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Introduction: The volumetric method is the primary approach for calculating
geological CO, storage potential, with its accuracy largely dependent on
the pore volume of reservoir rocks and the efective storage coe¥cient.
While the precision of reservoir rock pore volume can be enhanced through
more sophisticated geological exploration techniques, the current selection of
efective storage coe¥cients lacks a theoretical foundation. Thus, obtaining
a more accurate efective storage coe¥cient is crucial for improving the
evaluation precision of CO, geological storage potential.

Methods: To explore the factors infuencing the efective carbon sequestration
coefcient in saline aquifers and accurately assess their storage potential, nine
sets of multiphase fow core displacement experiments were conducted using
orthogonal design, with porosity, confning pressure, and pressure diference as
variables.

Results: The results indicate that among these three factors, porosity has the
most signifcant impact on maximum residual CO, saturation.

Discussion: Qualitative analysis of water migration in cores during displacement
was performed using nuclear magnetic resonance (NMR) T, curves, revealing
a close correlation between water movement and pore structure: water
in mesopores and macropores is preferentially displaced, whereas water in
nanopores and micropores is more resistant to displacement. Additionally, NMR
was employed to analyze the maximum residual CO,, saturation of artifcial cores
under diferent conditions, leading to the establishment of a multiple linear
regression equation for maximum residual CO, saturation. By incorporating
the volume coe¥cient derived from numerical simulations, the geological CO,
storage coefcient for actual engineering sites can be estimated.

CO, geological storage, carbon sequestration coefcient, residual CO, saturation,
multiphase Tow displacement, nuclear magnetic resonance
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FIGURE 1
Nuclear magnetic resonance analysis system for multiphase fow
displacement.
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TABLE 1 Information of artifcial cores.
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TABLE 2 Experimental Condition Design Table for Core Displacement with Diferent Porosities, confning pressures and Pressure Diferences.

Serial number Core Porosity (0/%) Confning Pressure Temperature
pressure diference (°C)
(P/MPa) (OP/MPa)
i WliN 0 0 I 0o
i Wlin 0 i ailn oo
i Wlin 0 0o I oo
i oo oo 0 ailn oo
i oo oo i ailn oo
i oo oo 0o i oo
i oo 0o i ailn 0o
i oo oo 0 I 0o
i oo 0o 0o ailn 0o

FIGURE 2
Vacuum pressure saturation device.
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2 Methodology

2.1 Experimental apparatus
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TABLE 3 Nuclear magnetic resonance (NMR) sequence parameters table.

Nuclear magnetic resonance (NMR)

sequence

Parameter setting

10.3389/feart.2025.1639432

Acquisition time/min
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FIGURE 3

The transverse relaxation time (T,) curve of core displacement experiment for A-9.

2.3 Experimental materials
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2.5 Procedures

2.5.1 Core saturation
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FIGURE 4
The transverse relaxation time (T,) curve of core displacement experiment for B-4.
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2.5.2 Displacement experiments
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FIGURE 5

The transverse relaxation time (T,) curve of core displacement experiment for C-9.
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2.5.3 NMR parameters
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3 Results and discussion
3.1 NMR T, spectra analysis
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FIGURE 6
CO, displacement eFciency diagram of core displacement experiment.
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3.2 Displacement experiment results
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3.3 Data analysis
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FIGURE 7
Residual CO, proportion diagram of core displacement experiment.

TABLE 4 Maximum residual CO, saturation (Sg) and residual water saturation (S,y) in displacement experiments of artifcial cores.

Serial number Maximum residual CO, saturation (Sg)/% Residual water saturation (S,)/%
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TABLE 5 Durbin-watson test.

Model Adjusted R2 Standard error of estimate Durbin-watson

0 00000 0noo 0inoo 010000 0o
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TABLE 6 Analysis of variance (ANOVA) for the model.

Sum of squares Degree of freedom Mean square Signifcance
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TABLE 7 CoeTcients of the multiple linear regression equation.

Unstandardized Standardized coe¥cients Signifcance Collinearity

coefFcients statistics
Standard error Beta Tolerance  VIF
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