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1.

Introduction

The Automatic Infiltration Meter (AIM) is a complete system for collecting and
storing data from up to five Tension Infiltrometers in the field or laboratory.
The AIM is equipped with an internal battery which provides power to the Data
Logger as well as the transducer attached to the infiltrometer. A fully charged
battery should have the capacity to provide several hours of data collection in the
field before recharging is required.
There are four parts to the AIM system:
1.
The Data logger.
2.
Break-out box for connection between the transducer and logger.
3.
Differential pressure transducer.
4.
Tension infiltrometer.
The system is supplied with the pressure transducer/s installed on the infiltrometer
and wired ready for connection to the break-out box.
The transducer/s are calibrated and labelled to indicate the channel to connect to.
The differential pressure transducer is connected between the top and the bottom
of the water tower and measures the pressure differential between these two ports.
This technique has been shown to reduce bubble noise when making automated
measurements.
The output from the transducer, in millivolts, is a linear function and is converted
in the logger to a millimetre value which matches the water level as seen on the
scale of the infiltrometer. For instance if at the time of logging a measurement at
say 09:00 the water level on the scale of the infiltrometer it was sitting at 150 mm
then this level will recorded by the logger as well as the time at which the reading
was taken.
So the data recorded would be the time 09:00 and the level 150 mm. If the logger
was set to take a reading every ten minutes and if the level dropped 100 mm
(10 cm) in this time the next record would read 09:10 and 250 mm., which would
indicate a water level drop of 100 mm (10 cm) in ten minutes.
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2.

System Requirements

2.1

Hardware

The ICT Instrument software does not require a powerful computer.
Recommended Minimum System Specifications:
Intel Atom 1.66 GHz and 1GB RAM or higher.

2.2

Software

The ICT Instrument software is compatible with the following Windows
Operating Systems:
a.
Windows Vista
b.
Windows 7
c.
Windows 8 & 8.1
d.
Windows Virtual OS run from a Mac computer

2.3

Screen Resolution

The ICT Instrument software is written to a fixed screen resolution of 857 x 660
(it does not Auto Resize) and works best on computers that have a screen size of
11.6” or larger and/or a default screen resolution of 1366 x 768 or larger (the
vertical height of 768 being most important otherwise you can't see the bottom
of the software).
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3.

Charging the AIM Internal Battery

The AIM is a self contained instrument that incorporates a lithium polymer
battery. Before using the instrument, this battery MUST be charged. To choose
from a range of charging options see
Connecting a Power Supply to the Instrument (pages 6 to 11).
The AIM has an internal battery which can supply up to 6 hours of continuous
use. The AIM can be used in the field without an external power supply for at
least 6 hours. It is recommended to charge the battery overnight with the
CH24 power supply for use in the field the next day.
An external power supply can be connected to the AIM in the field.
See Connecting a Power Supply to the Instrument (Field Operation)
(pages 10 & 11) for more details.
The unique power-bus plug design was developed by ICT International to
simplify the electrical wiring process. It minimises the need for custom tools in
the field requiring only that the outer cable sheath be stripped back to expose the
copper wire.
As shown in Connecting a Power Supply to the Instrument (page 6) no other
tools are required with all necessary components and fixings fully incorporated
into the instrument design. Retaining straps ensure the power-bus plugs do not
separate from the instrument when removed from the power-bus during wiring
preparation and connection of external power.
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3.1
3.1.1

Connecting a Power Supply to the Instrument
Individual Power Supply Connections
Important: Do not connect external power until the final step
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3.1.2

Shared Power Supply for Multiple Instruments

Unused Bus plugs MUST have the plug sealing cap
installed to prevent water from entering the device.

Power can be daisy·chained
from either end of the device to
connect power to other devices.
Note: When connecting power to
a device, do not connect both
positive and negative cables to
bus-plugs on opposite ends of
the same side.

7
ICT International
Enabling better global research outcomes in soil, plant & environmental monitoring.

3.1.3

Connecting Power via USB cable to a laptop/PC

Note: The AIM Automatic
Infiltration Meter is non-polarized

AIM

USB Cable
Laptop/PC
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3.1.4

Connecting Power Directly via CH24 Power Supply

Note: The AIM Automatic
Infiltration Meter is non-polarized

AIM

CH24 Power Supply
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3.1.5

Connecting Power Directly via Solar Panel (Field Operation)

Note: The AIM Automatic
Infiltration Meter is non-polarized

AIM

Solar Panel
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3.1.6

Connecting Power via External 12V Battery (Field Operation)

Note: The AIM Automatic
Infiltration Meter is non-polarized

AIM

External 12V Battery
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4.

Connecting the Tension Infiltrometer to the AIM

The transducer is connected to the logger by inserting the green connector into the
appropriate channel in the break–out box supplied with the system.
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5.

Install the AIM Software & USB Driver

Insert the supplied CD into the computer. The CD will auto-run to present a menu.
Choose software (a) then choose ICT Instrument Installation Software (b).
The software installation will begin follow the screen prompts until the finished
installation screen appears. To install the USB driver choose USB Driver (c) and
wait for the installation to complete.
(c)

(a)

(b)

The AIM software can also be downloaded from the ICT International
Software Downloads Page.
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6.

