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Relevance

"Faustian bargain"?
long-term CO,, geo-storage needed (C-economy + climate change)
but, it must be reliable in the long time scales

High early probability of failure
new engineering solutions: high initial P; (emergence phenomena)

Main concerns
complex geo-plumbing
unanticipated coupled hydro-chemo-thermo-mechanical processes
unrecognized emergent phenomena (including positive feedbacks)

Without paralyzing critically needed CCS, make all efforts to
anticipate potential challenges
develop proper engineering solutions

This has been the purpose of this research



kick-off meeting 1/2010

Project Objectives / Goals

better understanding of fundamental processes and couplings that may

either hinder or enhance the long-term C-geological storage

To reach this goal, we will:

Aexplore the geomechanical consequences of HCTM on geo-storage of CO,
Aidentify emergent phenomena

Abound the parameter-domain for efficient injection and safe long-term storage

Approach combines:
Afundamental pore and particle-scale experimental studies
Aupscaling numerical simulations

Amacroscale numerical modeling
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preliminary analyses
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CO, plume thickness (without a trap)
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water + CO,



CO, Dissolution and H,O Acidification
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CQ Solubility in Water
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Surface Tension and Contact Angle




Surface Tension

CO, saturation pressure
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Contact Angle

CO, saturation pressure

at 295°K at 298°K
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Invasion = Viscosity + Capillarity
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Engineered Injection

CQ(l) + water
(w/ surfactant)

0.5 -

A

> 0.4 - ﬁ CO(l) + water
5 %
o 0.3 1 o CQ(g) + water
“‘*q:_, (w/ surfactant)
& 02 - Q
) O
= § CQ(g) + water
? 01 -

O T T T E 1

0 20 40 60 80

Interfacial tension T, [mMN/m]




tttt

_’COZ

/

acidification

convection

Brine




Water in CO,

acidification C dissolution C drying C precipitation

Calcite substrate




Mass Balance Analyses
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Mineral Dissolution
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Convection
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Bending Failure in Caprock
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Mineral Dissolution - Implications

90% glass bead + 10% NaCl
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2D - diameter gradually reduced - 20% of particles
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Dissolution Rate
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Single Rock Joint / Pore Scale (FEM)
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Network Simulation: NoaReactive
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