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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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• CO2 is compressed to supercritical conditions and injected into voids (pores) in rock that are originally 
occupied by water, oil, or gas.

• CO2 must be trapped (e.g., by low permeability units, dissolution into brine, residual trapping, 
conversion to solid carbonates, or sorption).

Concerns
• Injection of  CO2 into deep saline formations may cause a range of  coupled thermal, hydrodynamic, 

mechanical and chemical process (White et al., 2003).
• The changes could cause the dissolution of  mineral and/or precipitation of  secondary mineral phases, 

and thus change the morphology, porosity, permeability of  hosting rocks (Luquot and Gouze 2009.,  H. 
Shao et al., 2010, Liu et al., 2012, Soong et al., 2014, 2016, Zhang et al., 2015, 2016)

• Therefore, understanding the interactions between minerals and CO2/brine is critical to achieve better 
prediction of  the short/long storage of  CO2.

• What would be the long term impacts of  CO2 on storage formation and seals (30 years or longer) ?  

Is geologic storage of CO2 conceptually simple ?
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Escatawpa, Mississippi
Plant Daniel Site (Saline) : Validation Phase
Saline formation :(Massive Sand, Lower Tuscaloosa)
CO2 injected 2,740 metric tons
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Lower Tuscaloosa Formation
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Lower 
Tuscaloosa 
Massive Sand

Marine
Shale

Selma Chalk

Depth (m) 2611 2418 1894

Porosity 26.5 8.65 12.4

Quartz 77 60 3

Chlorite 6 9 3

Kaolinite 3 5 2

Illite 3 5 2

K-feldspar 1 2 ~

Plagioclase 7 12 ~

Calcite 1 5 90

Pyrite 2 2 ~

Samples from Escatawpa, Mississippi
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Goal : To understand the impacts of CO2-brine-rock interactions on chemistry 
process, porosity, permeability properties on storage formations and seals.

Approach : To characterize physical and chemical attributes of formation rock
and brine samples before and after the exposure of CO2. To measure
porosity, permeability, petrography, and mineralogy via various techniques,
such as CT imaging, microscopy. Conducted three six-months of
CO2/brine/Massive sand, Marine shale and Selma Chalk sandstone exposure
experiments under sequestration conditions (85 °C and 3,500 psi of CO2).

Experimental plan
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No significant change in porosity and permeability (Selma Chalk)
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Permeability of Selma Chalk fresh and after CO2/brine exposure

Fresh Exposed
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CT images of the Selma Chalk fresh (left) vs. exposed (right)

Fresh Exposed
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SEM image of Selma Chalk fresh (left) vs. exposed (right)
NaCl

Particles on pyrite

Fresh
Exposed

Changes observed:  Mechanical loss of pyrite, NaCl residue, 
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Synthetic Lower Tuscaloosa 
Brine

Brine interacted with 
Selma chalk 

Ave. (ppm) Ave. (ppm)
Al 1.06 0.74
B 1.89 6.90

Ba 9.55 4.25

Ca 11798 12404
Cd 0.03 0.03
Co 0.05 0.29
Cu 0.37 0.58
Fe 124 142
K 412 528

Mg 1035 1192
Mn 0.07 0.71
Na 43743 45946
Ni 0.73 2.70
Pb <DL 193.48
S 166 320
Si <DL 44.57
Sn 0.25 0.26
Sr 696 699

Chloride 92223 91959
Bromide 432 432.20
Nitrate <QL 5.00
Sulfate 238 303

Brine interacted with Selma Chalk/CO2 after 6 months
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• Increased conc. of  Ca, Fe, K, Mg, Na, and Si in the reacted brine may 
suggest some dissolution of  calcite (Selma Chalk)

• The permeability of  Selma Chalk showed no significant change after 6 
month in CO2/brine at 85 C and 3500 psi. (Good Seal)

Summary for Selma Chalk results
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LT sandstone permeability and porosity reduced by 17% and 6.4%
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• Fresh                                                                                       Exposed

CT images of LT Massive Sand fresh (left) vs. exposed (right)
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• Fresh                                                                                     Exposed

CT images of LT Massive Sand fresh (left) vs. exposed (right)
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SEM of LT Massive Sand fresh (left) vs. exposed (center), exposed rinsed with H2O (right)

Fresh Exposed Exposed then DI H2O rinsed

NaCl coating
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Synthetic Lower 
Tuscaloosa, Brine 

batch # 3

Brine interacted with 
Lower Tuscaloosa 

Massive sand 

Ave. (ppm) Ave. (ppm)
Al ~ 2.5
Ba 9.3 6.9
Ca 10983 10743
Cr 0.13 0.6
Cu ~ 3.2
Fe 128 176
K 374 372

Mg 999 1033
Mn ~ 2.7
Na 41122 42555
Ni 0.6 3.4
Si ~ 30.2
Sr 651 663

Chloride
87412

88230

Bromide
458

458

Sulfate 236 239

Brine interacted with LT Massive Sand/CO2 after 6 months
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• Increased conc. of  Al, Ca, Fe, Mg, Na and Si in the reacted brine may 
suggest the dissolution of  feldspar (Massive Sand)

• The permeability of  Massive Sand decreased by 17% after 6 month in 
CO2/brine at 85 C and 3500 psi.  The observation may relate to mineral 
dissolution (feldspar,..) and precipitation (kaolinite,..). 

