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H43L-1038 The role of initial ice morphology in
controlling the thaw behavior of a permafrost soil
column
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Abstract

Coupling of mass balance, heat transfer and phase change in ice-bearing porous media is a complex modeling
challenge but a key component in building physics-resolved predictions of permafrost, for which we lack detailed thaw
mechanisms. At the pore-scale, complexity can arise when attempting to model freezing and thawing of the bulk
material for two reasons: (1) the heat transfer at the pore scale influences the availability, mobility and spatial
distribution of liquid water; (2) spatial distributions of ice and water in soil are highly heterogeneous in nature but are
often assumed uniform in models. It is unknown how much influence these fine scale processes and spatial
heterogeneities influence upscaled model predictions at the larger scale.

To address this knowledge gap, we develop a Darcy-scale model of permafrost that assumes local thermal non-
equilibrium of ice, water, and sediment temperatures and considers the kinetics of phase transitions between ice and
water as a function of these separate temperatures and local porosity. The thermodynamic problem is then coupled with
the Richards equation to consider unsaturated flow of meltwater in partially frozen environment. Using 1D and 2D
simulations that emulates a top-down thaw, we quantify the effects of ice distribution, grain sizes, and imposed thermal
gradients on the temporal and thermal evolution of a thawing soil column. Specifically, we focus on understanding the
role of initial ice morphology (e.g. pore ice vs. ice lens) on the thawing dynamics of a soil column.
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