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Fig. 1 (a) Electrical resistance heating soil column device and (b) site geometric model
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Fig. 2 Measured and simulated values of the center point temperature of the soil column, added with different volumes of
different solutions
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Fig. 3 Cross-sectional temperature field of the site heated for 70 days under different electric field intensities
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Fig. 5 Effect of electrode spacing and replenishment of water near the electrode on central point temperature of simulated site
under the electric field intensity of 90 V-m™
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Fig. 6 Influence of groundwater velocity on temperature field of site
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Fig. 7 Influence of groundwater rising speed on temperature field of site
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Modeling of the heat transfer of in-situ electrical resistance heating
remediation and numerical simulation
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Abstract The selection of process parameters of in-situ electrical resistance heating (ERH) technology in site
restoration is still lack of scientific theoretical guidance. A numerical model of ERH heat transfer was
established to simulate the soil temperature field with different operation parameters, so as to provide theoretical
guidance for the selection of operation parameters. The accuracy of the model was verified by the ERH
experiment using a soil column device, and the effects of electric field intensity, electrode spacing and
groundwater flow on the soil temperature field during in-situ three-phase resistance heating were discussed at a
site scale. The results showed that the mean square error between measured and simulated values was in the
range of 0.05~12.29, and the average relative error ranged from 0.42% to 5.32%, indicating that the model was
of good accuracy. With the increase of electric field intensity, the soil heating rate increased significantly. When
the electric field strength was 90 V-m™', considering the number of electrode wells, heating time and energy
consumption, the suitable electrode spacing was 6 m. Replenishing water to the heating electrode could
significantly shorten the heating time. Rapid groundwater flow reduced the temperature rising rate of the site,
which was not conducive to the remediation of the site. Appropriate engineering measures should be taken to
alleviate the heat loss in the site with fast groundwater flow rate. This study provides a reference for the design
and running of in-situ ERH remediation engineering.

Keywords soil remediation; in-situ electrical resistance heating; numerical simulation; heat transfer; electric

field strength; electrode spacing; groundwater
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