Summary for Lower Tuscaloosa sandstone results
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Permeability fresh vs. exposed for Marine shale
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Fresh                                                                                                    Exposed

CT images of Marine shale fresh (left) vs. exposed (right)

Y

X
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Fresh

Exposed

CT images of Marine Shale fresh (top) vs. exposed (bottom)

2 mm
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Synthetic Lower 
Tuscaloosa Brine, 
batch # 4

Brine interacted 
with Marine 

Shale 

Ave. (ppm) Ave. (ppm)
Al 1.13 ~
Ba 9.48 2
Ca 11030 11392
Cr 0.133 1
Cu ~ ~
Fe 128 205
K 373 340

Mg 1009 1081
Mn ~ 7
Na 42063 43073
Ni 0.59 8
Si ~ 35
Sr 661 565

Chloride 87524 87008

Bromide 459 459

Sulfate 235 389

Brine interacted with Marine Shale/CO2 after 6 months
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• Increased conc. of  Ca, Fe, Mg, Na, and Si in the reacted brine may 
suggest some dissolution of  kaolinite, illite, chlorite and calcite (Marine 
shale)

• The permeability of  Marine shale increased by 3.4 times  after 6 month in 
CO2/brine at 85 C and 3500 psi.  The observation may relate to mineral 
dissolution (feldspar,..), precipitation (kaolinite,..), delamination that 
resulted in creating more connection of  fractures thus increase the 
permeability. 

Summary for Marine shale results
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• The permeability of LT Massive Sand decreased by 17% after 6 month in 
CO2/brine at 85 C and 3500 psi.  The observation may relate to mineral 
dissolution (feldspar,..) and precipitation (kaolinite,..). 

• Some change in permeability of Marine shale after 6 month in CO2/brine 
exposure due to creating more connective fractures.

• Selma chalk (seal) shows no observed changes in permeability/porosity after 6 
months exposure in CO2/brine under CO2 storage conditions.

• Overall the Lower Tuscaloosa formation is a suitable location for CO2 storage 
from 6 months experimental study !

• Can we predict these results via computer simulation and extend the predictions 
beyond 6 months ?

Summary of experimental study
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Model to predict permeability/porosity after six month exposure 
under CO2/brine

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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Model set-up 
Mineral compositions of unreacted Lower Tuscaloosa and 
Selma Chalk samples 

Mineral name Volume percentage 
(%)—Lower

Tuscaloosa sandstone

Volume percentage 
(%)—Selma Chalk

Chlorite
଴.଴ଵଵܵ݅ଶ.଺ଷଷܽܥଶ.ସ଼ଷ݈ܣଵ.ଽଶ଻݁ܨଶ.ଽ଺ସ݃ܯ) ଵܱ଴ሺܱܪሻ଼)

1.46 2.63

Microcline (KAlSi3O8) 0.73 0

Muscovite/Illite
ଶ.଼ହܵ݅ଷ.ଵହ݈ܣ଴.଼ହܭ) ଵܱ଴ሺܱܪሻଶ)

0.73 1.75

Kaolinite (ሻସܪଶܵ݅ଶܱହሺܱ݈ܣ) 0.73 1.75

Quartz (SiO2) 68.1 2.63

Na-feldspar (ଷ଼ܱ݈݅ܵܣܽܰ) 1.46 0

Calcite (CaCO3) 0 78.8

Porosity 26.8 12.4

Total 100 100
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Model set-up
Equilibrium constants (Keq) and reaction rate constants (k)
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Sandstone 
sample

Calculation of permi,t (Kumpel, 2003):

Permeability calculation

n
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Porosity and mineral composition change—Lower 
Tuscaloosa sandstone
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Solution chemistry and permeability change—180 days  (Lower 
Tuscaloosa)

6.0
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LT Massive Sandstone permeability vs. time
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Sample surface

Quartz 

Porosity and mineral composition change—Selma Chalk
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Solution chemistry and permeability change—180 days  
(Selma Chalk)

1.7
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Selma Chalk permeability vs. time
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• LT sandstone : Measured permeability decrease—2190 mD to 1925 mD; 
model- predicted permeability decrease —2190 mD to 2038 mD. Selma chalk : 
predicted  2.08 mD cs that of  2 mD experimental observation (6 months)

• The model predicts the permeability of  sandstone will increase from 2,190 to 
6,328 mD after 30 years

• The model also predicts the permeability of  Selma chalk (seal) will decrease 
from 2 to 0.42 mD after 30 years.

• The prediction of  changes of  the reservoir rock and the sealing formation rock 
after 30 years exposure implies potential for safe containment of  injected CO2.

Summary of simulation
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Relate to CO2 sequestration

During the CO2 injection period, Zone II is pushed away by continuous 
injection of CO2 and does not reside in a location for long enough time 
to cause permeability reduction of that location.

CO2 injection well

I II III

Zone I: CO2 plume
Zone II: Brine rich in CO2

CO2 injection well

I II III
After termination of CO2 injection, Zone II will reside in a certain 
location for long enough time to cause permeability change of that 
location, which serves as a barrier to mitigate migration of CO2.

Chemical reactions have less impact during the 
CO2 injection stage
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• Good for static system with no flow through fractures

• Results valid for homogeneous samples 

• A separate model needs to be developed for a flow-through system 
with fractured core samples.

Limitations of the core-scale model

Results and discussion
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Future work

Permeability evolution of core sample ≠ 
permeability evolution in the field   

Extending the core-scale results to field scale

Host rock

Core-scale Field-scale
• A field scale model is developed using 

TOUGHREACT to investigate porosity and 
permeability change in a hypothetical CO2

storage reservoir

• Important modeling parameters from the core-
scale model are the basis to develop the field 
scale model
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Thank you for your time!


