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Geoelectric response patterns during the grouting consolidation
process in saturated loose sand layer
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Abstract: To clarify the geoelectrical response of the saturated loose sand strata in the Wugou Coal
Mine, Huaibei Coalfield, during the full water-injection-grouting process and to evaluate the effective-
ness of electrical parameters in indicating slurry migration, a three-dimensional stratified physical model

was constructed based on a representative sand-weathered zone structure. The model consists of a clay
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aquiclude, a saturated sand strata, a weathered zone, and a bedrock strata. After full saturation, grouting
tests were conducted while a multi-electrode array synchronously monitored excitation current, natural
field potential, primary field potential, and apparent resistivity, and the electrical variations throughout
the entire process were analyzed. The results show that the excitation current jumps abruptly from 5 ~
10 mA to 90 ~ 130 mA at the onset of grouting, effectively indicating the process of slurry entry and
slurry-front advancement. The spontaneous field potential exhibits a synchronous peak in the middle
stage of grouting, serving as a key signal of the strong-disturbance period. The primary field potential
increases rapidly at the early stage and then gradually declines, reflecting adjustment of the conductive
structure. The apparent-resistivity cloud map evolves from a high-resistivity pattern to a low-resistivity
one, with low-resistivity zones expanding from localized patches to connected regions, thereby directly
delineating the spatial extent and spatio-temporal evolution of slurry diffusion. Overall, the combined
use of multiple electrical parameters enables effective identification of key stages and disturbance inten-
sity during grouting. These findings provide experimental support for grouting monitoring and process
optimization in the Wugou Coal Mine and similar saturated loose sand strata.

Key words: saturated loose sandy layer; grouting for sand stabilization; geoelectric response; slurry dif-

fusion; three-dimensional physical model
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