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Abstract

Fractures, which often develop across various orientations and exhibit complex monoclinic anisotropy, control the fluid flow in subsurface
rocks. Consequently, the inference of elastic properties related to the characteristics of fracture distribution in multiple fractured media from
geophysical measurements becomes imperative for hydrocarbon exploration and exploitation. Utilizing the anisotropic effective medium
theory, we develop a rock-physics model to characterize the elastic and anisotropic properties of multiple fractured rocks following specific
fracture distribution characteristics. The Bond transform matrix and Gaussian function are incorporated to represent the complex fracture
distribution characteristics associated with non-parallel aligned fracture sets. The analysis indicates that fracture distribution characteristic
parameters, including the average fracture inclination, the standard deviation of fracture inclination angle and the integral interval of fracture
inclination angle provide a precise representation of the variations in elastic properties for monoclinic multiple fractured media. For a multiple
fractured rock dominated by low-angle bedding and high-angle structural fractures, it is found that velocity decreases as the aligned extent of
the fracture diminishes. Meanwhile, the statistical distribution of multiple fractures significantly affects the anisotropy variation pattern. With
the integral interval of fracture inclination angle decreases, fractures toward an oriented align distribution, and the fractured media can be
simplified to conventional fractured media with simple anisotropy, such as orthorhombic, horizontal transverse isotropy, and vertical transverse
isotropy. Nevertheless, with the standard deviation of fracture inclination angle increases, fractures tend to have a randomly oriented
distribution without alignment; the media induce the properties of the background medium. In such cases, even for the background medium
with weak anisotropy, the effects of background anisotropy on the wave velocity and its anisotropy can still be important, which should be
taken into account in the theoretical modeling. Above all, this approach has the potential to predict the distribution pattern of fractures, thereby
contributing to a more comprehensive understanding of the subsurface fracture network in complex fractured reservoirs.



