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Fate of frozen soil layer under environmental changes, and the dynamics of water
and solute in soil under the frozen soil

Watanabe, Kunio
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To understand soil freezing and thawing under various moisture and
temperature environments, laboratory experiments and numerical analysis were performed. Solute
transport from unfrozen to frozen soil was verified, and change in the soil freezing point and
freezing rate depending on the solute transport were clarified as well as condensation of solute
into unfrozen water in the frozen soil. When water infiltrate into dry frozen soil, five temperature

regions were appeared. And, organic decomposition and nitrification in soil under the frozen soil
was investigated. It was suggested that soil water flow enhance the mineralization and nitrification

in the soil. For frost heaving, effects of anisotropy of groundwater supply route to freezing
front, and solute and foreign substances in the soil were elucidated. We also proposed ideas to

improve soil freezing model, such as non-equilibrium freezing and thawing of soil water and feasible
surface boundary conditions.
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Fig. 1 NO,-N concentration (a) in soil 8C and (b)
in soil water C when the sample with initial NO,-
N concentration of 30 cmol/L was frozen for 48 h.
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Fig. 2 Determination of heat exchange coefficient.
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Fig. 3 Surface heat flux of the soil columns with
various initial water content during freezing.
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Fig. 4 Length of stagnated region at 0 °C in the
soil sapplied various rate of surface water fluxes.
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Fig. 5 Profile of ice content in frozen dry soils
during infiltration.
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