
Flow and Transport in Carbonate Rock - Complexities 

Introduced by Microporosity 
Branko Bijeljic, Department of Earth Science and Engineering, Imperial College  

Ali Q. Raeini, Department of Earth Science and Engineering, Imperial College  

Qingyang Lin, Department of Earth Science and Engineering, Imperial College  

Martin J. Blunt, Department of Earth Science and Engineering, Imperial College  

 
Key words:  differential imaging, velocity distribution, flow, transport,  microporosity 

Introduction  

Carbonate rock structures contain most of the world’s oil reserves, considerable amount of water reserves, and 

potentially hold a storage capacity for carbon dioxide. They are characterised by a wide range of pore sizes and 

variation in connectivity which exhibits a large impact on flow and transport behaviour across multiple scales [1,2].  

We have developed a methodology that uses X-ray tomography images as a basis to perform direct numerical 

simulation of flow and transport in both micro- and macro-porous regions. Differential imaging method [3,4] 

provides rich information in sub-resolution microporous space and complements the voxel-based representation of 

macro-pores.  Direct numerical simulation incorporates the following steps: firstly, flow is simulated by Navier-

Stokes equations, then streamline-based method is used to account for advection, and finally diffusion is 

superimposed by random walk. 

              

Figure 1 Segmented label images for Ketton, Portland  

and  Estaillades limestone. The solid grain phase is shown 

in black and macro pore phase is shown in white.  The sub- 

resolution pore phase is divided into sub-regions with diffe- 

rent φ values. 

Exemplar carbonate rocks with high permeability (Ketton 

limestone with permeability of ~D), intermediate 

permeability (Estaillades limestone with permeability of 

~100mD), and low permeability (Portland limestone with 

permeability of ~mD) are presented as 3D segmented 

images (Figure 1) to quantify the impact of velocity 

distributions on different macroscopic manifestations of 

flow and transport. Sub-resolution regions of different 

porosities range from two in Ketton to five in both 

Estaillades and Portland. This can gives rise to a 

significant complexity in attempts to characterise velocity 

field characteristics in macroscopic models. 

Flow connectivity of micro- and macro pore space for 

Ketton, Estaillades and Portland are shown in Figure 2. 

The highest connectivity through macro-pores is observed 

for the most permeable Ketton, then for Estaillades, while 

the lowest is for Portland. When flow through micro-

porous sub-resolution pores is considered, one can observe 

the most pronounced effect for the lowest permeable 

Portland, while the lowest impact of this effect is seen in 

the most permeable Ketton.  This implies that 

consideration of sub-resolution porosity is most important 

for the low permeability rocks, which emphasizes 

importance of experimental characterisation of this type of 

subsurface porous media.  

 



 

                                             
Figure 2: Flow connectivity in micro- and macro-pores for Ketton, Portland and Estaillades limestone. 

We demonstrate that for an accurate description of flow and transport one needs to take into account separation of 

scales. That is, families of non-trivial velocity distributions existing in micro- and macro pore space (Figure 3) need 

to be considered since they exhibit different impact on flow and transport properties. 

Figure 3 Probability distribution functions (PDF) of voxel velocities U divided by average pore velocity Uav  in microporous and 

macroporous regions of micro-CT images of (left) Ketton limestone, (middle) Estaillades limestone and (right) Portland 

limestone. Macroporous region curves are in dark blue colour; microporous regions are marked by red, yellow, light blue, brown 

and magenta colour, while their sum is marked by green colour. Full PDF of voxel velocities is in black colour. 

We discriminate different signatures of multi-scale flow transport behaviour, dependent on the heterogeneity of the 

inter- and intra-grain pore space, heterogeneity in the flow field, and the mass transfer characteristics of the porous 

media. Overall, it is concluded that in complex porous media separation of scales exists, leading to flow and 

transport which need to be described by multiple functions with distinct flow field characteristics. 
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