Turn the Instrument On

To charge and turn on your AIM Automatic Infiltration Meter connect the
Instrument to a computer via a USB cable. Alternatively the AIM can either be
turned on manually by pressing the power button or automatically by connecting
an external power supply.

LED

On/Off Switch

USB Port
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7.

Connect to the Instrument

7.1

Connect Via USB

Connect the USB cable to the instrument. The AIM will automatically be detected
by the computer as with any USB device. Double click the
ICT Instrument icon on the Desktop to open the software and click the icon
“Connect to Instrument”, then click “Find Devices” to search for the instrument
and select the named instrument from the Available Devices within the Device
Selection Window.

Double click the icon
“ICT Instrument Software”
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7.1.1

Software Procedure Step 1:

Click the icon “Connect to Instrument”
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7.1.2

Software Procedure Step 2:

You must first choose the connection type “USB” then Click “Find Devices” to
search for the instrument.
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7.1.3

Software Procedure Step 3:

Note: The software will display a message to “Please Wait” after which the
following screen will be displayed.
You must click on device and highlight.

After you highlight the device then click “Select Device”.
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7.1.4

Software Procedure Step 4:

Note: The following screens will be displayed.
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7.1.5

Software Procedure Step 5:

When the software has finished loading the instrument parameters the following
screen will be displayed.
From here the measurement parameters can be set and the measurement sequence
started.
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8.

Set the Measurement Parameters

8.1

Software Procedure Step 1:

Position the cursor on the measurement mode drop down box and left click.
A list of timing intervals will be displayed. Move the cursor over the timing
interval you want between measurements and left click.
In Manual mode the AIM will only take a single reading each time the
“Start Measurement” box is clicked. This is the default setting when the logger is
to be powered down or set to standby mode.

8.1.2

Selecting Logging Periods from 1 Minute to 60 Minutes

If any parameter from 1 minute to 60 minutes is selected the AIM will record
a reading at the respective time interval selected. In “Live Mode” the logger
will continually take and record readings while ever Live Mode is selected. For
measurement intervals of less than 60 seconds, see Selecting Logging Periods of
60 Seconds or Less (page 23) for more details.

“Measurement Mode” drop down box
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8.1.3

Software Procedure Step 2:

Left click on the “Update Measurement Options” box. Then click on the
“Start Measurement” box to begin logging .
Data will be recorded on the internal MicroSD card.
To stop logging set the Measurement Mode to “Manual”.

Click “Start Measurement” box to begin logging
To stop logging set the Measurement Mode to “Manual”
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8.1.4

Selecting Logging Periods of 60 Seconds or Less

The Measurement Mode drop box will allow you to select logging intervals of
between 1 minute and 60 minutes or continuous conversion in Live Mode.
Logging intervals of less than one minute can be set using the following
procedure.

From the Measurement Mode drop down box select “Live Mode” then update
measurement options.

A new menu button will appear “Select Logging Interval”. Click on this button
and the “Live Logging Interval” window will appear. Use the up/down arrows in
the window to select the required logging interval anywhere from 0 to 60 seconds
and click done. The logger will now start collecting data at the set interval.
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9.

Download Data

Data can be downloaded in a number of ways. The simplest is to click the green
“Download Data” icon on the main window under the Instrument Information
section. (circle)

“Download Data” button
Windows will prompt you for a file name and location to store the data.
The file will be stored as a .csv file and the data can be viewed in an excel
spreadsheet.
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When the download is complete you will be prompted to delete or rename the
file on the MicroSD card in the AIM0.
Note: It is not necessary to delete the data file from the MicroSD card. Instead, it
can be renamed and forms an off-site backup should your computer hard drive
fail.
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Appendix A: Calibration Procedure
Each of the five input channels of the AIM is calibrated to the transducer which
is labelled to connect to it by ICT International before being shipped from the
factory. The accuracy of the sensor can be checked by performing the
“Check Procedure”. If in the unlikely event a sensor needs recalibration or a
replacement or additional sensors are added the channel calibration procedure
can be performed. In order to perform both procedures you will need a ready
supply of water, a soft towel or sponge to rest the disk on to avoid damaging the
membrane and a well-drained work area to drain away the water released during
calibration. Make sure the AIM battery is fully charged or connect to an external
power during calibration.

Check Procedure
1.

Connect from the AIM to the PC via the USB connection. Open the
Instrument software and connect to the AIM.

2.

Set the AIM to “Live Mode” by selecting live from the Measurement
Mode drop down box and select “Update Measurement Options”.

3.

The infiltrometer water tower to about the 25 mm (2.5 cm) mark and set
it up in the same way as would if taking a set of measurements. Sit
the membrane on the soft towel or sponge making sure the top of the
membrane disk is level with bottom of the water tower. Refer to the
Infiltometer manual (pages 34-50) as required.

4.

Connect the pressure transducer to the AIM via the correct channel in the
break-out box.

5.

Allow a small amount of water to run from the disk by slowly opening the
large black valve in the tube connecting the water tower to the membrane
disk. Close the valve and stop the release of water when the level in the
water tower reaches approx 30 mm (3 cm) or just below.
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6.

With the valve closed and the water level stabilised in the water tower read
the mm value from the relevant channel box in the AIM interface on the
PC.

