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ABSTRACT
Gas driven fracturing of soil and rock is a key process in pneumatic fracturing for enhanced contaminant remediation, stimulation of sensitive hydrocarbon reservoirs and CO2 injection and sequestration in the subsurface. Fracturing also governs natural processes such as soil drying and outgassing of crystal rich magmas. We study a simple model system: fracturing of unconsolidated wet granular material by forced injection of a gas. An in-depth analysis of both pore-scale phenomena and overall pattern formation is presented. We find that the fractures grow in an intermittent, stick slip fashion, where growth is impeded by local compaction of the deformable granular medium. The effects of material properties (grain size/shape) and injection rate are quantified, and the system is found to undergo a series of transitions in terms of observed dynamics and pattern formation. The overall shape of the fracture pattern and the spatial distribution of fracture branches are important parameters in terms of targeting mass transport in or out of the bulk formation. We propose a simple analytical model that predicts the fracture density from basic granular medium properties, and also demonstrate a transition from fracturing to viscous fingering beyond a critical injection rate.
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Fig. 1 Gas fractures in a wet granular packing.
