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 To quantify key relationships in reactive 
transport models to constrain final CO2

storage estimates. 

 To calibrate down hole logging measurement 
methods to estimate carbonate formation 
permeability. 

 Our results improve prediction of changing 
CO2 storage capacity in carbonate reservoirs 
as a consequence of enhanced oil recovery 
(±30%) 
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regions for hydrocarbon recovery since the early 1900’s. The sample cores in our experiment 147 

consist primarily of dolomite, with variable quantities of silica (chert, most commonly present 148 

as cement but also in banded formation). Pyrite is noted only as isolated trace grains. Many of 149 

the common textures noted by Franseen et al (2004) are found in these subcores: fossiliferous 150 

dolostones, reef and packstone textures, and  clastic breccias, along with variable porosity 151 

types (e.g., intercrystalline, vuggy, moldic). Unlike the Weyburn-Midale limestone samples, 152 

these cores displayed abundant fracturing, especially samples A-1520A,B (Figure 1). 153 

  154 

In an effort to sample a wide range of formation permeabilities, these particular core 155 

subsamples were selected on the basis of their bulk permeability estimated from downhole 156 

logging methods (Figure 1; white diamond symbols). Not surprisingly, permeabilities estimated 157 

from downhole methods were higher than those measured in the subcores, by as much as 400 158 

times; this difference likely stems from the smaller volume of the subsample compared to that 159 

measured by the downhole tool, but it may also reflect uncertainty in the extraction of 160 

permeability data from downhole data collected in carbonate reservoirs (Doveton, 2014; 161 

Doveton and Watney, 2015). 162 

 163 

 164 
 165 
Figure 1: Depth, permeability, and representative texture for each Arbuckle dolostone sample from Kansas 166 
Geological Survey Well 1-32, Wellington, Kansas, USA. White diamonds indicate interval permeability predicted by 167 
downhole logging tools; solid blue diamonds represent bulk permeability measurements on 38-mm diameter (1.5-168 
inch) cores. 169 

 170 

 171 

2.2 X-ray computed tomography (XRCT) imaging 172 
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 749 
 750 

Figure 11: Correlation between permeability contrast (kf/ki) and dissolution front patterns. (a) The normalizing 751 
permeability (kf) is selected as 5 mD, the average final experimental value for the Marly, Vuggy, and Arbuckle 752 
samples. (b) Normalizing kf as reported by the authors.   753 

 754 

 755 
Figure 12: Qualitative correlation between permeability contrast (kf/ki, increasing towards the right) and evolution 756 
of dissolution patterns from stable to less stable.    757 
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We find that calcite dissolution rate constants (mol m-2 s-1, 25°C) vary between 10-4.6 846 

determined in single-mineral experiments (e.g., Palandri and Kharaka, 2004), to 10-4.8 fitted to 847 

our heterogeneous limestones, to as low as 10-6.8 in some homogeneous dolostone samples. 848 

Dolomite rate constants vary between 10-5.3 determined in single-mineral experiments, to 10-6.5 849 

to 10-7.3 in the heterogeneous limestones and dolostones, to as low as 10-7.5 in some 850 

homogeneous dolostone samples.  851 

 852 

 853 
 854 
Figure 13: Range of numerically calibrated exponent n values (equation 2; median values shown as diamond 855 
symbols) for rock samples characterized as homogeneous and heterogeneous dolostones and heterogeneous 856 
limestones (Hao et al., 2013; this study). 857 

 858 
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 859 
 860 
Figure 14: Range of numerically calibrated dissolution rate constant k25C values (equation 1) for calcite and 861 
dolomite dissolution, derived from results of 15 core-flooding experiments (Hao et al., 2013; this study). Gray 862 
diamonds represent rate constants calculated from Palandri and Kharaka (2004) at representative pH. 863 

 864 

 865 

6.0 CONCLUSIONS 866 

The aim of this study was to use detailed experimental data to constrain three-dimensional 867 

reactive transport models to describe and predict the evolution of pore space and permeability 868 

for geologic storage of CO2 in carbonate reservoirs. Specifically, we used empirical correlations 869 

(e.g., porosity-permeability relationship) and effective mapping of initial characterization data 870 

into macroscopic parameters to fit the continuum model to experimental data. The use of large 871 

grid blocks in the continuum model unavoidably masked some details of flow and transport 872 

phenomena at discrete fracture scales. Our approach allows the main flow and transport 873 

properties of the preferential flow paths (e.g., interconnected fractures and macro-pores) to be 874 

largely preserved in the simulations. Good agreements between model and experimental 875 

results suggest that the Darcy continuum-scale model could adequately simulate porosity and 876 

permeability evolution due to CO2-induced carbonate dissolution.  877 

 878 

We have produced a reactive transport model for use in carbonate reservoirs by combining the 879 

results of this study and previous work (Hao et al., 2013). Carbonate reactive transport models 880 

should consider varying reaction rate constants for carbonate mineral dissolution by two orders 881 

of magnitude (calcite k25C = 10-6.8 to 10-4.8; dolomite k25C = 10-7.5 to 10-5.3). Values for the 882 

exponent n, needed to describe changes in permeability as a consequence of pore space 883 

creation through mineral dissolution, should take into account the heterogeneity and 884 

mineralogy of the carbonate geology. Dissolution fronts that develop in both homogeneous and 885 
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Initial porosity: 0.2 

bulk permeability: 0.32 mD
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Decreases permeability change 

Increase the grid area by 64

bulk permeability increase
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 φ : porosity (Nuclear Magnetic Resonance)

 ν : pore shape factor (2.5 for elliptical pores)

 τ : tortuosity (X-Ray Tomography, Nuclear Magnetic Resonance)

 ρ : surface relaxivity (Calibrated Nuclear Magnetic 

Resonance)

Daigle and Dugan JGR 2011
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 Matrix porosity assessed by 

difference between XRCT 

and NMR porosity

 Use a random walk algorithm 

to extract tortuosity from 

segmented pore network

XRCT: 1.6 %

NMR: 8.1%

Matrix: 6.9%

Single XRCT Slice
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 Solve for A = 5.33 x 10-09 m2/s2

 NMR Porosity; φ = 21.7%

 NMR – T2,LM

 Measured Permeability; k = 0.027 mD

 Solve for Relaxivity; ρ = 65.6 μm/s

• Standard for carbonates is 2 μm/s

• Reflects high paramagnet content

 NMR Porosity; φ = 21.6%

 XRCT Tortuosity; τ = 3.53  m/m

 Pore shape factor; υ= 2.5 m2/m2

• elliptical pores

• could be refined with XRCT data
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 Measure the Fe/Mn

content for all samples

 Conduct a sensitivity 

study of the parameters 

and power functions



Lawrence Livermore National 

Laboratory



Lawrence Livermore National 

Laboratory

24

 Weyburn-Midale Carbon Storage Demonstration

 Wellington, Kansas Carbon Storage 

Demonstration

 Big Sky Carbon Storage Demonstration 
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 Derived key reactive-transport parameters and their 
ranges for carbonate rocks over a wide range of 
heterogeneity and initial permeability

 Conducting a validation study using core from an 
independent CO2 storage formation

 Developing a protocol for calibrating the NMR signal to 
provide meaningful in-situ permeability measurements

 Using numerical methods to scale laboratory parameters 
to reservoir

 Write final topical report on CO2 storage potential in 
carbonate rocks.
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