7.

This value should match very closely the level shown on the scale on the
side of the infiltrometer.

8.

Repeat this procedure of releasing water and checking that the level shown
on the interface matches the level of water in the water tower.

9.

It is only necessary to check the level at few points down the water tower.
One at the top, one in the middle approx. 350 mm and one at the bottom of
the scale at 750 mm.

Channel Calibration
1.

Connect from the AIM to the PC via the USB connection. Open the
Instrument software and connect to the AIM.

2.

Set the AIM to Manual Mode by selecting “Manual” from the
Measurement Mode drop down box and select
“Update Measurement Options”.

3.

Fill the infiltrometer water tower to about the 25 mm (2.5cm) mark and
set it up in the same way as you would if taking a set of measurements.
Sit the membrane on the soft towel or sponge making sure the top of the
membrane disk is level with the bottom of the water tower. Refer to the
Infiltometer manual (pages 34-50) as required.

4.

Connect the pressure transducer to the AIM via the correct channel in the
break-out box.

27
ICT International
Enabling better global research outcomes in soil, plant & environmental monitoring.

5.

Allow a small amount of water to run from the disk by slowly opening
the large black valve in the tube connecting the water tower to the
membrane disk. Close the valve and stop the release of water when the
level in the water tower reaches approx 30 mm (3 cm) or just below.

6.

Click on the “Channel Calibration” tab in the top right of the screen.

7.

In the “Select Channel” drop down box click on the channel you wish
to calibrate.

8.

Click on the “Start Calibration” button. The icon will change to stop
calibration.

9.

Move the cursor down to the “Start Measurement” Icon and click on it.

10.

After approx. 30 seconds a value will appear in the measured value box.
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11.

Read the water level on the scale attached to the water tower.

12.

Enter this value into the Calibration Value box.

13.

Click the “Add to Calibration” button.
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14.

Allow more water to run from the water tower until the level as
measured on the scale indicates as close as possible to 350 mm.

15.

Repeat steps 9 to 13.

16.

Allow water to run from the water tower until the level is near the
bottom of the tower, and is level with the centre of the outlet
connected to the bottom of the pressure transducer. This is the
800 mm level.

17.

Again repeat steps 9 to 13.

18.

Click on the “Calibrate” button at the lower right of the screen. The
software will calculate a slope and intercept value and the following
window will appear.
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19.

Select the “Use” button and the following window will appear
asking if you want to update the Channel calibration.

20.

You will now be returned to the Channel calibration screen,
select stop calibration.

21.

Move back to the instrument screen by selecting the instrument
tab. The channel you have just calibrated will appear in green
indicating that channel now has a calibration value attached to it.
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22.

Repeat the procedure for any other channels that require
calibration selecting the appropriate channel as required.

23.

It is worthwhile to run the calibration check procedure to verify
that the calculated values now match the levels as shown on the
scale attached to the water tower.
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Procedure on how to calibrate the pressure transducer and
derive a look up table for the AIM instrument
Introduction
This section highlights the procedure on how to calibrate a pressure transducer
as part of the AIM tension infiltrometer. ICT conducts calibration of each
pressure transducer prior to shipping the AIM instrument to customers. Under
normal circumstances customers should not have to perform such a
calibration. Customers may however wish to conduct a calibration of the
tension infiltrometers when need arises such as:
a) During the replacement of a differential transducer;
b) First time assembly. This could be, for example, you have recently purchased
the AIM data logger from ICT International and you are now retrofitting the
pressure transducer and AIM data logger to your existing or previously
purchased tension infiltrometer; or
c) When values have drifted beyond the point of channel calibration.
In such instances a calibration of pressure transducer is required in order to
derive a new look up table for use with the AIM instrument. A detailed
procedure on the calibration is shown in the subsequent sections.
Before performing any of the check or calibration procedures in this section
please familiarise yourself with the operation of both the AIM logger
hardware and software and the tension infiltrometer by reading through the
appropriate manuals.

The role of differential transducer on the AIM
The AIM has been designed to measure unsaturated flow of water into the soil
rapidly, easily and with great precision. To this end, the AIM has been uniquely
designed to automate the collection of data. The automated collection of data
relieves researchers of having to manually monitor with a stopwatch, the water
level in the supply tower over fixed time and record the data on a notepad.
Automated collection of data is achieved through connection of a differential
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pressure transducer (CL030) near the bottom of the infiltrometer and is inserted
in the tubing between the top of the water tower and the bottom of the water
tower. The fitting of a pressure transducer also reduces the effects of air bubble
induced noise therefore increasing measurement precision. The transducer is
then connected to a data logger via a break out box supplied with the system.

Setting up the Tension Infiltrometer for calibration for the first time
In order to perform the calibration you will need to have a ready supply of water
and a wet area to work on. A laboratory bench with a sink or Kitchen bench top
and sink are ideal locations. If this type of setup is not available then a container
or bucket can be used, in this case the infIiltrometer will need to be elevated
above the top of the container.
1. Check the transducer is positioned near the bottom of the infiltrometer
and inserted in the tubing between the top of the water tower and the
bottom of the water tower.
Figure 1.

Pressure transducer

Figure 1: Position of pressure transducer on the tension infiltrometer
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2.

