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Introduction:
 The increase in Temp. will be 1-2 degrees at the end of this century.

 Different formations around the world.

 Depleted oil and gas reservoir

 Unminable coals

 Deep saline aquifers

 Saline aquifers have the most storage capacity (10000 Gt)

 Structural trapping: capillary pressure of the low permeability caprock 

 Residual trapping: Residual gas saturation where the CO2 becomes 
immobile due to the capillary forces and interfacial tension effects.

 Solubility trapping: CO2 dissolves in the formation brine 
over time during and after injection. 

 Mineral trapping: Dissolved CO2 in the form of carbonates
and bicarbonates reacts with the minerals of the rock 
leading to a precipitate as secondary carbonates.

(Nghiem et al., 2010)
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Introduction:
 Security of CO2 storage

 CO2 in the free phase moves upward due to buoyancy differences.

 High permeability fractures can provide pathways to transport CO2 towards the surface.

(Zhang et al., 2004)
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Motivation

 CO2 dissolution in Brine

 Minimizes the amount of free gas entered the formation

 CO2 saturated brine have a higher density than the fresh formation brine and it will sink to 
the formation.

 Several injection strategies have been developed so far by different researchers:

 Inject Low and Let Rise (Ozah et al. 2005)

 Surface Mixing (Burton and Bryant, 2009)

 microbubble sequestration (Xue 2009)

 Injecting water on top of the CO2 injection well (Hassanzadeh et al. 2009)

 Downhole Mixing (Shariatipour et al. 2016)
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Aim:
 Develop new methods for increasing CO2 solubility in brine 

 Objectives:

 Investigating the impact of temperature decrease by extracting heat or Joule-
Thomson effect on CO2 solubility in the wellbore condition.

 Investigating the impact of rock wettability alteration by the use of an external 
agent on CO2 dissolution in the aquifer.
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Projects conducted 
 Presenting a new technique to improve downhole mixing of CO2 and brine

 Using an external Work/Energy

 Joule-Thomson Effect

Fig. 1: Schematic of the downhole cooler equipment and process.
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Model Description:
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 Conducting simulations using CO2STORE option combined with THERMAL option:

 Applying the new idea to a real model

Fig. 2: Heterogeneity of horizontal permeability A) real model B) synthetic box model



Model Description:
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 Eclipse 300 (CO2STORE Option combined with the Thermal Option)

 CO2 dissolution in brine (Spycher and Pruess, 2005)

Input Data Value Units

H. Permeability 250 mD

V. Permeability 25 mD

Porosity 0.18

Depth 1500 m

Number of Blocks 80 * 40 * 70

Blocks Dimensions 20 * 20 * 2 m

Rock Compressibility 5.56*E-5 1/bars

Temperature 55 ̊C

Pressure 150 bars

Thickness 140 m

Injection Rate 1 Mt/year



Results and Discussion:
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Fig. 3: the Non-isothermal temperature profile through the injection well.                                         Fig. 4: Dissolved CO2 in the aquifer after 20 years



Results and Discussion:

Fig. 5: Pressure build-up in the aquifer after 20 years. A) Without cooling system. B) With cooling

Fig. 6: impact of the amount of injected CO2 and cooling on CO2 solubility in brine after 20 years
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Results and Discussion:

Fig. 7: The increase in CO2 solubility in brine with the use of downhole cooler for

different depths and the real model.

Fig. 8: Average CO2 saturation in the aquifer for different depths.
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Projects conducted (2) 
 Investigating the impact of rock wettability alteration by the use of an 

external agent on CO2 dissolution in the aquifer
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Input Data Value Units

H. Permeability 250 mD

V. Permeability 25 mD

Porosity 0.18

Depth 1500 m

Number of Blocks 80 * 40 * 70

Blocks Dimensions 20 * 20 * 2 m

Rock Compressibility 5.56*E-5 1/bars

Temperature 55 ̊C

Pressure 150 bars

Thickness 140 m

Injection Rate 1 Mt/year



Results and Discussion (2): 

Fig. 9: the impact of reservoir wettability on CO2 solubility.                                               Fig. 10: Impact of wettability on the amount of trapped CO2.
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Results and Discussion (2):

Fig. 11: impact of injection rate on CO2 solubility in the aquifer.                            Fig. 12: Impact of permeability heterogeneity on CO2 solubility in the aquifer.
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Results and Discussion (2):

 The CO2 plume shape and movement in the reservoir is different in each case 

of wettability.

Fig. 13: The mole fraction of dissolved CO2 for different wettability conditions. A) Homogeneous system. B) Heterogeneous system.
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Results and Discussion (2):

 Wettability profile in the reservoir with regards to distance from the wellbore 

in terms of contact angle.



𝛿𝑇

𝛿𝑡
= 𝐷

𝛿2𝑇

𝛿𝑥2
− 𝑢

𝛿𝑇

𝛿𝑥
; D: Thermal Diffusivity,  u: Thermal convection velocity.

 𝑇 𝑥, 0 = 𝑇𝑖, 𝑥 ≥ 0

 𝑇 0, 𝑡 = 𝑇0, 𝑡 ≥ 0



𝛿𝑇

𝛿𝑥𝑥→0
= 0, 𝑡 ≥ 0

 The wettability data vs temperature provided by (Alnili et al. 2018).

Fig. 14: temperature profile within the reservoir                                                          Fig. 15: The contact angle profile in the reservoir.
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Conclusion (1):

 The results of this study shows that by the use of downhole cooler equipment 

the amount of dissolved CO2 in brine increases and consequently the storage 

security improves.

 The phase may change only in the wellbore which eliminates the risk of phase 

change in the tubing and consequent problems.

 The overall field pressure increase will be less than that of supercritical CO2

injection due to the higher CO2 dissolution in brine.
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Conclusion (2):
 The mixed wet wettability condition has the highest solubility of CO2 in the aquifer and 

the highest amount of trapped CO2 is in the strongly water wet system.

 injecting CO2 to the reservoir with a higher temperature than the reservoir geothermal 

temperature can change the wettability of the formation rock as the CO2 plume moves 

in the reservoir.

 the wettability state of the formation have a major impact on the CO2 plume 

distribution and consequently the dissolution of CO2 in the aquifer.
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Thank you for your attention!
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