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We study reactive transport in a stressed porous media, where dissolution of the solid matrix induces
mechanical weakening and compaction. The coupling between dissolution and compaction at the pore-scale is
captured by combining two discrete, overlapping representations: (i) pore network modeling of reactive transport
(following [1]) and (ii) a network of interacting linear elastic porous solid blocks. Our simulations show that
stress suppresses permeability enhancement (Fig. 1), in agreement with recent experiments [2]. We explain this
behavior by stress concentration downstream, in the less dissolved (hence stiffer) outlet region. As this region
is also less conductive, even its small compaction has a strong bottleneck effect that curbs the permeability.

Our results also elucidate how the effect of stress changes with the dissolution regime. Under wormholing
conditions (slow injection, i.e. high Damkohler number, Da), the development of a sharp dissolution front
and high porosity contrast accentuates the bottleneck effect (Fig. 1a). This reduces transport heterogeneity,
promoting wormhole competition. Once the outlet starts eroding, the extreme focusing of transport and hence
dissolution—characteristic of wormholing—becomes dominant, diminishing the bottleneck effect and hence the
impact of stress. In contrast, at high flow rates (low Da), incomplete reaction upstream allows some of the
reagent to traverse the sample, causing a more uniform dissolution. The continuous dissolution and its partial
counteraction by compaction at the outlet provides a steady, gradual increase in the effect of stress (Fig. 1b).
Consequently, the impact of stress is more pronounced at high Da during early stages (low permeability), and
at low Da close to breakthrough.

Our work promotes understanding of the interplay between dissolution and compaction and its effect on
the hydromechanical property evolution, with important implications for processes ranging from diagenesis and
weathering of rocks, to well stimulation and carbon geosequetration.
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Figure 1: Increasing stress, σ, lowers the dissolution efficiency, such that a larger volume of fluid, PV (or, equivalently,
longer time), is required to reach a given permeability, K/K0. Consequently, the dissolution front progresses further
downstream at a given K/K0 value (insets). At early times (low K/K0), stress effect is more noticeable at Da=1, delaying
the sharp rise in permeability. For example, the difference in PV required to double the permeability (K/K0=2) under
σ=60 MPa vs. σ=0, is about five times larger for Da=1 (∼45%, panel a) than for Da=0.01 (∼10%, b). This trend is
reversed later on: at breakthrough (K/K0=10), the increase in PV is about five times larger at Da=0.01 than at Da=1.
The curves represent ensemble averages from multiple realizations.


