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The interrelated processes that occur in planetary soils require models that combine mechanical, thermal, and fluid flow effects to solve realistic problems. On the moon the regolith is affected by sublimation of interstitial ice, while on Mars aeolian deposition can create a regolith with a strong internal structure that may collapse suddenly when overstressed or wetted. The discrete element method (DEM) is a technique for explicitly modeling the dynamics of particulate systems. It is particularly useful when a material undergoes large-scale discontinuous deformations that depend on micro-scale contact processes, internal breakage of contact bonds, and compaction of broken fragments. Discrete element models that explicitly describe the dynamics of assemblies of particles and the micro-mechanical interaction processes between grains offer a means to improve our ability to represent complex microstructure and micro-mechanical processes of lunar and Martian soils by explicitly incorporating mechanical, thermal, and fluid flow effects at the grain scale. Explicit representation of mechanics at grain contacts provides a way to identify the important processes that control deformation, directly compare physical experiments to simulations, and ensure that representative volume element (RVE) descriptions of soil deformation accurately represent micro-scale processes. At CRREL we have developed a virtual snow model based on a DEM that successfully combines mechanical, thermal, and fluid flow effects. Ice grains are randomly oriented cylinders with hemispherical ends and ellipsoids. Particle contacts are detected using a novel and efficient method based on the dilation operation in mathematical morphology. We have developed grain scale constitutive models, based on observed ice micro-scale behavior, that include contact sintering, grain boundary sliding and rotation at contacts, and contact deformation in tension, compression, shear, torsion, and bending. The contact force algorithms are temperature and rate dependent with both elastic and viscous components. Grain bonds rupture when elastic stresses exceed ice tensile or shear strength, after which intergranular friction and particle rearrangement control deformation until the snow compacts to its critical density. 
 A lattice Boltzmann flow model and a thermal conductivity model coupled with the DEM model to allow simulation of the flow and diffusion of air, water vapor and heat through the model snow. This approach can be used to model deformation and calculate material properties of frozen lunar and Martian regoliths.
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