Geological CO, storage

Technological and scientific issues




Sleipner, Norway




Sleipner. Geological setting
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Seismic monitoring
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Geochemical modeling

Comportement du stockage a court terme

Saturation en gaz

Impact des
interactions
chimiques induites
par l'injection

«Comportement de la
bulle de CO2
supercritique

+Evolution des teneurs
en CO2 dissous

*Impact sur les minéraux
du réservoir

Profondeur : 1500 m

Pression : 165 bars
Température : 70°C

CO0, injecté : 150.000 tCO2 / an
Durée d'injection : 4 ans
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Post-injection fate of CO,

CO, --> supercritical CO,
CO, --> dissolution H,CO,

CO, --> dissolution/neutralization HCO;
CO, --> solid carbonates MCO,

CO, --> Reduction « organic » carbon




New scientific questions regarding CO,
geological storage

* CO, -->supercritical CO,
 CO, -->dissolution H,CO;

* CO, --> Reduction « organic » carbon




Safety of storage

Sécurité du stockage
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Natural CQO, storage
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Thermodynamic affinity for carbonatation

M,Si,0,.,, (OH), +x CO, 5 x MCO, +y SiO, + t H,0

- M = Ca or Mg
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Solid carbonates as CO, storage mechanism

CaSiO, + CO, = CaCO, + SiO,

8

Mechanism = Dissolution + précipitation
TS

CaSiO, + H,0 + 2 CO, --> Ca?* + 2 HCO," + SiO,

Ca2+ + 2 HCO3- - CaCO3 + H20 + COZ




Kinetics : example of experimental protocol

T =90°C
Pcoo = 250 bars




Sample analyses

Quantitative
Mass balance
Acid attack

X-ray diffraction +Rietveld

Isotopes
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Phases and mechanisms

SEM, TEM, Raman, XRD, etc...




Reaction progress

!
CaSiO, + CO, & CaCO, + SiO,
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Olivine carbonatation

= = = Equilibre + Lippmann
= = = Rimstidt + Equilibre
Wogelius + Lippmann
= = =Wogelius + Equilibre
—Rimstidt + Lippmann




Isotopic monitoring

Transmissivity Lithology

[ dolerite

E Ol-rich dolerite

B chilled dolerite

L] metasedimentary rocks
] sandstone

[] siltstone

B mudstone

Target Injection Zone

K =~2.9x10" m/s

02468 0 0.05 Weff = 0.06
(L/min) (m?%/day)
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Background water

Pumping back
background water

Pumping rate: 10L/min
Volume pumped: 1400L

Submersible Pump

(_

Inferior Packer ~— —

Test Interval




Carbon isotopic monitoring

co.d _ LD23LD22 LD2o LD21
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CaCO3 dissolution

CaCOj; precipitation
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Dissolution/neutralization

MSiO3 + H20 + 2 C02 -—>> M2+ + 2 HCO3- + Si02

MCO3 + H20 + C02 -—>> M2+ + 2 HCO3-




