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Abstract

Reliable seismic monitoring of CO: storage sites requires accurate rock physics models (RPMs) for interpreting 4D seismic anomalies 1.
Current RPMs often assume constant rock frame properties, linking seismic changes solely to fluid substitution and stress variations. However,
experimental evidence shows that CO2 can alter the rock frame through rock-water-COz2 interactions, affecting acoustic velocities and elastic
moduli 23, thereby compromising the accuracy of subsurface CO2 imaging. This study investigates mineralogical, petrophysical,
geomechanical, and chemical responses of partially saturated, chalk and sandstone reservoir samples to continuous and intermittent CO2(gas)
under both ambient and in-situ stress conditions. SEM-EDS, CT scans, and strain and ultrasonic measurements were used to monitor rock
behaviors during tests. Dynamic moduli were then back-analyzed using effective elastic media theories to identify key controlling factors,
including strain hardening, fluid saturation, and mineral precipitation and dissolution.

Results show limited water saturation (Sw) reduction despite extensive CO2 volumes injected, suggesting that formation dry out is a slow
process, likely due to CO2 by-passing parts of the pore space. Nevertheless, local halite precipitation occurs mainly towards the inlet. No
significant mineral dissolution was observed. Furthermore, CO2 flooding led to a temporary softening of creep properties and an increased
sensitivity of Vp and Vs to stress, whereas a strengthening of the static and dynamic moduli, and pore collapse strength was observed. Notably,
Vp and Vs increased during COz injection under creep conditions, despite reduction in Sw. RPM analysis using the Hertz-Mindlin model
indicated that the acoustic changes mainly result from salt precipitation with fluid substitution and strain hardening playing a secondary role.
The ongoing experiments indicate minimal risk of mechanical instability near the wellbore, especially in chalk formations.
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=P Extensive studies on fluid substitution and dissolution effects on elastic properties
=P | imited studies on salt precipitation, mainly under aquifer conditions

=P Need for a comprehensive rock physics database to support 4D seismic interpretation across a
storage complex
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Experimental Protocol
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Continuous and intermittent CO, gas
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Type Por. [%] | Perm. [mD] | Field PV injected (Sy,)
1 Reworked chalk 34.6 1.2 Harald 300 (41 to 23%)
2 Reworked chalk 33.5 1.7 Harald 950 (40 to 30%)
3 Pelagic chalk 30 1.0 Harald 300 (22 to 20%)
4 Pelagic chalk 27.3 0.3 Harald 800 (20 to 19%)
5 Reworked chalk 38.7 3.7 Harald 3800 (21 to 17%)
6 Sandstone 11 1.5 Varg 22000(41 to 28%)
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Enhanced stress sensitivity Stress sensitivity unchanged
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 Enhanced stress sensitivity only observed in samples experiencing creep rate acceleration
 Velocity trends deviate from pre-flooding conditions below 15 MPa total axial stress

=P Creep and wave velocities are both influenced by the properties of the grain contacts
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CT scanning
Before flooding  After flooding

No evidence of large-scale dissolution
Etching of grains and additional micropores (defects)

1 2 3
Pre-flooding Closure of defects  Unloading and opening
under stress of defects

* Defects close as soon as formed due to stress
causing additional axial strain during creep

* Defects open upon unloading and impede wave
propagation
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Rock physics modeling of the experimental data during CO, injection
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» Systematic underestimation of velocity change when i) halite precipitation is not considered and ii)
using solely Hashin-Shtrikman bounds

* For chalk, salt precipitation accounts for >50% change in V,, and V (up to 80%)
* For sandstone, salt precipitation accounts for 90% of V,, change and 62% of V; change
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CCUS CO, Residence Time (1)
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* >10% increase in wave velocity due to salt precipitation in near-wellbore area of aquifers
(S,,= 100%), whereas <5% change is measured in depleted reservoirs (S,,< 40%).

- Salt distribution influenced by injection rate controls the net change in 1}, and V; of the
rock frame.

* Enhanced stress sensitivity of I/, and V; due to uncemented CO,-induced defects,

which:
* close under stress causing additional creep strain.

 reopen upon unloading impeding wave propagation.

* Low risk of mechanical instability in the near-wellbore region upon CO, injection in
partially saturated chalk.

DTU | SDTU Offsgorhe's | @

S, DT e
oo O ety > ﬁ ?(jolgggg /nnovation Fund Denmark OeYb
> “.,. TotalEnergies




	Amour_etal_CCUS26_PublishedVersion.pdf
	Slide 1: CO2-induced dissolution & precipitation effects on bold italic cap V sub bold italic p  and bold italic cap V sub bold italic s  of chalk and sandstone  Amour F., Ferreira C.A.S., Mamonov A., Chandra D., Cherikia A.A.C., Barnhoorn A, and Nick, H.
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11


