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The injection of super-critical CO2 into the subsurface causes a disturbance in the pressure, temperature, and chemical systems within the
target reservoir. How the ambient conditions change in response to a CO2 injection ultimately affects the transport and fate of the injected CO2.
This study is focused on gaining a better understanding of the thermal effects of a CO2 injection and how the changes in temperature affect
the movement and reactivity of the CO2, as well as to investigate the efficacy of using temperature as a proxy for CO2 breakthrough.

THERMAL EFFECTS

CHEMICAL REACTIONS

MODEL SETUP

VAN GENUCHTEN PARAMETERSRESERVOIR PARAMETERS

RESULTS

THERMAL AND HYDRAULIC MODELING

THERMAL, HYDRAULIC, AND CHEMICAL MODELING

RESERVOIR-SCALE CO2 INJECTION

REFERENCES

IMPLICATIONS

CONCLUSIONS/FUTURE WORK

Han, S.H., Stillman, G.A., Lu, M., Lu, C., McPherson, B.J., and Park, E., 2010, Evaluation of potential nonisothermal
processes and heat transport during CO2 sequestration. Journal of Geophysical Research, v. 115, B07209, doi:
10.1029/2009/JB006745.

Jayne, R.S., Wu, H., and Pollyea, R.M., In Press, Geologic CO2 sequestration and permeability uncertainty in a highly
heterogenous reservoir. International Journal of Greenhouse Gas Control

Oldenburg, C., 2007, Joule-Thomson cooling due to CO2 injection into natural gas reservoirs. Energy Conversion and
Management, v. 48, p. 1808 - 1815, doi: 10.1016/j.enconman.2007.01.010

Pollyea, R., and Rimstidt, D., 2017, Rate equations for modeling carbon dioxide sequestration in basalt. Applied
Geochemistry, v. 81, p. 53 - 62, doi: 10.1016/j.apgeochem.2017.03.020

Similarity (m2/s)

Tem
perature

( oC
)P

re
ss
ur
e
(M
P
a)

255

10

15

55

50

45

40

35
30

25

20

10-11 10-09 10-07 10-05 10-3 10-1 101

30

35

40

45

D
ensity

C
O

2 (kg/m
3)

Distance (m)

Te
m
pe
ra
tu
re
(o C

)
0 100 200 300

300

400

500

600

700

800

900

1000

1100

400 500
25

30

35

40

45

Pressure / Density

Temperature

8 x 10-13 m2

4 x 10-14 m2

2 x 10-15 m2

8 x 10-13 m2

4 x 10-14 m2

2 x 10-15 m2

Temperature
CO2 Saturation
Montmorillonite
Heulandite
Calcite
Siderite
Illite

Distance (m)

Te
m
pe
ra
tu
re
(o C

)

25

30

35

40

45

0.00

0.01

0.02

0.03

0.04

0.05

Volum
e
Fraction

0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0

C
O

2
S
at
ur
at
io
n

0.1 1 10 100 1000

High Permeability (k = 8 x 10-13 m2)

Distance (m)

Te
m
pe
ra
tu
re
(o C

)

25

30

35

40

45

0.00

0.01

0.02

0.03

0.04

0.05

Volum
e
Fraction

0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0

C
O

2
S
at
ur
at
io
n

0.1 1 10 100 1000

Low Permeability (k = 2 x 10-15 m2)

Distance (m)

Te
m
pe
ra
tu
re
(o C

)

Range of Permeability
1.0 - 8.0 x 10-13 m2

1.0 - 9.0 x 10-14 m2

2.0 - 9.0 x 10-15 m2

25
0 250 500 750 1000 1250

30

35

40

45

Pollyea and Rimstidt (2017)

Han et. al. (2010)

Oldenburg (2007)

Jayne et. al. (In Press)

(1)CO2 + H2O = H2CO3 = H
+ + HCO3

(3)CA2+ + HCO3
- = CaCO3(s) + H

+

(2)
SiAl0.358Fe0.190Mg0.281Ca0.264Na0.079K0.008O3.315 + 2.63H

+ + 0.685H2O =
H4SiO4 + 0.358AL

3+ + 0.190Fe2+ + 0.281Mg2+ + 0.264Ca2+ + 0.079Na+

+ 0.008K+

JOULE-THOMSON EFFECT

HEAT OF DISSOLUTION

During injection phase, heat of dissolution effects may be an effective proxy for
CO2 breakthrough.
Joule-Thomson cooling may exhibit some control on the precipitation of secondary
mineral phases.
Due to the Joule-Thompson effect and the pressure drop in the far-field basalts
exhibit self-sealing behavior.
How do heterogeneities in reservoir affect mineralization?

- Near the well
- Far-field and fractures (i.e. self-sealing behavior)

1)

2)

3)

4)

- 432 Simulations

- Maximum Temperature = 43.6oC

- Minimum Temperature = 30.8oC

- Porosity Ranges 0.05 - 0.45
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The dissolution of CO2 into water is an exothermic reaction. In terms of a
CO2 sequestration, at the edges of the CO2 plume the CO2 dissolves into
the reservoir water and releases heat, which results in the release of ~325
kJ/kg at 40oC.

Joule-Thomson cooling refers to the temperature drop that occurs
when gas such as CO2 or N2 expands from high pressure to low
pressure. This effect has been shown to to cause 4oC to 20oC temperature
decrease during CO2 injection simulations.
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