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Abstract

With the rapid increase in natural gas consumption and the continuous rise in external dependence
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since the 21st century, China’s energy security is facing severe challenges. In this context, the effi-
cient development of carbonate gas reservoirs with edge water is particularly important for na-
tional energy security. This paper systematically analyzes the water invasion problems in car-
bonate gas reservoirs with edge water, covering reservoir structure characteristics, gas-water two-
phase flow characteristics, experimental research on water invasion laws, and dynamic numerical
simulation and calculation of water invasion. The study shows that: (1) At present, reservoir pore
structure characterization technology is diversified, but research is mainly focused on micro pores
and fractures. The description of cavities, the matching relationships between them, communica-
tion situations, and their contribution rates to permeability are still insufficiently studied; (2) Ex-
isting experimental models are challenging for studying gas-water two-phase flow characteristics
in fracture-cavity type gas reservoirs; (3) There is currently limited experimental research on wa-
ter invasion laws, and the understanding is not unified; (4) Water invasion identification and pre-
diction can be conducted through analysis of production dynamics data, well testing, and material
balance principles, but these methods are limited in early-stage identification or require multiple
well tests. Therefore, future research needs to develop experimental models that can withstand
higher pressure and larger sizes, conduct multi-parameter large-scale simulations of water inva-
sion laws, and establish mathematical models of water invasion for different types of gas reservoirs
based on experimental research combined with seepage mechanics and gas reservoir engineering
methods. This will deepen the understanding of water invasion dynamics in complex gas reservoirs
and provide a solid scientific foundation and technical support for the efficient development of car-
bonate gas reservoirs with edge water.
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