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Numerical simulation and parameter global sensitivity analysis of CO, geological storage and utilization in oil-water mixed
layers. ZHANG Yu-jia', YANG Yun!, GONG Xu-long®, ZHU Hui-xing®>, CUI Long-yu’, WU Gong-yi*, SONG Jian', ZHU Chun',
WU Ji-chun’ (1.Key Laboratory of Groundwater Protection and Utilization—National Key Laboratory Cultivation and Development
Site, School of Earth Science and Engineering,Hohai University, Nanjing 211100, China; 2.Jiangsu Geological Survey and Research
Institute, Nanjing 210002, China; 3.College of New Energy and Environment, Jilin University, Changchun 130021, China; 4.China
Petroleum & Chemical Corporation East China Oil&Gas Branch, Taizhou 225300, China; 5.School of Earth Science and Engineering,
Nanjing University,Nanjing 210023, China). China Environmental Science, 2025,45(8): 4667~4676

Abstract: In this paper, an oil field in Northern Jiangsu Province is selected as the research object, and a multiphase flow reaction
migration model CO,-DSMRT for CO, displacement and storage is constructed to describe the transformation and fate of
supercritical state/gas phase, dissolved water phase, dissolved oil phase and mineral phase CO, on a century scale. The sensitive
parameters affecting the prediction results of the model are identified by Sobol method. Furthermore, PSO-LSSVM method was used
to establish an alternative model to characterize the mapping relationship between sensitive parameter input and CO, multiphase
output results, and Monte Carlo stochastic simulation was carried out to quantify the uncertainty of the model. The results show that
after 100 years of CO, injection into the oil-water mixed layer, the gas phase CO, accounts for 61.2%, the oil-soluble phase CO,
accounts for 17.8%, the water-soluble phase CO, accounts for 11.2%, and the mineral phase CO, accounts for 9.8%. The most
sensitive parameter of co,-dsmrt model to oil production is permeability, and the most sensitive parameter to reservoir CO, storage is
porosity. The production investment ratio of CO, storage capacity and oil production under different confidence levels is significantly
different. P10scenario is suitable for storage priority strategy, P50 scenario can achieve the balance between storage and economic
benefits, and P90 scenario is more suitable for production optimization strategy.

Key words: CO, geological storage and utilization; multiphase flow; reactive transport; global sensitivity analysis; uncertainty

analysis
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Table 4 The parameter range for global sensitivity analysis
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