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Database construction and generalization for potential utility of shallow_
geothermal energy through numerical modeling of underground environments in
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This study calculated spatial-temporal distributions of ground temperatures
in an alluvial fan, Sapporo, Japan, during a one-century duration, 1921-2020, indicating that the
low-temperature plume of groundwater moves from a losing section of a river in the alluvial fan
downward to the center of the city due to extensive extractions of groundwater. The numerical study
realized that the ground temperatures were affected by natural and artificial impacts in the long
term.

This study also estimated the required lengths of a borehole heat exchanger in residence on a
regular 500-m grid across the land of Japan, considering groundwater flow effects.

Finally, this study developed the regression models based on Gaussian processes as an efficient
method to estimate the required length of the borehole heat exchangers at any location. This
approach without computational costs is applicable in practice for the design and planning of
ground-source heat pump systems.
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