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Natural gas evaluation method for carbonate reservoirs based on acoustic properties

MIAO Qing, HUANG Hong, YU Guangyi, HE Hongju, ZOU Liangzhi, LIU Dandan
Southwest Branch, China National Logging Corporation, Chongqing 400021, China

Abstract: To address the challenge of identifying gas-bearing properties in the fractured-vuggy carbonate reservoirs of the Permian
Changxing and Maokou formations within the Penglai gas area of the Sichuan Basin, an accurate fluid property identification method
integrating multiple parameters was developed utilizing well logging, well testing, and petrophysical data. First, by comparing the
transit times of compensated sonic and array sonic logs from 25 wells, combined with electrical imaging and well testing data, a P-wave
transit time difference method was established to achieve the qualitative identification of reservoir effectiveness and gas-bearing
properties. Second, to overcome the low accuracy of fluid discrimination when relying solely on the P-to-S wave velocity ratio, a fluid
discrimination model based on the volumetric compressibility coefficient was constructed. This model leverages the differences in
volumetric compressibility among various fluids to characterize the elastic properties ( compressibility) of movable hydrocarbons.
Finally, utilizing parameters such as the P-wave transit time difference and volumetric compressibility coefficient as inputs, fluid
property discriminant functions and identification charts were established by using Fisher discriminant criterion. The application of this
method for gas-water discrimination across 34 intervals in 18 wells tested in 2025 achieved a gas-layer identification accuracy of
91.2%. This significantly enhances the precision of fluid identification in complex heterogeneous reservoirs, providing vital technical
support for the exploration and development of deep and ultra-deep fractured-vuggy carbonate reservoirs in the central Sichuan basin.

Keywords: carbonate reservoir; fractured-vuggy; array sonic log; gas-bearing property; P-to-S wave velocity ratio; volumetric

compressibility coefficient; Fischer discriminant; fluid identification
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Fig.1 Comparison diagram of compensated acoustic waves and array acoustic waves in the Maokou
group of Penglai gas area
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Fig.2 Comparison diagram of compensation acoustic waves and array acoustic waves
in Changxing formation of Penglai gas area
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Fig.3 Rendering of the acoustic time difference envelope area
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