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Geomechanical modelling of CO2 injection in 
deep aquifers
Summary
CO2 sequestration in deep geological formations 
is considered as a promising technology to reduce 
the impact of CO2 on the greenhouse effect. Practi-
cally, large-volume of CO2 could be injected into a 
system that consists of a highly porous host reservoir 
covered by a low permeable sealing caprock. High 
rate injection could result in an abrupt fluid pressures 
build-up, deforming the aquifer and compromising 
the integrity of the caprock. The interaction be-
tween the high-pressure injected CO2 and the host 
reservoir as well as the cap rock gives rise to a com-
plex engineering system. A good understanding of 
this coupled interaction is a crucial issue to secure 
the underground CO2 injection. This thesis is primarily 
motivated by such need, and the objectives of the 
present manuscript are to understand and predict 
the multiphase flow and thermo-hydro-mechanical 
processes arising from CO2 injection into deep aq-
uifers and to develop and evaluate both analyti-
cal and numerical modelling concepts as reliable 
prediction and risk assessment tools. The proposed 
tool offers a practical solution for determination of 
caprock and surface deformation, candidate site 
evaluation and sensitivity analysis of essential pa-
rameters. The development can be considered as 
one of most efficient and accurate design tools 
for estimating the influence of high injection rates 
of CO2 on surface uplift and caprock deformation, 
which accounts for the hydraulic and mechanical 
properties of the reservoir and real CO2 properties.
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More than one third of CO2 emissions arising from the combustion of fossil fuels, as in power 
generation plants. In order to transport CO2 to possible long-term storage sites, it is 
compressed using a chemical process to reduced its volume.

      Capture of CO2 

CO2 transport is mainly by pipelines under 
high-pressure. The current overall pipleline 
length is about 3,000 km, including 2,400 km in 
the United States. In Europe, small scall 
infrastructures for CO2 transportation exist in 
chemical industry. CO2 can also be transported 
in a solid state by ship, by truck or by train. 
However, the operational costs of such mode 
are relatively high. 

CO2 can be sequestrated in following three 
geological formations, widely spread, available 
and safe

A. Abandoned oil and gas reservoirs: The 
injection of CO2 into depleted oil and gas 
reservoirs whose propreities have been 
extensively studied and characterized, is 
already practiced for serveral years.

B. Saline formations:The geological formations 
constituted of highly peameable and porous 

Process of CO2 sequestration, from source to stockage site

Global CO2 emissions

30%

rocks, are usually located at more than 800m 
depth and saturated with undrinkable water 
formations containing high concentrations of 
dissolved salts. These formations, widespread 
and available practically anywhere onshore 
and offshore, offer the potentiel to CO2 
storage.

C. Unmineable coal seams: The coal fields are 
abandoned or cannot be mined economically.
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Ph.D thesis public presentation on Monday 2nd May 2016 at 16:00, room GC A3 30 EPFL 
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quées (INSA) de Rouen (France) in 2011. 
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The seminar room GC A3 30 is located at the following link: 
http://plan.epfl.ch/?room=GC%20A3%2030

The seminar will be followed by refreshments.  Thank you for 
registering on the following doodle before 27th of April:
https://epfl.doodle.com/poll/zcun9v2u4rg4fafd


