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Hydro-mechanical consequences
of wellbore cement carbonation
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Safety analysis of CO2 storage



Issue

[CRISCO2 Project, 2006-2009]

Safety analysis of CO2 storage

Focus on the cement wellbore integrity 



1. Sample Carbonation

2. Tri-axial testing

3. Results

Conclusions

Outline of the talk



Description of the experimental device

Sample carbonation 

Autoclave technical
characteristics

Maximum diameter
30 mm

Maximum pressure
350 bars

Temperature accuracy at 90°C
<3°C 28 MPa and 90°C carbonation

AOIP:

Temperature

monitoring

PC:

Pressure
monitoring

Temperature
regulation

Thermocouple used for the temperature regulation
Thermocouple used for the temperature monitoring
Pressure sensor

Cement characteristics

ASTM Type 1
W/C = 0.44
Cured 72 hours at 90°C and 21 MPa



CO2 saturated water

Water saturated
Supercritical CO2

Dry – scCO2

Wet – scCO2

H20+CO2

Example for 35 days of carbonation

Sample carbonation 

Results
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Test conditions

Confinement 30 MPa
Pore pressure 28 MPa

Temperature 20°C

Samples dimensions
Diam. 30 mm
Long. 60 mm

2. Tri-axial testing



Sv-Sh Sensor

P Sensor

S wave velocity

P wave velocity

2. Tri-axial testing
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Vp and Vs depend on

•Solid matrix (cement, carbonates, …)
•Porosity
•Cracks
•Saturation
•…



Loading path

1) Confinement pressure from de 0 to 30 MPa
2) Deviatoric stress cycle from 0 to 30 MPa
3) Argon saturation from 0 to 28 MPa
4) Gas (argon) permeability measurement
5) Argon drainage
6) Water saturation from 0 to 28 MPa
7) Water permeability measurement
8) Deviatoric stress from 0 to 30 MPa
9) Water permeability
10)Deviatoric stress from 30 to 50 MPa
11)Water permeability
12)Deviatoric stress from 50 MPa until failure.

2. Tri-axial testing

The tested sample in initially dried in an oven at 80°C



3. Results 
Dry Confinement Dry Deviator Permeability AC Water permeability & failure

With carbonation
front (AC)

Without carbonation
front (HC)

Non carbonated



Dry Confinement Dry Deviator Permeability AC Water permeability & failure

3. Results 

With carbonation
front (AC)

Without carbonation
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Non carbonated



Elastic properties of porous rocks : modelling using EMT, DRY
non-interactive theory (isolated penny shaped cracks and holes)
Counteracting effects of pore and cracks

The elastic potential can be written:

Stress interactions between holes and cracks

DRY:

Dry Confinement Dry Deviator AC Permeability Water permeability & failure

3. Results 
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[Fortin et al.,J.Geol.Res., 2007]
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Elastic properties of porous rocks : modelling using EMT, DRY
non-interactive theory (isolated penny shaped cracks and holes)
Counteracting effects of pore and cracks

Dry Confinement Dry Deviator AC Permeability Water permeability & failure

3. Results 

[Fortin et al.,J.Geol.Res., 2007]



Connected domain       CO2 leakage pathway

Dry Confinement Dry Deviator AC Permeability Water permeability & failure

3. Results 

With carbonation
front (AC)

Without carbonation
front (HC)

Non carbonated



Dry Confinement Dry Deviator AC Permeability Water permeability & failure

3. Results 

Increase of the Young modulus and
the Poisson coefficient with
carbonation time

Samples without
carbonation front

(HC)



Dry Confinement Dry Deviator AC Permeability Water permeability & failure

3. Results 

Samples with
carbonation front

(AC)

No correlations between
elastic properties and
carbonation time
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Dry Confinement Dry Deviator AC Permeability Water permeability & failure

3. Results 



Dry Confinement Dry Deviator AC Permeability Water permeability & failure

3. Results 

With carbonation front (AC)
Without carbonation front (HC)

Non carbonated



-Micro-cracks

-Evolution of elastic properties

-Permeability evolution

Pre-damages on
AC cements

Localization on the carbonation front

Conclusion



Conclusion

[Corvisier et al., accepted to European Journal of Mineralogy]

-Micro-cracks

-Moduli evolution

-Permeability evolution

Pre-damages on
AC cements

Localization on the carbonation front

VateriteCalcite Aragonite



Bonus. Chemo-mechanic coupling
Pore scale

Pore submitted
Carbonate 
precipitation

Connection channels

Pore volume variation
due to the carbonate
precipitation

Surrounding cement matrix
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Chemical porosity variation

Poro-elasticity

Masse conservation (1st order)

Poiseuille Flow



Bonus. Chemo-mechanic coupling
Pore scale
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Poro-mechanical approach
Bonus. Chemio-mechanic coupling


