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Abstract: Tight sandstone in outcropped Permian Shanxi Formation of the Liujiang Basin is highly heterogeneous as a
result of various affecting factors, making quantitatively characterization of the feature quite a headache to parties of
interest. A systematic and intensive sampling of the tight sandstone were performed and reservoir properties and relevant
quantitative data were obtained through geological statistical analysis, testing and microscopic observation of thin
sections. Hendrik Lorentz curves were drawn based on the analysis and the analytic hierarchy process (AHP) was also
applied to determine the weights of influence factors such as permeability, porosity, surface porosity, matrix content and
particle size, with a comprehensive and quantitative characterization method of the heterogeneity proposed. The study
shows that the tight sandstones are highly heterogeneous with nearly identical porosity-permeability characteristics at
both the vertical and lateral directions, indicating the invalidity of traditional assessment parameters such as
breakthrough coefficient, variation coefficient and gradient in heterogeneity characterization due to the poor correlation
between porosity and permeability. Meanwhile, the proposed method yields better results that fit well with the field

observation. This method is also applicable to the description of heterogeneity of other types of unconventional reservoirs.
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Fig. 1  Geological map showing the sampling locations on regional geologic map and stratigraphy of the Liujiang Basin
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Fig. 2 Outcrop photo and sampling scheme, Shanxi Formation, Dashi River Valley, Liujiang Basin
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Fig. 3 Grain size distribution of rocks in each layer of the Shanxi Formation, Dashi River Valley outcrop, Liujiang Basin



472 £S5 KRR R

Fa4 B

®1 IAMUAAXGTISRIREEREARENMEKEREE

Table 1 Types and contents of cements in different layers of the Shanxi Formation, Dashi River Valley outcrop, Liujiang Basin
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Fig. 4 Diagram showing matrix types and contents in each layer of the Shanxi Formation, Dashi River Valley outcrop, Liujiang Basin
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Fig. 5 Typical pore types of reservoir rocks in the Shanxi Formation, Dashi River Valley outcrop, Liujiang Basin
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Fig. 6  Diagram showing pore types and their average surface
porosity of reservoir rocks in the Shanxi Formation, Dashi River

Valley outcrop, Liujiang Basin
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Fig. 7 Diagrams showing porosity and permeability in bedding-perpendicular and bedding-parallel directions and their cross-plot, the

Shanxi Formation, Dashi River Valley outcrop, Liujiang Basin
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Table 2 Calculated values of reservoir heterogeneity parameters in the Shanxi Formation, Dashi River Valley outcrop,

Liujiang Basin
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Fig. 8 Distribution of permeability and comparison of purareters for reservoirs heterogeneity deseription in bedding-perrendiecular and

bedding-panaled diagrams, the Shanxi Formation, Dashi River Valley outcrop, Liujiang Basin
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Table 3 Heterogeneity hierarchy structure of tight sandstone

reservoirs in Shanxi Formation, Dashi River Valley outcrop,

Liujiang Basin
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Fig. 9 Lorentz curves of permeability of the Shanxi Formation, Dashi River Valley outcrop, Liujiang Basin
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Fig. 10 Comprehensive indexes of Lorentz curves for the Shanxi

Formation, Dashi River Valley outcrop, Liujiang Basin
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Table 4 Lorentz coefficient calculation results of
permeability, porosity, surface porosity, cement content,
grain size and quartz content, Shanxi Formation, Dashi

River Valley outcrop, Liujiang Basin
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Table 5 Judgment matrix and consistency test results of
heterogeneity level of tight sandstone reservoirs, Shanxi

Formation, Dashi River Valley outcrop, Liujiang Basin
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Fig. 11 Comprehensive characterization model for heterogeneity of tight sandstone, Shanxi Formation, Dashi River Valley outcrop,

Liujiang Basin
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