Place the tension infiltrometer on the workbench with the ½ inch
flexible output tube attached to the bottom of the water tower and the
other end inserted in the sink or container.

3.

Close the large black valve on the output tube and fill the sink /
container such that the end of the tube is covered completely with
water.

4.

Close the clamp on the tubing between the water tower and the bubble
tower.

5.

Fill the bubble tower with water by:
•

Taking off the cap from the top of the bubble tower. Notably, pull the
air inlet tube up above the 7 cm mark but do not remove it completely
this will avoid water splashing out when cap is replaced.

•

Fill the bubble tower with water to the 7 cm mark from the top.

•

Replace the cap at the top of the bubble tower and slowly push down
the air inlet tube ensuring that water does not spill from the top.

•

Fill the water tower by:

•

Unlocking the clamp on the short air inlet tube extending from the top
of the water tower and lifting the cap off to open it up and fill with
water to the half-way mark;

•

It is necessary to remove all air bubbles in the outlet tube. This is
achieved by slowly opening the black valve and allowing some water to
run through the system while the end of the tube is completely
immersed under the water in the sink/container. Stop the flow of water
by placing your thumb over the end of the tube, while still under water,
then lift the infiltrometer up and manipulate the tower and tube such
that all the air bubbles float up and out of the tube and exit via the water
tower. Place the infiltrometer back on the bench and with your thumb
still over the end of the tube, close the black valve and place the end of
the tube under water before releasing the tube.
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•

Fill the water tower to the 25mm / 2.5cm mark.

•

Close the water tower by replacing the cap on the top of the tower and
clamping the short air inlet tube on the top.

Connecting and setting up the Infiltometer to the AIM
1.

To connect the tension infiltrometer to the data logger (AIM), connect
the green connecter which is attached to the other end of the transducer
(Figure 2) to the appropriate channel (e.g. channel one (1)) of the break
out box that is supplied with the system (Figure 3);

Figure 2: Wiring diagram for the pressure transducer and the green connector
for attaching to the break out box

36
ICT International
Enabling better global research outcomes in soil, plant & environmental monitoring.

Figure 3: Connecting a) transducer to break out box via green connector and b)
data logger (AIM) to the break out box
2.

Connect the data logger (AIM) to the break out box
as shown in Figure 3.

3.

Connect the AIM to a laptop/PC via USB cable;

4.

Open the instrument software and connect AIM to the software
following procedures detailed in Section 7 of the AIM manual;

5.

From the instrument software, set the AIM to Live Mode’ by selecting
live from the measurement mode drop down box and select “Update
Measurement Options”;
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Calibration process
The purpose of the calibration is to record the mV output of the transducer and
relate it back to the height scale of the infiltometer. The relationship between
the sensor and the scale is linear so we only need to take a few measurements at
varying heights to establish a look up table to relate sensor output to water
height in mm.
1. Set the air inlet tube on the bubble tower to approx. 21 cm.
2. Open the clamp on the tubing between the water tower and the bubble tower;
3. Allow a small amount of water to run from the water tower by slowly
opening the large black valve in the outlet tube. Close the valve and stop the
release of water when the level in the water tower reaches 40 mm (4 cm).
The flow of water can be regulated by either controlling the opening of the
black valve or by lowering the level of the air inlet tube in the bubble tower.
NOTE: The end of the outlet must remain immersed in the Sink / container
at all times during the calibration.
4. Read the value in mv from the instrument software and record this value
against the scale on the water tower, on a note pad or piece of paper for later
reference i.e. 40mm = x.xxxmV
5. Repeat steps 3 & 4 at the following levels. 100mm, 350mm, 700mm, 760mm
& 800mm and record the mV reading for each level. You will note that
800mm is not marked on the water tower scale. This level is reached when
the water in the tower has stopped flowing out. The level will be approx. half
way over the outlet port.
6. NB: Should the bubbling from the bubble tower stop, adjust the suction
slightly (± 0.5 cm).
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To create the look up table, follow the following procedures
1. On the instrument software, set the measurement mode to manual and update
measurement mode.
2. Select the tab labelled “Lookup Tables”. The following screen will be
displayed.

3

If you are replacing an existing table then select the table form the drop
down menu next to the refresh button. The values can be removed by
selecting one line at a time and clicking “Delete Item” button located at the
bottom of the table.

4

If you are creating a new table then select a vacant table from the drop
down menu. Five tables are available labelled 1 to 5. If a table is free to use
then no data will appear when selected.
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5

Click in the box labelled ‘Table name: and enter the name of the table. We
suggest using the serial number of the aim the infiltometer is connected to.
If you have more than one infiltrometer connect to the one logger then an
extension indicating which channel it is connected to will help differentiate
between instruments e.g. AIM1E401-1, AIM1E401-2.

6

Under ‘Unit” select box and type mm.

7

Under “Add a conversion item” select the mV box and enter the value of
the voltage for the first level recorded. Select the mm box and enter the
height value for the first level recorded. E.g. if the first record was 40mm =
-8.47mV then you would enter -8.47 in the mV box and 40 in the mm box.

8

Click “Add item” and the values will be recorded in the table.

9

Repeat 7&8 for all the values recorded and select “Update table” and the
lookup table will be saved.

