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Introduction

At the CSIRO Davies Laboratory the facility known as the ‘Wetlab’ is set up to
determine soil water retention curves for soils from saturated conditions to 15 bar
suction which is commonly used to estimate ‘wilting point’. Suctions ranging from 0
to 100 cm are applied to the soils using ceramic tension plates and hanging water
columns. Pressure plate extractors are used for applying higher suctions.

The data generated is processed using an Excel worksheet called
‘WETLAB.XLT’ which calculates the volumetric water contents of the soil at each
suction.

The water retention data are analysed routinely using Campbell’s equation
(Campbell, 1985):

This equation can be rewritten as:

and therefore:



This Report summarises the basic equipment used in the Wetlab and explains
the processes required to obtain the water retention data. A blank record sheet which
is used to collate the raw data and examples of water retention data produced provided
in the Appendices.

Equipment list

Hanging water column ceramic tension plate, tubing and levelling bottle
Clamps and rods to hold the bottle at various levels
Distilled water supply
Filter papers (Whatman, Qualitative, No. 4, 70 mm circle)
Fine meshed material (140 x 140 mm square)
Rubber bands
Broad spatula (at least 80 mm wide)
Balance (in grams to one decimal place)
Drying oven

Pressure plate extractor measurements

Three 5 bar pressure plate extractors
One 15 bar pressure plate extractor
Assortment of ceramic pressure plates (minimal requirement of two 1 bar
plates, one 3 bar plate and one 15 bar plate)
One burette per pressure plate extractor
Pressure supply (eg. Industrial Nitrogen cylinders, manifolds, gauges and
regulators)
Small corer, 28 mm diameter, with plunger
PVC rings, 10 mm deep and 30 mm diameter, labelled with consecutive
numbers
Distilled water supply
Atomiser spray
Narrow spatula (about 30 mm wide)
Small aluminium soil moisture tins with lids (must be light enough to
weigh to 3 decimal places)
Balance (in grams to 3 decimal places)
Drying oven
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Core preparation

Undisturbed field cores of 73 mm diameter and 50 mm deep are traditionally
used in the Wetlab. Other core sizes and other material such as repacked soil and coal
tailings have been processed successfully. With this particular core size nine cores can
be comfortably placed on most of the tension plates available in the Wetlab. Cores are
processed with coring rings remaining around the core to contain the material in its
natural state.

It is critical that the lower surface of the core maintain good contact with the
ceramic plate throughout the equilibration period. To do this the lower surface is
levelled with the ring edge and any depressions are filled with like material. A filter
paper is placed on the surface followed by a 140 x 140 mm piece of fine meshed
material, secured with a rubber band to the outside of the ring (see Figure 1). Another
band is used to keep the material away from the underside of neighbouring cores on
the plate. A flag or other type of marker is used to identify each core. This is usually
made from some tape and a pin so that the flag can be easily removed when weighing.

The core is then placed onto the ceramic plate making certain that the whole of
the lower surface maintains good contact with the ceramic.

Figure 1. Soil core showing flag, material and filter paper positioning.
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Tension plate measurements

The tension plates are usually used to determine the moisture content of soils
up to 100 cm suction. The plates can hold at least 600 cm suction so greater suctions
can be applied if required. Typically suctions of 0, 10, 30, 50 and 100 cm are applied
in routine moisture retention determination.

The tension plate needs to be connected via a length of tube to the outlet of a
levelling bottle. The whole system from bottle to ceramic must be filled with distilled
water and maintained air free (See Figure 2).

The weights of the filter paper and fine meshed material have been determined
for each suction and are:

suction weight

0 cm
10cm
30 cm
50 cm
100 cm
oven dry

3.68 g
2.93 g
2.26 g
2.20 g
2.05 g
1.28 g

An average rubber band weight should be determined for each batch of bands used
and added to the above weights. These weights are deducted from the core weight
when processing the data.

Lid

Resin
base

Figure 2. Ceramic tension plate with hanging water column.



Once the cores have been placed on the plate the lid is put in place and a
suction applied to the soil via the ceramic by adjusting the height of the hanging water
column. As a drying curve is usually determined, the first measure is one of
saturation. To obtain this the water level in the bottle is brought to a point just level
with the top of the ceramic. This creates free water at surface of the ceramic and
hence at the base of the cores. Any excess water will run over the plate edge. The
system is left to saturate for at least 24 hours. Measurement is then made by taring the
balance with a broad spatula, sliding the core onto the spatula, removing the marker
flag, placing core and spatula on the balance and recording the weight. The recorded
core weight includes the coring ring, filter paper, nylon material and two rubber
bands.

A suction of 10 cm can then be applied to the plate by dropping the bottle so
that the water level is 10 cm below the top surface of the ceramic. This is then left to
equilibrate for at least one week after which the core is again weighed in the same
way as the saturated reading.

