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Introduction

Carbon Capture, Utilization and Sequestration (CCUS)
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Introduction

U.S. emissions ~ 6 Gt CO2 / yr, all sources

Geologic Sink Capacity Estimates--Adequate Storage Projected

Estimated North American CO2 Storage Potential (Gigatonnes)

Sink Type Low High

Oil and Gas Fields 140 140

Saline Formations 3,300 12,600

Unmineable Coal Seams 160 180

Hundreds of years 

storage potential

Saline FormationsOil and Gas Fields Unmineable Coal Seams

Conservative 

resource 

assessment

4,674 stationary sources identified
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Introduction

• CO2 storage reservoir: Lower Tuscaloosa Sandstone Formation; caprock: Marine Shale 
Formation (Southeast Regional Carbon Sequestration Partnership Project).

• Two rock samples (one from the reservoir and one from the caprock) were obtained.

• Both samples were exposed to CO2-saturated brine under a pressure of 23.8 MPa and a 
temperature of 85oC for 180 days.

• Laboratory-conducted permeability measurements show permeability changes of the 
samples after 180 days of exposure to CO2-saturated brine. 

• A small-scale reactive transport model is developed and results from the model 
demonstrate key mineral precipitation and dissolution processes that cause permeability 
changes of the samples.
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Introduction
Experimental studies (Soong et al., 2016, 2017)

High-pressure vessel

Core sample

Permeability measurement
Two samples are tested: one Lower 

Tuscaloosa Formation sample and one 
Marine Shale Caprock sample
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Results of experimental studies

LT LT after 6 
months

Marine
Shale

Marine
Shale after 6 

months

Porosity 26.8% 25.0% 8.65% 8.56%

Permeability 2190 mD 1925 mD 47 uD 192 uD

Fresh Lower Tuscaloosa sample Exposed Lower Tuscaloosa sample

Possible precipitation of 
SiO2 (am), kaolinite and 
barite

Introduction
Dissolution of silicates



9

Introduction

Mineral compositions and porosity of unreacted Lower Tuscaloosa sandstone 
Sample taken from 2603 m depth at Lower Tuscaloosa Formation, Jackson County, 
Mississippi
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Introduction
Mineral compositions and porosity of unreacted Marine Shale caprock 
Sample taken from 2418 m depth at Marine Shale Formation, Jackson County, 
Mississippi
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Core-scale model
Model domain and governing equations
1-D no flow reactive transport model Mass conservation equation

Porosity evolution equation

Rate of mineral dissolution/precipitation

Effective diffusivity

Software used: CrunchFlow
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Equilibrium constants (Keq) and reaction rate constants (k)

Core-scale model
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Core-scale model
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Porosity change—Lower Tuscaloosa

Interior

Porosity 

Core-scale model--results
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Mineral composition change—Lower Tuscaloosa

Core-scale model--results
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Sandstone 
sample

Calculation of permi,t (Kumpel, 2003):

Permeability calculation

n

Core-scale model--results
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Solution chemistry and permeability change—180 days  (Lower 

Tuscaloosa)

6.0

Core-scale model--results
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Porosity change—Marine Shale

Induced by dissolution of silicates

Core-scale model--results
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Solution chemistry and permeability change—180 days  

(Marine Shale)

8

Core-scale model--results
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Discussion

Potential over-prediction of permeability increase for Marine Shale sample

Delamination features

• Delamination features on Marine Shale sample 

possibly caused by de-pressurization when 

retrieving the sample from deep subsurface

• Existence of delamination features may cause 

over-prediction of permeability increase in CO2

exposure experiment

• Using a large n for permeability calculation in 

reservoir-scale model is questionable  

• Use of small n (n =1.7) instead of large n

• n value of 1.7 is validated by previous Selma 

Chalk caprock work (Zhang et al., under review) 
CT image: Marine Shale sample 

before CO2 exposure

n
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Core-scale modeling for the host rock: 

permeability decrease after 180 days of 

CO2 exposure 

Permeability evolution of core sample is not 

the same as permeability evolution in the field   

Extending core-scale results to reservoir scale

Core-scale modeling for the caprock:  

permeability increase after 180 days of 

CO2 exposure Host rock

Core-scale Reservoir-scale

Discussion
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• A reservoir-scale model is developed using TOUGHREACT 

to investigate porosity and permeability change in both LT 

CO2 storage reservoir and Marine Shale caprock

• Important modeling parameters from the core-scale model 

are the basis to develop the field-scale model

Extending core-scale results to reservoir scale

Discussion
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Model set-up

Stratigraphic column at Plant Daniel CO2

storage site in Jackson County, MS

Domain of the reservoir-
scale TOUGHREACT model

Modeling region
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Model set-up

Initial brine concentration and other important modeling parameters
Other important modeling parametersInitial brine concentration
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Results and discussion
CO2 saturation

0.8 year 30.0 years

130.0 years63.4 years



27

Very slow upward migration of injected CO2

CO2 saturation—zoom in view

130.0 years

Vertical migrating 

distance = 5 m
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Results and discussion

pH

Different from core-scale CO2 exposure experiment, strong pH buffering effect of the LW 
Formation in the reservoir-scale simulation significantly rises pH.

130.0 years

0.2 year 15.9 years

30.0 years
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Results and discussion

Mineral dissolution

Chlorite (t=130.0 years)

Initial vol% in LT = 1.46%

K-feldspar (t=90.0 years)

Initial vol% in LT = 0.73%
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Results and discussion

Mineral dissolution

Due to strong pH buffering effect, dissolution of Na-feldspar is not 
significant.

Quartz (t=130.0 years)

Initial vol% in LT = 67.3%

Na-feldspar (t=130.0 years)

Initial vol% in LT = 1.46%
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Results and discussion

Illite (t=130.0 years)

Initial vol% in LT = 0.73%

Mineral precipitation

Strontianite (t=130.0 years)

Initial vol% in LT = 0%
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Results and discussion

Kaolinite (t=130.0 years)

Initial vol% in LT = 0.73%

SiO2 (am) (t=130.0 years)

Initial vol% in LT = 0%

Mineral precipitation
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Results and discussion

Mineral precipitation

Siderite (t=130.0 years)

Initial vol% in LT = 0%
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Porosity change

Porosity—30 yearsPorosity—0 year

Porosity—90 years Porosity—130 years
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• LW Formation: Porosity increase caused by dissolution of 
chlorite and K-feldspar; porosity decrease caused by 
precipitation of SiO2 (am), siderite and strontianite. 

• LW Formation: Net porosity increase is small in the 130-year 
simulation period. Permeability increases from 2190 mD to 
2265 mD at a cell close to the injector.

• Marine Shale: Negligible porosity and permeability change in 
the 130-year simulation period. 

• Strong pH buffering effect is the primary reason to cause 
small to negligible permeability change of both LW Formation 
and Marine Shale Caprock. 

Discussion
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Summary

• A reservoir-scale reactive transport model is developed based on modeling 

parameters validated by CO2 exposure experiment and core-scale reactive 

transport model.

• Permeability change predicted by reservoir-scale model is different from 

permeability change predicted by core-scale model.

• The primary reason to cause discrepancy between reservoir-scale modeling 

results and core-scale modeling results is the strong pH buffering effect on pore 

water in LT Formation.

• Mineral dissolution and precipitation have small to negligible impact on porosity 

and permeability of both LW CO2 Storage Formation and Marine Shale Caprock in 

a 130-year period.
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Thank you for your time!


