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論 文 内 容 の 要 旨 

Carbon capture and sequestration (CCS) is an attractive emerging method to mitigate the greenhouse gases 

emission. The deep saline aquifers are the most suitable site for CO2 sequestration because of their large 

storage capacity. However, the construction of realistic geological models of the storage sites is a significant 

issue. The lack of subsurface datasets in those storage sites is an obstacle to build the realistic models. In 

addition, the injection strategy also strongly influences the CO2 sequestration efficiency. The water 

alternating gas (WAG) injection process which is a common technique in enhanced oil recovery can be 

assumed to be a promising technique to improve the CO2 sequestration efficiency. 

The numerical simulation is a useful tool for evaluating the effective injection strategy for maximizing the 

CO2 sequestration efficiency. However, the uncertainties of geological parameters such as porosity and 

permeability are crucial problem in the numerical simulation. This study therefore aims to develop an 

integrated reservoir modelling workflow with the consideration of geological uncertainties. Also, this study 

suggests an optimum framework for CO2 sequestration using WAG injection process through the numerical 

simulation using the reservoir models constructed by the workflow. 

The dissertation is composed of six chapters as follows: 

Chapter 1 describes motivation, background, and objectives of this study, as well as outline of this 

dissertation. Furthermore, this chapter introduces previous studies on the artificial neural networks (ANN), 

geostatistical modelling, and WAG injection process in enhanced oil recovery. 

Chapter 2 reviews literatures focusing on the reservoir modelling considering the geological uncertainties 

and optimization of CO2 sequestration. The detail information of geological modelling and reservoir 

simulation relating to CO2 sequestration was provided in this chapter. The theory and applications of robust 

optimization in presence of geological uncertainties, which is a method used in this study, are also 

introduced based on the previous studies in this chapter. Furthermore, the characteristics of fluvial sandstone 

reservoirs in Cuu Long Basin, Vietnam which is the target field of this study are described in detail. The 

available data of that field are introduced for fundamental information for the reservoir modelling and 

simulation studies. 

Chapter 3 describes the development of an integrated geological modelling workflow. A novel modelling 

workflow was developed to construct a reasonable three-dimensional porosity and permeability model of a 

target field in this chapter. This workflow consisted of four techniques such as object-based modelling 



(OBM), sequential Gaussian simulation (SGS), ANN and cokriging. In this workflow, at the first step, the 

lithofacies models of the target field were constructed using the OBM. The distribution of the lithofacies 

models were then ranked and the final lithofacies models were constructed through the SGS. On the other 

hand, the petrophysical models of the target field were predicted through the ANN training with seismic 

attributes and well log data. Finally, both lithofacies models and petrophysical models were integrated using 

the cokriging technique and the final porosity and permeability models were constructed. The other porosity 

and permeability models were also constructed through the conventional modelling workflow as the 

comparison models. The history matching of a drill stem test using both models was performed to evaluate 

the accuracy of the models using a reservoir simulator ECLIPSE. The results of the history matching 

indicated that the workflow of this study could generate better history-matched models than the conventional 

workflow. 

Chapter 4 describes the numerical simulation of CO2 sequestration in the target field. The sensitivity 

analysis of geological factors of reservoir, CO2 injection rate and injection strategies in CO2 sequestration 

was conducted to determine the impact of geological factors and CO2 injection conditions. Two scenarios 

such as continuous CO2 injection and WAG injection were considered for the sensitivity analysis of CO2 

injection strategies. The results of the sensitivity analysis indicated that the channel distribution and 

permeability anisotropy affected the migration of CO2 plume in the target reservoir. Also, it was shown that 

the amount of CO2 stored in the reservoir by residual and dissolution trapping was increased by 20 % by the 

WAG injection process as compared with the continuous CO2 injection. The increase in CO2 stored by those 

trapping mechanisms was due to the migration of CO2 caused by the drainage and imbibition processes in the 

porous media. As the results, the amount of CO2 stored in the reservoir was increased by 25 % compared 

with the continuous CO2 injection. Because those trapping mechanisms are advantageous for long-term CO2 

storage with low risk of leakage, the WAG injection process can be suggested as an effective injection 

strategy for maximizing the CO2 sequestration efficiency. 

Chapter 5 describes the optimization of the framework of CO2 sequestration using the WAG injection 

process under geological uncertainties. A robust optimization workflow was used to determine the optimal 

WAG cycle which was the length of water and CO2 injection. Two hundred different geological realizations 

having different uncertain conditions such as porosity and horizontal/vertical permeability were generated 

and used in numerical simulation to consider the geological constraints. Three realizations when the 

probability density of the cumulative CO2 injection was 0.9, 0.5 and 0.1 were selected as the representative 

realizations from all the realizations. The robust optimization workflow was applied for the numerical 

simulation using the three realizations to determine the optimal WAG solution. A general optimization 

workflow was also conducted for the comparison. The optimal WAG solution which was obtained by the 

robust optimization showed 28 % higher CO2 sequestration as compared with the WAG base case whereas 

the optimal WAG solution which was obtained by the general optimization showed 13 % higher CO2 

sequestration as compared with the WAG base case. These results indicate that the robust optimization has 

higher sensitivity to the injection strategies of WAG injection process and it can be useful for the 

optimization of CO2 sequestration by WAG injection process. 

Chapter 6 concludes this study. This chapter also summarizes the challenges of this process and provides 

recommendations for the future practical application. 