Go back to the instrument tab select the new table by clicking on the drop down
menu located at the right hand side, for the channel that you have just
calibrated. Click on the upward arrow located on the right hand side above the
drop down menu and then follow the steps in the calibration check
procedure.
You now have a calibrated table for the sensors you have just tested. It is
suggested you now perform the calibration check procedure to verify the data
you have just entered.
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Tension Infiltrometer
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Appendix B:
Setting up the Tension Infiltrometer for use with the AIM
1.

Introduction

The Tension Infiltrometer is designed to measure the unsaturated flow of water
into soil rapidly, accurately, and easily. Automated collection of data is achieved
through connection of a differential pressure transducer to AIM
Applications of the infiltrometer include measurement of macropore and
preferential flow, estimation of soil structure, and characterization of the soil
hydraulic conductivity/water potential relationship.

2.

Design Features

The 20 cm diameter infiltrometer has been designed to operate in two modes.
In mode one the infiltration disc is separated from the water tower. In mode two
the infiltration disc is attached to the bottom of the water tower, using the supplied
connector. Operating the infiltrometer in mode one is especially advantageous
when taking measurements under windy conditions. If the infiltration disc is
attached to the water tower, even a small movement of the water tower by wind,
or by accidentally touching it, will affect the contact between the disc and the soil
surface and thereby the rate of infiltration of water into the soil.
By separating the control tower from the disc, chances of affecting the contact
between the disc and the underlying soil are greatly reduced. A second
advantage of operating the infiltrometer in this mode is that the weight of the
infiltrometer disc is constant during the measurements. In mode two the
weight of the infiltrometer, and thus the pressure on the soil surface, changes
during measurements as the water tower empties. Operating the infiltrometer
in mode two is advantageous where space is limited, such as in a soil pit or in
a small excavation.
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In both modes 1 and 2 the water level in the water reservoir can be determined
by measuring the change in level automatically by the AIM through the use of a
differential pressure transducer attached to the infiltrometer.
The use of a differential pressure transducer virtually eliminates bubbling ‘noise’
which increases measurement precision (Ankeny, et.al. 1988).
Figure 1 shows the SMS infiltrometer. The major components are 1) the bubble
tower (the shorter 1” ID tube) which controls tension at the soil surface, 2) the
water reservoir (the longer 2” OD tube) which empties as water flows into the
soil, 3) the disc to establish hydraulic continuity with the soil, and 4) the 1/ 2” ID
tube between the disc and the water tower.
Note: The one way valve, in the middle of the 1/2 ID tube.

Endcap

Figure 1 View of the Tension Infiltrometer
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3.

Initial Setup and Use

3.1

Preparing the Soil Surface

Infiltration can be measured with or without removal of any soil crust. Typically,
about 2-3 cm of soil surface is removed in a 40 cm diameter. A pointing trowel
works well to prepare the surface. lf the soil is too wet to avoid smearing, the
measurement should wait. Gently press the metal ring into the prepared surface.
When the soil is cracked, or otherwise has many visible "macro pores", place 3
layers of cheesecloth on the soil surface in the ring to reduce soil slaking into the
macro pores. Place the contact material (e.g., fine white, slightly moistened, silica
sand) in the ring and level with a straightedge. There should be no sand outside
the ring. The effective diameter for calculating the conductivity is the diameter of
the sand circle. Remove the metal ring..

3.2

Filling the Infiltrometer in the Field

1.

To fill the infiltrometer disc, it is most convenient to submerge the disc,
without the 1/2-inch tubing attached, in a dishpan with water. This will
completely wet the pores of the nylon mesh attached to the disc, and
allows one to eliminate all air from the disc.

2.

Close the clamp on the tube connecting the top of the bubble tower with
the bottom of the water tower.

3.

Close the one-way valve of the 1/2-inch tubing connected to bottom
of the water tower, and remove the top from the water supply tube. Fill
the water supply tube until about 2.5 cm from the top. When full,
replace the top.

4.

Hold the water tower over the dishpan holding the disc, and slip the open
end of the 1/2" flexible tube over the elbow of the disc.

5.

Open the one-way valve, and move the water tower back and forth so that
all air in the 1/ 2" tubing moves to the top of the water reservoir.
Close the one way valve.
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6.

Place the disc and water tower on a flat, clean surface.

7.

Remove the top from the water tower and refill to the 2.5 cm mark and
replace the top.

8.

Remove the top from the bubble tower and then fill the bubble tower
until 7 cm from the top. When full replace the top and adjust the air inlet
tube to required height.

NOTE: The calibration factor is assumed to be 4 cm so the air entry tube would
need to be set 4 cm below the level required. If a height of 8 cm is required then
the tube needs to be set at 12 cm
To fill between measurements close the valve in the tubing between the tower
and the disc, remove the top, and refill the water reservoir tube until about 2.5 cm
from the top. Replace the top and re-open the 1/2-inch valve.

3.3

Starting the Measurements

1.

Place the disc on the sand.

2.

Inspect the sand/disc interface to assure good contact. Poor contact results
in poor data.

3.

Make sure the bottom of the bubble tower and the disc membrane
are at the same elevation during measurement (use of a carpenters level is
recommended) if this is not the case, the tension at the membrane
will be different than set with the air entry tube.