The same process is followed for each of the remaining suctions; 30, 50 and
100 cm. The 100 cm readings should only be taken when the pressure plate extractors
and ceramic plates are ready for use as the core is sub sampled and reweighed at this
stage. The cavity beneath the ceramic should be checked periodically for air bubbles
as this is an indication of leakages. Air can leak into the cavity from poor tube
connections or from a breakdown in the glue that seals the ceramic to the resin base.

Sub sampling and pressure plate extractor measurements

The pressure plate extractors are used to determine the moisture content of
soils under greater suctions than can be applied using the tension plates (see Figure
3). Pressures of 0.3, 1, 3, and 15 bars (equivalent to 300, 1000, 3000 and 15000 cm

extractors are available all four measures can be carried out simultaneously. Nitrogen
gas is used to supply the required pressure however other sources of pressure
generation are suitable.

Pressure plates must be thoroughly saturated before use and are soaked in
distilled water overnight prior to use. A tube from the plate outlet extends through the
water to the atmosphere to enable air to escape from the cavity between the ceramic
and rubber backing as it is wetting up.



Figure 3. Pressure plate extractor.

After the soil core weight at 100 cm suction has been recorded the core is
placed on the bench and four sub samples extracted using a small corer. Each sub
sample is about 10 mm deep and is extruded into a 30 mm diameter by 10 mm high
PVC ring using the plunger. The soil core is then reweighed, rubber bands removed,

A record of each PVC ring number is maintained and the sub samples are
placed on the appropriate pressure plate. This process continues for each core so that
one sub sample from each core is placed on each of the four pressure plates. It is
essential to periodically spray the sub samples and ceramic plate surface with distilled
water during this stage to maintain a saturated plate.

Good contact of the soil with the pressure plate ceramic is again important, as
it was with the tension plates. Sub samples can be saturated and slight pressure
applied to the surface to improve contact with the ceramic. Care is needed in exerting
pressure on these sub samples, especially on those with less than 0.3 bar pressure
applied because of the influence of soil structure on soil water retention at these low
pressures. With these sub samples it is advisable to ensure that the lower surface is in

7



good condition before placing it on the pressure plate. Wetting of these sub samples
gently with an atomiser bottle helps improve contact.

The pressure plates are then placed in their respective pressure plate
extractors. The plate outlet is connected with a piece of tubing to the pressure plate
extractor outlet which extends to the burette. The connecting surfaces of the pressure
plate extractor and its lid are wiped with methylated spirit to remove moisture and
dust and the lid is secured in position on the pressure plate extractor bowl. The release
tap is closed and the regulator turned on gradually until the pressure is just below the
desired pressure. Allow a few hours for pressure to equilibrate (gauges often need
tapping to obtain a correct reading) and adjust regulator if necessary. It is important
that the pressure does not exceed the desired pressure as this could introduce
problems with hysteresis. Check for leaking pressure plates by observing regular
bubbles rising in the burette. It may be that the plate has not been adequately
saturated, has developed a leak or that gas is leaking into the tube which connects the
plate to the pressure plate extractor outlet. Check these connections. Transfer sub
samples to another prepared pressure plate if necessary.

Pressure is maintained in the pressure plate extractors until the water level in
the burette is static. This may take around one week although more time is often
required at low pressures. During this time ensure that the water level in the burette is
maintained at the same level as the plate inside the extractor so as not to add an extra
component of water potential from outside the extractor. Allow a few days of
equilibrium before making measurements.

Before releasing the gas from the pressure plate extractors ensure enough
moisture tins for all sub samples have been weighed to three decimal places. Once the
sub samples have equilibrated the tube from the pressure plate extractor to the burette
is clamped tightly and the gas is released gradually using the regulator and the release
tap on the chamber. When all the gas has been evacuated the lid is removed. Sub
samples are removed quickly, placing each one in a moisture tin and placing the lid
on. It is advisable to do all sub samples at once, placing the PVC rings on top of each
tin, as the soil will be equilibrating with the atmosphere and either losing or gaining
moisture depending on the moisture gradient. Once all sub samples are in the tins they
can be weighed and a record made of PVC ring and tin numbers. The PVC rings are
no longer needed and can be washed and stored for future use. The moisture tins

reweighed.

Pressure plates are washed after use and dried with a coating of sand over the
ceramic. This prevents fine airborne particles from lodging in the pores of the
ceramic. When dry the sand can be brushed off and the plate stored until required.



Data processing

An Excel spreadsheet (WETLAB.XLT) has been developed to convert weights
obtained and recorded in the laboratory to soil water retention data and to provide

request.
A sheet for recording laboratory data is provided in Appendix A. The data is

entered in the same order into the spreadsheet’s ‘input area’(see Appendix B). The
spreadsheet calculates the water retention values, bulk densities, air entry values,

to the expected trend of decreasing water content with increasing suction (see ‘*’ in
the ‘data output area’ of the spreadsheet). Calculations are carried out using formulas
imbedded in the ‘ancillary output area’ and the ‘output area’.

At the end of Appendix B there is an example of a plot of the soil water
retention data. The user will need to alter the series details given in the graph to suit
their particular data set.
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