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Abstract: 
We will present the results of investigations into subsurface, steady-state, multiphase flow 
behaviour at the pore scale. Synchrotron X-ray micro tomography has been used to ob-
serve and characterise dynamic and equilibrium fluid displacement at reservoir 
conditions. We observe a previously unidentified type of steady-state flow behaviour that 
we term "dynamic connectivity", where the flow of the non-wetting phase occurs through 
a network of connections that continuously rearrange between filled pores. This observa-
tion suggests that we need to modify our models of two-phase flow that are fundamental 
to describing subsurface flow processes such as geologic CO2 storage and hydrocarbon re-
covery. 
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Abstract:  
Upscaling pore scale rock-fluid interaction processes for predictive modelling poses a chal-
lenge to underground carbon storage and acid-well injection strategies.   Here we present 
the results of experiments and flow modelling to investigate the impact of pore-space 
heterogeneity and scale on the dissolution of two l imestones at both 
the mm and cm scales in the presence of CO2-saturated brine. We found that both lime-
stones showed channel formation at the pore-scale and progressive high porosity pathway 
dissolution at the core-scale with the more heterogeneous rock having dissolution pro-
gressing along direction of flow more quickly. Additionally, upon analysis of the high-reso-
lution macro core images we found that the dissolution pathways contained a distinct mi-
crostructure that was not visible at the resolution of the medical CT, where the reactive 
fluid had not completely dissolved the internal pore-structure. This work represents the 
first study of scale dependency using reservoir condition 4D X-ray tomography and pro-
vides insight into the mechanisms that control local reaction rates at multiple scales. 
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