4.

Connect the Cable with the green connector coming from the pressure
transducer to the correct channel in the break-out box connected
to the AIM0.
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5.

Setup the AIM logging interval as described in that section of the
manual.

6.

Start infiltration as quickly as possible after putting the disc on the sand
surface. If this is not possible, and in order to prevent air bubbles
from entering the disc through the membrane, use a water
atomizer (used to spray house plants)
to moisten the surface of the sand before placing the disc
on the sand.

7.

It is recommended to make measurements from high to low tensions
(e.g.15, 6, 3,). lf the soil is wet initially, for example after an experiment
at h=-3 cm, then it will take some time before air bubbles commence at a
higher tension, e.g. at h=-15.

8.

Partially open the valve in the tube connecting the water tower to the
disk and allow small amount of to escape until the level as shown on the
scale is approx. 3.0cm then close the valve. This will establish the
pressure in the top of the tower.

9.

To start infiltration make sure the clamp on the top of the air inlet tube
is open and the clamp on the tube between the two towers is open
then open the valve in the tube connecting the water tower to the disk.

10.

Bubbles should appear first in the bubble tower then rise up through the
water tower to indicate infiltration is taking place.

11.

The rate of infiltration can be judged by how fast and the number of
bubbles that are rising in the water tower.
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4.

Field Use of the Tension Infiltrometer

4.1

Estimating Measurement Times

For the analysis presented in section 5 it is necessary to reach steady state
infiltration. The time needed to obtain a steady-state rate in unconfined infiltration
measurements depends upon initial soil water content and upon hydraulic
properties of a given soil. ln general, drier soil and lower hydraulic conductivity
result in a longer infiltration period needed to reach steady-state infiltration. The
change in rate over time should be monitored to confirm that steady-state rates
are reached. Data is collected for 1000 seconds under most conditions except for
dry, high bulk density areas. Not reaching steady-state results in an overestimate
of hydraulic conductivity. In very porous and sandy soils, steady-state rates are
reached much earlier and measurement times can be shorter.

5.

Infiltration Data Analysis 1

5.1

Theory: From 3-D Rates to Hydraulic Conductivity

The following method based on Wooding’s work (1968) can be used to calculate
the hydraulic conductivity versus water content relationship from unconfined
infiltration. Wooding proposed the following algebraic approximation of steadystate unconfined infiltration rates into soil from a circular source of radius r (cm)
1)

Where Q is the volume of water entering the soil per unit time (cm3 hr-1),
K (cm hr-1) is the hydraulic conductivity, is a parameter, and h (cm) is the matric
potential or tension at the source. The value of h will normally be negative
corresponding to a tension at the water source; however, it can also be zero. lt
is assumed that the unsaturated hydraulic conductivity of soil varies with matric
potential h (cm) as proposed by Gardner (1958).
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2)

Where Ksat is the saturated hydraulic conductivity (cm hr -1). Although (1) can be
used for unsaturated and ponded infiltration, (2) applies only for h <= 0.
With the tension infiltrometer one measures the volume of water (Q) entering the
soil per unit time through the porous membrane at a minimum of two tensions,
e.g. h1 and h2.
For unsaturated soil, and upon replacing K in (1) with Ksat exp (αh), and after
substitution of h1 and h2, respectively for h in the combined equation one obtains:

3)

4)

Dividing (4) by (3) and solving for α yields:

5)

Because Q(h1) and Q(h2) are measured, and h1 and h2 are known, α can be
computed directly from (5).
With α known, one can now calculate Ksat from (3) or (4).
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Once Ksat and α are known, their values can be substituted in (2), yielding
the relationship between hydraulic conductivity and tension for the soil. This
relationship can be used to calculate the unsaturated conductivity at the desired
tensions. Note however, that the Ksat value obtained with the above method may
be different from the value obtained for Ksat if measured directly. One reason is
that the relationship of K(h) versus h is often not linear near h=0.
Example:
The inside diameter of the water supply tube of the tension infiltrometer is
4.45 cm, and it's radius is 4.45/ 2:2.225 cm. Assume that the radius of the sand
layer between the membrane and the soil is 10 cm. Assume further that upon
reaching steady state, the water level in the supply tube fell on average at a rate of
60 cm/ hour for h1= -5 cm, and at a rate of 10 cm/ hour when the tension was set
at -15 cm.
Calculations:
Based on the above date, the infiltration rates were: l
Q1 = (3.14) (2.225)2 (60) = 933 cm3/hour at h1 = -5
Q2 = (3.14) (2.225)2 (10) = 155 cm3/hour at h2 = -15
Calculate α from (5):

6)

From (3) one obtains:
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Ksat = 4.3 cm/hour
if With α and Ksat known, (2) becomes:
K(h) = 4.3 exp (0.1795h)
From (6) one can calculate the unsaturated hydraulic conductivity, as follows:
h = -10 cm,
K(-10) = 0.71 cm/hour h
h : -20 cm,
K(-20) : 0.12 cm/ hour
h : -40 cm,
K(-40) = 0.0033 cm/ hour

5.2

Matric Flux Potential

Partitioning of unconfined flow in the above method yields both hydraulic
conductivity and matric flux potential ɸ=K/α.
Note: the supply potential does not have to be zero.

