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Abstract: To achieve the sustainable utilization of geothermal resources, avoid thermal breakthrough caused by

low-temperature reinjection water, and ensure its long-term stable exploitation, the authors systematically evaluate the
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total reserves and exploitable potential of geothermal resources in Tonghe County, Heilongjiang rely on comprehensive
geological exploration and well-logging data using the heat storage method. On this basis, a three-dimensional
numerical model was constructed on the COMSOL Multiphysics platform, incorporating stratigraphic structure,
hydrothermal coupling mechanisms, and reinjection boundary conditions. The model dimensions are 1 600 m x
1 200 m x500 m, with a burial depth of approximately 1 400 m, and the central aquifer-type reservoir has a thickness
of 174 m. An exploitation mode of “one injection-one production” was adopted, combined with a cyclic injection-
production operation scheme, in which reinjection and production wells operated at equal flow rates. The evolution
regularity of the reservoir temperature field under different combinations of production and reinjection rate and well
spacing was comprehensively analyzed. The migration path of the cold-water front and its impact on production well
temperature were examined, with a temperature drop of 2 °C at the production well defined as the criterion for ther-
mal breakthrough, thereby determining reasonable parameters for well spacing and production and reinjection rate.
The results show that the total geothermal heat storage in Tonghe County is approximately 2. 07 x 10" J, with
exploitable resources equivalent to 2. 17 x 10" t of standard coal, indicating significant development potential. The
simulations further reveal that the cold front generated by reinjection of low-temperature reinjection water progres-
sively advances toward the production well over operation time. Excessively small well spacing or overly high
production and reinjection rate aggravates thermal interference and induces premature thermal breakthrough, there-
by reducing system service life and heat exchange stability. To ensure 100 years of continuous operation without
thermal break-through, the minimum safe well spacing must be strictly matched with the production and reinjection
rate. Specifically, when the rate is 30 m>/h, the well spacing must exceed 300 m, and for rates of 40, 60, 80,
100, and 120 m’/h, the required well spacing should increase correspondingly to 350, 400, 450, 500, and 550 m,
respectively.

Keywords: geothermal reinjection; hydrothermal coupling; thermal breakthrough; well spacing; numerical

simulation; Tonghe County
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Fig.1 Geological map of Tonghe County exploration area
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Fig. 2 Drilling column of exploration and mining wells
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Fig. 9 Prediction of temperature changes in production wells under different mining conditions
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