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Induced polarization tomography applied to the detection and the )
monitoring of leaks in embankments | Sl
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ABSTRACT

During an induced polarization survey, both electrical conductivity and chargeability can be imaged. Recent petrophysical models have been developed to provide a
consistent picture of these two parameters in terms of water and clay contents of soils. We test the ability of this method at a test site in which a controlled artificial
leakage can be generated in an embankment surrounding an experimental basin. 3D tomography of the conductivity and normalized chargeability are performed
during such a controlled leakage. Conductivity and induced polarization measurements were also performed on a core sample from the site. The sample was also
characterized in terms of porosity and cation exchange capacity. Combining the 3D survey and these laboratory measurements, a 3D tomogram of the relative
varlation in water content (before leakage and during leakage) was estimated. It clearly exhibits the ground water flow path through the embankment from the outlet
of the tube used to generate the leak to the bottom of the embankment. In addition, a self-potential survey was performed over the zone of leakage. This survey
evidences also the projection of the ground water flow path over the ground surface. Both methods are found to provide a consistent picture. A 2.5D time lapse
tomography of the electrical conductivity and normalized chargeability was also performed and evidences the position of the preferential flow paths below the
profile. These results confirm the ability and efficiency of induced polarization to provide reliable information pertaining to the detection of leakages in dams and
embankments.
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C. Ling™®, A. Revil”*, F. Abdulsamad”, Y. Qi", A. Soueid Ahmed", P. Shi¢, S. Nicaise", L. Peyras"

Check for
l updates

4 State Key Laboratory of Geohazard Prevention and Geoenvironment Protection (Chengdu University of Technology), 1#, Dongsanlu, Erxiangiao, Chengdu 610059,

Sichuan, PR China

b Univ. Grenoble Alpes, Univ. Savoie Mont Blanc, CNRS, IRD, IFSTTAR, ISTerre, 38000 Grenoble, France
© Department of Mechanics, Harbin Institute of Technology, Harbin, PR China

dIRSTEA, Aix-en-Provence, France

ARTICLE INFO

This manuscript was handled by Peter K.
Kitanidis, Editor-in-Chief, with the assistance of
John William Lane, Associate Editor

Keywords:
Geophysics
Mise-a-la-masse
Hydrogeophysics
Leak

Mountain reservoir

ABSTRACT

Localizing leaks of water and fluids from storage tanks and water reservoirs with geomembranes is an important
task for a variety of environmental applications and water resources applications. The minimally intrusive mise-
a-la-masse method is used to detect leaks with the current injected inside the reservoir and a return current
electrode located remotely. We test a new approach for the inversion of the voltage data using sandbox ex-
periments and numerical modeling. A method similar to the self-potential inversion method is proposed to
inverse the voltages recorded around the tank or reservoir. A global objective function with a data misfit term
and regularization term is minimized to invert the voltages. In the inversion process, a depth-weighting matrix is
used to strengthen the depth resolution of the current source, and the minimum support method is used to avoid
oversmoothed results in terms of leak detection. The distributions of electrical current density on the walls of
reservoir indicate the position of leaks. The results show that the inversion method with source compaction
accurately identifies the location of single leaks. For two separated leaks, there is an obvious bias for the deeper
hole and the bias increases with its depth. For three holes, the source compaction method generally identifies the
location of the three leaks when their depth ranges are similar. When one of the leaks becomes deeper, loca-
lization of the deeper one becomes more difficult. The influence of the size of the leak on the inversion results is
also investigated. The inversion algorithm overestimates the depth of small leaks while it slightly underestimates
the depth of large leaks. For a leak having the form of a crack, the inversion results using the source compaction
method agree with the position of the leak and its shape.
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