5.3

Sorptivity

Estimation of sorptivity, S (Ψ1, Ψ2) is discussed in detail by White and Perroux
(1989). Because sorptivity is often sought as a means of obtaining hydraulic
conductivity, this manual focuses on the more direct method above. Note that
sorptivity can be calculated directly from the short time behaviour following
White and Sully, 1987.

5.4

Capillary Lengths

Calculation of capillary lengths is also discussed by White and Perroux (1989).
Philip (1985) proposed the use of the macroscopic sorptive length. A length
scale simply related to the sorptive length is the macroscopic capillary length, λc
(White and Sully, 1987), where:
7)

Wooding’s results (1986) were based on (2) for which λc is simple α-1. White and
Sully (1987) and others have used the more basic definition (7) as a basic soil
property, but note that λc is a function of the integration limits as well as K(Ψ) for
the general case.
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7.

Troubleshooting

7.1

Main Body of Device

This device is constructed of polycarbonate (Lexan) and plexiglass. Therefore, the
device should withstand normal field abuse. lf any piece of plastic does crack or
leak, a syrupy solution of plexiglass dissolved in dichloromethylene should seal
the pieces together. A glue gun will usually seal a leak, also. The tubing on the
air entry ports may lose its resiliency over time due to the pinch clamps. Periodic
replacement increases ease of use.

7.2

Porous Base Plate

During long term storage, the infiltrometer should by emptied to prevent decay
of the membrane on the base. A dirty base also promotes short-term decay.
lf the nylon membrane is damaged, the base will leak. lf the base leaks, first try
to knock any entrapped air out of the membrane by bumping the base into the
bottom of a shallow pan of water. lf this fails, the membrane will need replacing.
Unscrew the stainless steel tubing clamp. Now remove the damaged screen
and replace it with new membrane material (available from Soil Measurement
Systems). Lay the membrane over the base plate, and force the O-ring over the
membrane and the base plate, such that the membrane material is tight. Replace
and tighten the tubing clamp. Wetting the membrane by soaking it in water will
facilitate its installation. Only after testing the new membrane for leaks, should
the extra membrane material be cut off. Use a razor blade to trim the membrane
on the edges.
lf tensions beyond 30 cm tension are to be imposed on the soil surface, the
bubbling point of the nylon membrane may be exceeded. Membranes down to
submicron pore diameter are available. Nylon filters are recommended because
they are thin, tough, and hydrophilic. A caveat: high tensions usually mean low
flow rates. As flow rates decrease, other factors become more of a problem.
Expansion of water due to heating by the sun in the water reservoir may make it
difficult to maintain tension. Electronic noise and calibration errors also become
more of a problem.
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7.3

Test Infiltrometer for Leaks

1.
2.
3.
4.
5.
6.

Remove disc from the infiltrometer.
Close side hole with a stopper.
Close all the white clamps on the infiltrometer bubble tower.
Close the water reservoir with a septum stopper.
lnflate the unit to about 60 cm water pressure ( 60 mbar ).
Hold the complete unit under water and check for leaks.

7.4

Check Disc for Leaks

Before replacing the mesh screen material, the disc and the material should be
free from soil particles. They might cause leaking.
1. Connect l / 4" tygon tubing (2 feet long) with connector to the disc.
2. lmmerse the disc and tubing in water. The tubing should be completely full of
water. Make sure there is no air under the membrane or in the tubing.
3. Close open end of tubing with a tubing clamp or with a small stopper.
4. Remove disc with attached tubing from water.
5. Turn the disc, so the screen is facing up.
6. Position tubing so end of tubing is at the same level as the top of the screen.
Open the tubing, and slowly lower the end of the tubing. Watch for air bubbles
to appear below the screen. Air bubbles should start appearing when the open
end of the tubing is 25-30 cm below the level of the screen. This is the
bubbling pressure of the nylon fabric.
7. lf air bubbles appear when the tubing outlet is less than 25 cm below the screen
level, then there is a leak in the screen. Replace the screen, making sure no
loose particles are lodged between the screen and the screen support, or
between the o-ring and the screen.

7.5

Replacing the Membrane

lf the nylon membrane is damaged, the infiltrometer disc will leak. lf the disc
leaks, first try to knock any entrapped air out of the membrane by bumping the
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disc into the bottom of a shallow pan of water. lf this fails, the membrane will
need replacing. It is very important that the base plate or disc and the new screen
material are clean, and free from dirt particles. Check the base plate before putting
on a new screen. Use a 13" (33 cm) square sheet of nylon screen material. Place
the replacement screen in water, and let it soak a few seconds.
Unscrew the stainless steel clamp on the disc. Remove the large o-ring and the
damaged screen. Lay the new, wetted membrane over the inverted disc. Force the
o-ring over the membrane and over the bottom of the base plate. Pull on the outer
edges of the membrane material, such that the membrane material fits tightly over
the base plate. Replace and tighten the large clamp. Wetting the membrane by
soaking it in water facilitates correct installation of the membrane. After testing
the new membrane for leaks cut off the extra membrane material with a razor
blade.

8.

