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Fluids in the shallow crust exert important controls on a wide spectrum of natural and engineered phenomena.
The complex interaction of stress and particularly that of chemistry exhibit important feedbacks which influence
the evolution of the mechanical and transport properties of rocks. These feedbacks in turn relate crucially to the
subsurface recovery of hydrocarbons from the full spectrum of conventional through unconventional reservoirs, to
the recovery of hydrothermal and non-hydrothermal geothermal resources, to the secure and enduring sequestration
of energy by-products, and to the earthquake cycle, for example. We report on enigmatic interactions between
stress and chemistry in mediating the evolution of permeability and strength in natural and engineered systems
pushed far-from equilibrium. These include the roles of excess pore fluid pressures in driving transient changes in
permeability and as well as the influence of changes in chemical potential in systems driven far-from-equilibrium.
These effects are shown to result in significant changes in permeability that may vary on timescales of minutes to
years as feedbacks switch from mechanically-driven to chemically-driven and as the length-scale of the prototype
grows. These interactions are explored through coupled modeling including feedbacks in stress and chemistry as
relevant to high-carbon through low-carbon energy systems. Examples are selected to illustrate the significance of
these interactions in controlling the response of hydrocarbon and geothermal reservoirs, fracture treatments and
radioactive waste disposal.


