
Direct measurement of hysteretic water content in
por ous media using X-ray absorption

ANDREAS BAYER, HANS-JÖRG VOGEL AND KURT ROTH

Institute of Environmental Physics, University of Heidelberg, INF 229, D-69210 Heidelberg
www.iup.uni-heidelberg.de

Motiv ation

An alternative method to measure water content in porous media is pre-
sented. X-ray absorption provides direct information on water distributi-
on with high resolution in time and space. We applied this technique on
a column of sintered glass during imbibition and drainage to explore

� the hysteresis of the water characteristic
� the dynamics of water close to saturation

We compare the results to simulations using Richards Equation to inve-
stigate

� the possibility of modeling these dynamics using classical concepts

Results and conc lusions

� the sintered glass medium shows huge hysteresis of the water cha-
racteristic

� measurements show a fast in�ltration of water followed by a slow pro-
cess towards full saturation

� the simulation of imbibition can not reproduce the observed dynamics
since Richards Equation neglects the relevant multi-phase processes

� simulations of drainage are in reasonable agreement with measure-
ments

Dynamics of water content

Imbibition
At t=0 the sample was connected to free water at lower boundary

Drainage
Stationary states for decreasing water potential at lower boundary of

y m=+10hPa, -10hPa, -11hPa, -12 hPa, -13hPa
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Hysteresis
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Materials

Data shown on this poster were obtained using a sintered borosilicate glass column with h=95mm height
and 160mm in diameter. The porosity is F =42% with pore radii between 160µm and 250µm. The sam-
ple was coated with silicon to prevent air entries through the boundary surface. The X-ray absorption
coef�cients for the two materials are µglass= 0:033 1

mm and µH2O = 0:019 1
mm at a photon energy of 100keV.

Method and experimental setup

We used a X-ray system as shown
in the picture beside:

� medical tube at 141kV and
5.0mA

� ccd linesensor: 1280 square pi-
xels of size 0.4mm

� sample thickness passed by the
beam: d=155mm

� vertical resolution is given by the
pixel size of the detector

� water potential at lower bound-
ary was adjusted

Water content pro�les within a ver-
tical sheet of thickness 0.4mm we-
re measured at frequencies up to
1s� 1 during imbibition.

PSfrag replacements

DetectorSample
X-ray tube

The intensity I (Q;d) at the detec-
tor is discribed by

I (Q;d) = I0e� µ� (Q)�d

with an absorption coef�cient
that depends on water saturation
Q

µ� (Q) = (1� F ) � µglass+ Q� µH2O

To get information about the water saturation we subtract the values
measured with the completely dry column from values of the wetted co-
lumn. Then the measured values were scaled so that the results for the
completley saturated sample matches the measured porosity of 42%.


