
1

Mechano- chemical coupling and damage creat ion 
in carbonate reservoir rocks during CO2 inject ion

François Renard,

Yvi le Guen,
Roland Hellmann & 

Jean- Pierre Gratier

Collaborations with 
IFP & GDF-Suez



2

Water migration

Long-t er m behavior dur ing CO2 sequest r at ion

CO2 is dissolved in t he r eser voir por e wat er and acidif ies it , 
enhancing f luid-r ock int er act ions.

Conditions at 800 m depth 
- T 40 ° C
- 1 16 MPa
- 3 12 MPa
- Vfluid 5- 10 cm/day
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1a Far-from eq. dissolution

Deformation by mechano-
chemical couplings

1b
Near  eq. dissolution
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Precipitation of new phases
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3f r om Chest er et al. J GR, 2007

Weakening of a r ock below t he br it t le t r ansit ion: 1) subcr it ical
cr ack gr owt h (f at igue damage), 2) pr essur e solut ion cr eep



4f r om Chest er et al. J GR, 2007

Compact ion of a quar t z aggr egat e
at 150°C, 34.5 MPa, f or 6 mont hs
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Exper iment s on limest ones: t r iaxial cell wit h f luid inj ect ion

Measurements of:
- deformation rate :

( 10- 11 s- 1 8 m in 18 
days)
- fluid chemistry

Le Guen, Renard, et al. 2007,
Journal of Geophysical Research

1 = 9 to 16 MPa

3 = 7 to 12 MPa
Pf = 6 to 8 MPa
T = 25, 40 or 80° C
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3 dif f er ent r eser voir r ocks

Limestone Estaillades : (> 95% calcite, 31%)
1 sample - 2 different fluids injected

Limestone Lavoux : (> 95% calcite, 22%)
2 samples - 2 different fluids injected

Sandstone with carbonate cement: (Quartz, feldspar, carbonate, 16%)
1 sample - 1 fluid injected

Sample dimensions : ø = 23 mm, height 45 mm
Stress: 800 m depth
Temperature : 40°C
Injection rate either zero or 0,005 ml/min; V 5- 10 cm/day
pCO2: either atmospheric or 8 MPa

1 mm

500 µm
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Lavoux limest one

saturated water 
without flow:

10- 10 s- 1

flow of water:
2.6 10- 10 s- 1

flow of water + CO2:
4.5 10- 10 s- 1

high pCO2 f luid: def ormat ion is 2x f aster
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Est aillades limest one

high pCO2 f luid: compact ion is 5x f aster

continuous injection
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dry water without CO2 water +
high pCO2

dry : 4.4 10-12 s-1

flow of water without CO2 : 1.9 10-11 s-1

flow of water with CO2 : 10-10 s-1
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Car bonat e-cement ed sandst one

dr y : 8. 4 10- 12 s- 1

f low of wat er wit h high 
pCO2: 2. 3 10- 11 s- 1

minor def ormat ion, even with a high pCO2 f luid
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Fluid chemist r y Est aillades limest one

calcium 70x more concent rated with high pCO2

Distilled 
water

with CO2

time (day)

no injection

(> 95% calcite, 31%)
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Mechanism 1: st eady-st at e pr essur e solut ion cr eep

viscous creep
occurs even in the presence of 
a saturated fluid

SEM observations after 
deformation of Estaillades 

limestone

dissolution in the contact

diffusion outside the 
contact

precipitation  in the pore

diffusion out of the pore

after Gundersen et al. JGR, 2002
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