
 

TYPE Original Research
PUBLISHED 22 September 2025
DOI 10.3389/feart.2025.1639432

OPEN ACCESS

EDITED BY

Ramanathan Alagappan,
Independent Researcher, Tiruchirapalli, India

REVIEWED BY

Viswakanth Kandala,
Indian Institute of Technology Madras, India
Zehao Xie,
Southwest Petroleum University, China
Cai Li,
Chinese Academy of Geological 
Sciences, China

*CORRESPONDENCE

Chenglong Zhang,
 zhangchenglong@mail.cgs.gov.cn

Lei Fu,
 fulei@mail.cgs.gov.cn

†These authors have contributed equally 

to this work

RECEIVED 03 June 2025
ACCEPTED 26 August 2025
PUBLISHED 22 September 2025
CORRECTED 03 December 2025

CITATION

Zhang C, Zhao W, Jing T, Zhao J, Zhang J, 
Wei M, Zhou J and Fu L (2025) Influencing 
factors of the carbon sequestration 
coefficient in saline aquifers based on 
multiphase flow displacement experiments.
Front. Earth Sci. 13:1639432.
doi: 10.3389/feart.2025.1639432

COPYRIGHT

© 2025 Zhang, Zhao, Jing, Zhao, Zhang, Wei, 
Zhou and Fu. This is an open-access article 
distributed under the terms of the Creative 
Commons Attribution License (CC BY). The 
use, distribution or reproduction in other 
forums is permitted, provided the original 
author(s) and the copyright owner(s) are 
credited and that the original publication in 
this journal is cited, in accordance with 
accepted academic practice. No use, 
distribution or reproduction is permitted 
which does not comply with these terms.

Influencing factors of the carbon 
sequestration coefficient in 
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Geological Survey CO., LTD., Taiyuan, China, 5CHN Energy Inner Mongolia Shanghaimiao Power 
Generation Co., LTD., Erenhot, China

Introduction: The volumetric method is the primary approach for calculating 
geological CO2 storage potential, with its accuracy largely dependent on 
the pore volume of reservoir rocks and the effective storage coefficient. 
While the precision of reservoir rock pore volume can be enhanced through 
more sophisticated geological exploration techniques, the current selection of 
effective storage coefficients lacks a theoretical foundation. Thus, obtaining 
a more accurate effective storage coefficient is crucial for improving the 
evaluation precision of CO2 geological storage potential.
Methods: To explore the factors influencing the effective carbon sequestration 
coefficient in saline aquifers and accurately assess their storage potential, nine 
sets of multiphase flow core displacement experiments were conducted using 
orthogonal design, with porosity, confining pressure, and pressure difference as 
variables.
Results: The results indicate that among these three factors, porosity has the 
most significant impact on maximum residual CO2 saturation.
Discussion: Qualitative analysis of water migration in cores during displacement 
was performed using nuclear magnetic resonance (NMR) T2 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 CO2 saturation of artificial cores 
under different conditions, leading to the establishment of a multiple linear 
regression equation for maximum residual CO2 saturation. By incorporating 
the volume coefficient derived from numerical simulations, the geological CO2

storage coefficient for actual engineering sites can be estimated.

KEYWORDS

CO2 geological storage, carbon sequestration coefficient, residual CO2 saturation, 
multiphase flow displacement, nuclear magnetic resonance 

Frontiers in Earth Science 01 frontiersin.org

https://www.frontiersin.org/journals/earth-science
https://www.frontiersin.org/journals/earth-science#editorial-board
https://doi.org/10.3389/feart.2025.1639432
https://crossmark.crossref.org/dialog/?doi=10.3389/feart.2025.1639432&domain=pdf&date_stamp=
2025-12-02
mailto:zhangchenglong@mail.cgs.gov.cn
mailto:zhangchenglong@mail.cgs.gov.cn
mailto:fulei@mail.cgs.gov.cn
mailto:fulei@mail.cgs.gov.cn
https://doi.org/10.3389/feart.2025.1639432
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/feart.2025.1639432/full
https://www.frontiersin.org/articles/10.3389/feart.2025.1639432/full
https://www.frontiersin.org/articles/10.3389/feart.2025.1639432/full
https://www.frontiersin.org/articles/10.3389/feart.2025.1639432/full
https://www.frontiersin.org/articles/10.3389/feart.2025.1639432/full
https://www.frontiersin.org/journals/earth-science
https://www.frontiersin.org


Zhang et al. 10.3389/feart.2025.1639432

FIGURE 1
Nuclear magnetic resonance analysis system for multiphase flow 
displacement.

 

1 Introduction

    

    

 

  
    

  
        

      

    
      

TABLE 1  Information of artificial cores.

Number Specification Photo
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TABLE 2  Experimental Condition Design Table for Core Displacement with Different Porosities, confining pressures and Pressure Differences.

Serial number Core Porosity ( /%) Confining 
pressure
(P/MPa)

Pressure 
difference
( P/MPa)

Temperature
(°C)

FIGURE 2
Vacuum pressure saturation device.

   

  

2 Methodology

2.1 Experimental apparatus

  

 

2.2 Principle
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TABLE 3  Nuclear magnetic resonance (NMR) sequence parameters table.

Nuclear magnetic resonance (NMR) 
sequence

Parameter setting Acquisition time/min

FIGURE 3
The transverse relaxation time (T2) curve of core displacement experiment for A-9.

2.3 Experimental materials

  

2.4 Experimental design

   

2.5 Procedures

2.5.1 Core saturation
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FIGURE 4
The transverse relaxation time (T2) curve of core displacement experiment for B-4.

 

2.5.2 Displacement experiments
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FIGURE 5
The transverse relaxation time (T2) curve of core displacement experiment for C-9.

 

  

2.5.3 NMR parameters

 

3 Results and discussion

3.1 NMR T2 spectra analysis
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FIGURE 6
CO2 displacement efficiency diagram of core displacement experiment.

 

 

  

3.2 Displacement experiment results

 

    

3.3 Data analysis
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FIGURE 7
Residual CO2 proportion diagram of core displacement experiment.

TABLE 4  Maximum residual CO2 saturation (SR) and residual water saturation (SW) in displacement experiments of artificial cores.

Serial number Maximum residual CO2 saturation (SR)/% Residual water saturation (SW)/%

TABLE 5  Durbin-watson test.

Model R R2 Adjusted R2 Standard error of estimate Durbin-watson
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TABLE 6  Analysis of variance (ANOVA) for the model.

Model Sum of squares Degree of freedom Mean square F Significance

TABLE 7  Coefficients of the multiple linear regression equation.

Model Unstandardized 
coefficients

Standardized coefficients t Significance Collinearity 
statistics

B Standard error Beta Tolerance VIF

FIGURE 8
Standard P-P plot of standardized residuals.

 

  

 

 

 

   

4 Conclusion
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