

Column for floating mean of difference of tensions 

Column for the gradient of water movement 

Column for water content 

Column for pF level 

Column for flow rate 

Column for conductivity ku 

Duration of experiment, in minutes: 

In accordance with the time step (1 to 4) chosen at the beginning, the time between the 
individual measurements of a sample is 10 to 40 min. The time column will be automatically 
filled with the corresponding time series. 

Difference of tensions: 

When starting the experiment, the samples are covered with a lid, the flow rate is zero. Ac-
cording to Equations (1) and (2), the difference of the tensiometer values should be 3 cm 
water column or 0.3 kPa. Deviations from that target value (tensiometer drift) are described 
with a correction K: 

TensN1 - TensN2 + K = 0.3 (kPa) 

The correction value K is determined from the tensiometer values of each sample logged 
before removing the lid. 

The column “Difference of tensions (corrected)” includes the actual values: 

D-TensN =  TensN1 - TensN2 + K 

Floating mean for difference of tensions: 

If too small a time step was chosen when starting the experiment, the measured values will 
also show little variation. Parameters from differences of these data may show big jumps. 

Forming floating means will smooth these measuring series: 
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D-TensN(m) = mean (Sz - 1 ; Sz + 1) 

S = column of series D-TensN ; z = actual line 

Gradients of water movement: 

According to Equation (2), the gradient (cm water column/cm) is obtained from the corre-
sponding value in the column “Difference of tensions”: 

GR = D-TensN(m)/0.3 - 1 

Water content: 

The actual water content of sample i is derived from the initial sample weight, the sample 
dry weight and the change in weight during the experiment. 

The weight of the saturated sample Msi was determined before installing the tensiometers. 
To determine the dry weight, remove the tensiometers at the end of the experiment and 
take the samples together with the perforated bottom out of the holder. Remove any putty 
that may have been left on the sample ring. 

Remove the sample ring from the perforated bottoms and put them, together with all soil 
material, flat onto a tray for drying at 105 °C up to a constant weight (DIN 18121 part 1). 

Then weigh the dry samples together with the corresponding perforated bottom (num-
bered!) and the wet filter paper: 

Mtr i = sample (dry) + sample ring + perforated bottom + filter paper (wet) + lid 

As a next step, remove the soil sample and determine the tare. 

Mtara i = sample ring+ perforated bottom + filter paper (wet) + lid 

Do consider the weight of the trays. 

The water content Mwi at saturation at the start of the experiment is given by the difference: 

Mwi = Ms i - Mtr i 

The volume of the sample with the tensiometer borings is 245 cm³. 

The volumetric water content of the sample at the start of the experiment is calculated as: 

W Vol
M g

i
wi( %)

( )
= ⋅100

245
 (5) 

This initial water content decreases with each step of the experiment. Total water loss up to 
step n is: 

M0 - Mn 

M0 sample weight logged when removing the lid (in g) 

Mn   sample weight logged after time step n (in g) 

The water content of a sample i after step n therefore is: 

W Vol
M g M M

n
w n( %)

( ) ( )
= ⋅

− −
100

245
0  (6) 
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Using this formula, one column for the water content (in %) is formed for each sample. 

pF level: 

The pF value (decadic LOG of water tension in cm) is derived from the tensiometer values: 

pF = LOG10 ((Tens1 + Tens2) / 2) 

Flow rate: 

The flow rate in mid-sample is calculated according to Equation (3). Please note that the 
measuring time T (min) chosen at the start of the experiment takes effect with the factor of 
10 as the measuring time for the individual sample. 

With the sample’s cross-sectional area of 41 cm² the flow rate during one measuring period 
is calculated as:   

v
T

= ⋅
⋅

⋅ ⋅
1
2

60
41 10

∆Μ
( )

 (cm/h) 

∆M is the difference of consecutive measurements from the column “Weight of sample“.  

ku value: 

The ku value (cm/h) is obtained by dividing the values from the columns “Flow rate“ and 
“Gradient“: 

ku = flow rate / gradient (cm/h) 

With the calculated columns it is possible to present  the 

pF curve: pF level as a function of water content 

ku function: ku value as a function of water content 

and to fit them to analytical expressions. 

The dry weight of the corresponding sample is: 

ρi
tr i tara im m

cm
=

−
245 3  (7) 
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13 Notes 

When using the ku pF Apparatus, attention must be paid to the following:: 

• Before starting the apparatus make sure that it moves freely. 

• Avoid any tensile load on the data cables! 

• Avoid any lifting load on the star and/or on the weighing platform. 

• Use the submenu “Tools“ to bring the weighing platform to the measuring posi-
tion by pressing the “Lift up“ button twice. 

• Bring the apparatus in a level position. Align the scales. 

• Before starting the experiment, replace the transport cups of the tensiometers by 
open holding cups (supplied with the apparatus). Fill them up to the top with (bi-) dis-
tilled water. 

• When filling the tensiometers, do not allow any water to get into the hand vacuum 
pump. 

• Before each online display of the reference values check the tube connections. 
There must be no water in them. 

• Saturation of the “unbored” samples: 

o in the water bath to the upper edge of the sieve bottom for at least 12 hours, 

o then fill up to mid-sample for another 12 hours. 

• Do not forget to weigh the saturated samples. 

• Note! After tensiometer installation do not forget to remove the cups (EVAPORA-
TION!).  

• Please not that after inserting the tensiometers osmotic processes between the soil 
water and the material in the tensiometers cannot be excluded. 

• Immediately before starting the experiment check the tensiometers for ”Zero“ and 
“Referenz“ values by way of online display. If necessary, fill from the water bath by 
means of olive and hand vacuum pump. Calibration will be required in exceptional 
cases.  

• Start the experiment with perforated film and lid. This will take ca. 3 hours. 

• Take off the lid. Onset of evaporation! 

• Then take off the perforated film. Record its weight together with the sample.  

• After the first 12 hours decide whether protection against evaporation will be re-
quired. If necessary, put on perforated film. 

• During measurement avoid any load on the measuring desk. 

• Avoid draft and changing room temperatures. 

• Immediately after the end of the experiment (air enters top tensiometer) remove the 
tensiometers from the soil samples and rinse them in (bi-)distilled water. Do not wipe 
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the ceramics. An ultrasonic bath is recommended for cleaning. If necessary, heavily 
soiled ceramics can be rinsed in 10% hydrochloric acid (HCl). For this, screw out the 
shaft carefully without touching the ceramics. Then definitely rinse the tensiometers 
with (bi-)distilled water. 

For full description of the ku function, the kf value (saturated hydraulic conductivity) will 
have to be included as well. The kf value can be determined on the cylinder samples using 
the hood permeameter according to HARTGE, or in a separate field experiment with the 
hood infiltrometer IL 2700. (See UGT Range of Products). 

Inverse simulation can be used for alternative analysis of the data of the experiment. Then 
there will be no need to assume a linear course of water tension over the sample height. 
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