Calibration

It is recommended to check the calibration of the infiltrometer, before taking the
unit to the field. Tension at the soil surface is controlled by the relative position
of the air entry tube in the bubble tower. By turning the setscrew on top of the
bubble tower counter clock wise, the air entry tube is loosened, and can be moved
up and down. The air entry tube slides up or down easiest when wet. Once the
tube is set, turn the setscrew clockwise till it is finger tight. This will ensure that
the closure is airtight.
Under normal operating conditions the air entry tube has to be set such that its
lower end is 4.0 + x cm below the water level in the bubble tower. For example, if
the first measurements are to be taken at a surface tension of -15 cm H2O, then
the lower end of the tube should be set at 19.0 cm below the water level. lf the
next readings are to be taken at -10 cm, then the tube outlet should be set at 14.0
cm below the water level. However, it is good practice to verify this in the
laboratory, before taking the unit to the field.
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To calibrate the air entry tube settings in the
laboratory, disconnect the 1 / 2" tube between
the disc and the water tower at the disc.
Connect a 75 cm length of 1/4" or similar on
tubing to the open end of the tube. Use regular
Tubing connector for this purpose. The 1/4"
tygon is used as a water manometer as shown
in Figure 2. The water manometer is connected
to the 1/ 2" tube with valve and looped over
the bench top adjacent to a meter stick (Figure
2). After filling the water tower, open the 1/ 2"
valve for a short time to force all air out of the
manometer and out of the 1/2" tube to avoid
calibration errors.
Water will spill out of the open end of the
manometer tube. Now apply a small vacuum to
the top of the water reservoir tube, such that air
bubbles are seen rising in the tube. This can be
done with a small hand pump available from
ICT International, or better with a regulated
vacuum source. Then open the tubing clamp
on the tubing between the water tower and
the bubble tower, as well as the tubing clamp
on the short end of tubing on top of the air
entry tube. Slide the air entry tube up or down
until the desired tension on the manometer is
reached. Tension is read directly off the meter
stick taped to the bench top edge. The bench
top is the zero reference, which represents the
soil surface. The vertical distance between the Figure 2
bench top and the water level in the left arm of Calibration of surface tensions
the manometer represents the tension (in cm
water) that will be applied to the soil surface. Figure 2 shows the infiltrometer at
8.0 cm water tension. To accomplish this, the air entry tube had to be set at about
12 cm below the water level in the bubble tower.
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8.1

Following are Step by Step Instructions on how to set the
Tensions.

1. Place the infiltrometer water tower on a table or bench top.
2. Close the one way valve and remove the cap on the water tower.
3. Fill the water tower until 5 cm below the top. Replace the cap.
4. Fill the bubble tower until 7 m below the top, and place the cap with the air
entry tube on top of the bubble tower.
5. Attach 1/4 inch tygon tubing to a hand held vacuum pump.
6. Remove the end cap from the water tower. Unscrew the pipe plug from the
end cap, and replace this plug with a 1 / 4" NPT tubing adaptor. If no
suitable pipe plug can be found, use a one-hole stopper to close
the upper end of the water tower. Push a short end of plastic tube through
the hole, and attach the tygon tubing from the hand pump to this tube.
7. Attach tygon tubing to the valve and bend it under the bench in front to a meter
stick to make a manometer (see Figure 2).
8. Quickly open and close the 1/2" one way valve after removing the end cap 1
from the water tower. This causes water to force all air out of the 1/2" tube 1
and out of the manometer tubing. Attach the manometer tubing to the 1 meter
stick. Verify there is no air in the tubing near the valve or in the valve. Replace
the end cap on the water tower.
9. Open the clamp on the tubing between the water tower and the bubble tower.
Also open the clamp on the air entry tube. Apply vacuum with the hand pump
until a steady stream of bubbles appears in the water column. lt is best to use
quick, relatively short pump strokes.
10. Slide the air entry tube up or down, until the correct reading on the manometer
is obtained. For example, if a 5 cm tension is desired at the membrane, the
manometer should read 5 cm (distance from the top of the bench to the
top of water in the tube of the manometer with the water reservoir bubbling).
lf necessary adjust the air entry tube up or down. Keep pumping in
short strokes to keep the air bubbles moving.
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11. Now (while the air is moving), determine the vertical distance in cm, between
the water level in the bubble tower, and the lower end of the air entry tube. For
a 5 cm tension this distance should be approximately 9 cm.
12. Repeat step 11 for tensions of 10 and 15 cm. Verify that the correction factor is
about 4 cm for all tensions. lf this is not the case apply different correction
factors for each tension setting to be used in the field.
13. lt is recommended to perform the calibration in the laboratory.
14. In the laboratory a precisely regulated source of vacuum is much more
convenient than the use of a hand pump.
While tensions can in principle be calibrated to an accuracy of millimetres, the
precision of tension control is limited by tension fluctuations due to bubbling (+/approximately 1 cm). Therefore, at very low tensions, soil surface tension may
fluctuate to zero potential. This fluctuation should be given careful consideration
before measuring or interpreting infiltration rates less than two or three centimetres
tension. The 400 mesh nylon membrane will bubble if tensions are set for greater
than 35 cm. Tension settings of 3-, 6-, and 15 cm have proven convenient across a
variety of soils and soil conditions.
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