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Quantifying dissolution dynamics in porous media
using a spatial flow focusing profile
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Dissolution processes in porousmedia produce a diverse range of patterns, depending on the relations between
flow, diffusion, and reaction rates. Determining the dissolution regimes is critical for controlling contaminant
migration, preventing CO2 leakage during geological carbon sequestration, or assessing the long-term stabil-
ity of hydraulic structures. In all of these cases, the emergence of highly efficient flow paths within rock can
dramatically alter its transport properties. To distinguish between these regimes, we analyze a spatial flow
focusing profile based on the focusing index developed by Jang (2011). We segment the medium into cross
sections along the flow direction and calculate the flow focusing index for each of them. Consequently, we
obtain a profile which is a function of distance from the inlet. Through the analysis of this profile and its tem-
poral changes, we observe various types of evolution, such as a front of increased flow focusing progressing
from the inlet in the wormholing regime or a decrease in focusing along the entire medium in the uniform
regime.

We employ this measure in numerical simulations of a dissolving porous medium using a pore-network model.
In this approach, we treat the porous medium as a system of interconnected pipes (Budek, 2012) with the
diameter of each segment increasing in proportion to the local reactant consumption. By modifying flow and
reaction rates in the simulations, we obtain a phase space diagram displaying a variety of dissolution patterns,
which we characterize using our quantitative flow focusing measure. Through this analysis, we identify the
elusive channeling regime (Menke, 2023). To generalize our findings, we investigate the impact of network
heterogeneity on the emerging flow patterns by varying its magnitude and spatial correlation. The findings
elucidate the key parameters that determine the dissolution regimes.
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