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Microscopic pore structure characterization of shale
rock based on fractal theory and its application in
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Hard pellet model and capillary model as two types of physical models for porous media, can’t accurately de-
scribe themicroscopic pore structure features of porousmedia. Shale rock porosity is dominated by nanometer
and micron scales [1], the traditional models and methods can not accurately describe the pore structure of
shale reservoirs. Numerous studies have shown that real porous media in nature have fractal features over a
range of scales [2]. Based on fractal theory, this paper provides new ideas and methods for the characteriza-
tion of pore structure in shale reservoirs. SEM scanning electron microscopy, nanometer CT and focused ion
beam (FIB) and other techniques used to describe the micro-pore structure of shale reservoirs [3], Based on
the imaging technology, remarkable achievements have been made in the analysis of shale pore formation,
pore type classification and organic matter nanometer pore characterization. The fractal dimension can quan-
titatively describe the complexity of shale pore structure [4-5].
Fractal theory can be applied to predict the permeability of porous media. Domestic and foreign scholars
have made some progress in predicting the permeability of porous media. Domestic and foreign scholars
have made some progress in predicting the permeability of porous media. Based on the fractal theory, fractal
characteristics of shale reservoir pores were studied by image analysis, and the expression of shale perme-
ability was derived. The influence of maximum pore radius, minimum pore radius and fractal dimension on
shale permeability was analyzed [6]. In this study, the pore of shale reservoir was taken as the research object.
Based on the shale reservoir skeleton, the Sierpinski carpet model was used to study the distribution of shale
porosity. Through the statistics and analysis of the pores in shale raw binary image, the relationship between
the number of pores larger than the pore size and the pore size in the double logarithmic coordinate system.
The negative of the slope of the stable straight line in the data is the fractal dimension of the porosity. Fractal
dimension calculation of pore structure should be based on the distribution of data points and pore size range
of regression, which can not only ensure data integrity, but also a true reflection of pore distribution.
Shale permeability is a parameter that characterizes shale seepage capacity, and its size is related to porosity,
geometry of the pores in the liquid infiltration direction, particle size and arrangement. Because the fractal
dimension of porosity is a parameter that reflects the change of the number of pores under different pore sizes,
the fractal dimension of porosity is negatively correlated with the porosity. Therefore, the larger the fractal
dimension of porosity and the smaller the porosity, the more the shale permeability small. The permeability
of shale decreases with the increasing fractal dimension of the pores because when the fractal dimension of
tortuosity increases, the pore channels become more tortuous and the permeability decreases. The maximum
pore radius, inflection point radius, fractal radius fractal dimension and tortuosity fractal dimension all have a
great influence on the permeability of shale. Shale permeability has a significant positive correlation with the
maximum pore radius and inflection point radius, and the pore radius Fractal dimensions and tortuosity frac-
tal dimension showed a significant negative correlation, and pore radius fractal dimension of the correlation
is small.

References
[1] Chen S, Zhu Y,Wang H, Liu H,WeiW and Fang J. Characteristics and significance of mineral compositions



of Lower Silurian Longmaxi Formation shale gas reservoir in the southern margin of Sichuan Basin [J]. Acta
Petrolei Sinica, 2011, 32(5):775-782.
[2] Yang F, Ning Z, Wang Q, Kong D, Peng K and Xiao L. Fractal characteristics of nanopore in shales [J].
Natural gas Geoscience, 2014, 25(4):618-623.
[3] Curtis M, Ambrose R, Sondergeld C. Structural Characterization of Gas Shales on the Micro and Nano-
Scales[C]// Society of Petroleum Engineers, 2010.
[4] Yang F, Ning Z, Kong D and Liu H. Pore structure of shales from high pressure mercury injection and
nitrogen adsorption method [J]. Natural gas Geoscience, 2013, 24(3):450-455.
[5] Chen Y and Shi M. Determination of effective thermal conductivity for porous media using fractal tech-
niques [J]. Journal of Engineering Thermophysics, 1999, 20(5):608-612.
[6] Wu K, Dijke M I J V, Couples G D, Jiang Z, Ma J, Sorbie K S and Crawford J. 3D Stochastic Modelling of Het-
erogeneous Porous Media Applications to Reservoir Rocks [J]. Transport in Porous Media, 2006, 65(3):443-467.

Acceptance of Terms and Conditions
Click here to agree

Primary authors: Dr DONG, Huaimin (China University of Petroleum (East China)); Prof. SUN, Jianmeng
(China University of Petroleum (East China)); Ms LI, Yafen ( China University of Petroleum (East China)); Dr
CUI, Likai (China University of Petroleum (East China)); Dr YAN, Weichao (China University of Petroleum (East
China))

Presenter: Prof. SUN, Jianmeng (China University of Petroleum (East China))

Session Classification: Parallel 2-G

Track Classification: MS 1.02: Fractal Theory and its Applications to Flow and Transport Properties
of Porous Media


