Soil moisture and
density measurements
Agriculture
Determination of need for
irrigation or drainage
Study of soil moisture/plant
Growth relationships
Hydrology
Water balance measurements
Geology
Water balance measurements
Determination of porosity
Industry
Ask for special industry
equipments

Description

Today the Depth Moisture/Density Probe is used in more than 40 countries. This
is mostly because it is a very stable probe which measures with a very high
accuracy. The combination of both moisture and density measurings in the same
probe also makes it cheap to buy. The probe is portable and because the density
part of the probe is easily detached, when not in use, it is quite handy. The density
measurings are only made in newly drilled holes to find the dry density of the soil
and as dry density normally not change from time to time the density which is
once found normally will be the same for the rest of the time.
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Method

Moisture measurements

Fast neutrons emitted from the neutron source penetrate into the
surroundings of the probe. Neutrons rebound when hitting atoms.
In collision with hydrogen atoms neutrons lose energy and they are
slowed down. Hydrogen is a constituent of water. In soil and many
other materials water is generally the only source of hydrogen.
Some of the neutrons slowed down by hydrogen reach the lithium
glass scintillator which emits light flashes when hit by a slow
neutron. This light flashes are converted into electric pulses by
the photomultiplier. The pulses are counted by the instrument. An
increase in moisture content gives an increase in the number of
slow neutrons scattered back into the scintillator and this gives an
increase in the count rate.

Density measurements

Gamma radiation emitted from the gamma source penetrates into
the surroundings of the probe. Gamma radiation can either be
scattered or absorbed when hittings atoms. Some of the gamma
radiation scattered back from the material surrounding the probe
hits the lithium glass scintillator and cause ligth flashes which are
converted into electric pulses by the photomultiplier. An increase in
soil density causes an increase in the absorption of gamma radiation
and less gamma radiation reaches the scintillator. The intensity of
the light flashes due to gamma radiation is much smaller than the
intensity of ligth flashes due to neutrons.
The electric pulses from the photomultiplier have a pulse high proportional to the intensity of the ligth
flashes. Thus, neutrons (due to moisture) give large electric pulses, while gamma radiation (giving information about density) gives small electic pulses. By means of a pulse height analyzer either the large or small
pulses are counted.

Calibration

Together with the probes, calibration curves are delivered for each
probe so that the measurings can be made immediately after the
equipment is received. No time is needed to make calibration curves
for each measuring purpose.
As it appears from the calibration curves the calibration depends
to some extent on soil density. This is an inherent of the neutron
method for moisture measurements. The error is not very significant
if only moisture changes have to be measured, but if high accuracy
is required or absolute measurements are needed, it is necessary to
take soil density into consideration. This is done in a very simple
way with the equipment. The first time a measurement takes place
in an access tube, both moisture and wet density are measured with
the combined probe.
From the moisture calibration curve with wet density as parameter
the moisture volume fraction is determined. By subtracting this from
the wet density the dry density is obtained. In most natural soils dry
density does not change with time and moisture variations.
The moisture probe has been specially designed to give the highest
possible resolution for moisture variations with depth, alinear calibration curve over a large range of moisture contens, an excellent sensitivity and a comparatively small influence of soil composition and
density.

Operation
Insertion of access tubes

Particularly in cases where long-term measurements or measurements of a moisture/density profile are to be
made, aluminium access tubes, 45 mm in diameter are used. Depending on the type of soil they are driven
into the ground or inserted into a bore hole. Access tubes, equipment for insertion and removal of access
tubes and hand drilling equipment with soil auger for aluminium tubes can be supplied.

Specications
Moisture Probe for Depth Measurements

Source: 1110 MBq Americium-241/Beryllium, halflife 460 years
Detector: Glass Scintillator, containing lithium, enriched 96% in Li-6
Max. temperature: 50 dgrees C - Range: 0-100% Moisture
Sensitivity: About 700 counts per minute per % moisture by volume
Dimensions: Probe diameter: 38 mm, length: 440 mm
Shield and Transport Container height: 600 mm, max diam.: 170 mm
Weight: Transport Container and Probe: 8,7 Kg Supplied Complete with 6 m cable
with plug, instruction manual, individual Calibration curve. Other cable length
optional.

Gamma Source Unit for Density Measurements

Source: 37MBq Caesium-137, halflife 30 years
Dimensions: diameter: 38 mm, length for combined moisture and density: 580 mm
Gamma Source Shield and Transport Container diam.: 170 mm height: 155 mm
Weight: Gamma Source Unit and Shield Container: 8.6 Kg
Supplied Complete with individual calibration curve. This unit is optional.

Accessories

Standard Access Tubes Aluminium tube with conical aluminium head and rubber
stopper, diameter 42 mm internal 45 mm external
Standard lengths: 2 and 3 m. Other lengths optional
Device for driving access tubes into soil: Steel tube fitting into the access tube with
sleeve holding the open end of the access tube and handle
Device for withdrawal of access tubes after use: Expansion bolt with eye
Hand Drilling Equipment with Soil Auger for Aluminium tube.

Radiation safety

The tables gives the maximum radiation dose rate in µSv per hour at any point at a given distance from
the surface of (1)the unshielded probe and (2)the transportcontainer with the probe. The dose rate values
have been determined by adding the separately measured dose rates for fast neutrons, slow neutrons and
gamma radiation. When in use the moisture probe is either in its shield or in soil. Thus, even in full time
work with the equipment the actual dose rates received are without any difficulty kept far below 300 µSv
per week which is the maximum permissible average dose rate according to the international Commission
on Radiological Protection.
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