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Effect of layered heterogeneity on CO, migration
and leakage mechanism in the cap rock

GAO Shuai?,  WEI Ning*, LI Xiao-chun®, LEI Hong-wu!, LIU Ming-ze*
(1. State Key Laboratory of Geomechanics and Geotechnical Engineering, Institute of Rock and Soil Mechanics, Chinese Academy of Sciences,
Wuhan, Hubel 430071, China; 2. College of Pipeline and Civil Engineering, China University of Petroleum, Qingdao, Shandong 266580, China)

Abstract: The sealing ability of cap rock has a critical influence on the storage capacity, economy, and security in CO, geological
storage project. Due to the obvious characteristic of layered heterogeneity of the cap rock, it directly affects the migration and leakage
process of CO, in the cap rock. As aresult, the cap rock sealing ability is also affected. Currently, the effect of isotropic heterogeneity
on the sealing ahility of cap rock was studied in the literature. However, the effect of layered heterogeneity has not been investigated
yet. In this study, the homogeneous, non-layered heterogeneous and layered heterogeneous models were separately established by
considering the different spatial distribution of porosity, permeability and capillary pressure of cap rock. Under consistent CO,
injection conditions, numerical simulations were conducted using these three models to comparatively study the whole leaking
process of CO, entering, migrating and breakthrough all over the cap rock by using TOUGH2. Results revealed that the distributions
of free CO, saturation in the cap rock agreed with the spatial distributions of porosity and permeability among the models. In contrast
with the homogeneous model, non-layered heterogeneity accelerated the CO, migration, whereas layered heterogeneity slowed down
CO, migration in the cap rock, and increased the period of CO, breaking through the cap rock. Compared with the homogeneous and
non-layered heterogeneous models, layered heterogeneous model greatly decreased the leakage rate and total |eakage amount of CO,
after the breakthrough of CO,. At last, limitations on the geological modelling were addressed. Hence, the research results provide
helpful guidance for more objective and quantificational evaluation on CO, migration and leakage through the cap rock.
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