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Optimizing 4D hydrogeological process monitoring using cross-hole
electrical resistivity tomography (CHERT) via Bayesian experimental design
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Abstract: [Objective] Geophysical methods can effectively monitor the dynamics of water flow and material
transport in 4D hydrogeological processes, and its imaging accuracy is often closely related to the monitoring
scheme. Taking the commonly used electrical resistivity tomography (ERT) as an example, obtaining good imaging
accuracy often requires a large number of electrode arrays, leading to a long data acquisition time and inability to
respond in a timely manner to 4D hydrogeological dynamics. Previous optimization studies of ERT monitoring
schemes have mainly focused on surface ERT, whereas cross-hole ERT (CHERT) has received far less attention.
[Methods] Due to the advantages of CHERT in high-precision characterization, this study proposes using Bayesian
experimental design to optimize CHERT monitoring scheme. Through laboratory static and dynamic tests and a
field application, data acquisition time and imaging accuracy between the optimized and traditional electrode
configurations to evaluate the effectiveness of the Bayesian-based optimization. [Results] Laboratory tests
demonstrate that the optimized monitoring scheme can reduce acquisition time by approximately 75%, and the
inversion results more accurately delineate the evolving resistivity anomaly zones, thereby mitigating the lag effect
observed in traditional schemes. The field application shows that the optimized scheme can reduce monitoring time
by approximately 95%. [Conclusion] The optimization of CHERT electrode configurations based on Bayesian
experimental design provides a technical basis for efficient monitoring of 4D hydrogeological processes.

Key words: cross-hole electrical resistivity tomography; electrode arrays optimization; geophysics; Bayesian

experimental design; 4D hydrogeological monitoring
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