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Abstract

As the key reservoir space and seepage channel of shale reservoir, natural fractures have a decisive
influence on oil and gas migration, enrichment and development plan. The deep shale reservoir in
Luzhou North Block, southern Sichuan Basin, is affected by complex geological processes and pre-
sents the characteristics of fracture development with multiple genetic mechanisms and significant
scale differences, which makes it difficult to be accurately characterized by the traditional single
modeling method. Based on core analysis, imaging logging interpretation and 3D seismic data, a
multi-scale discrete fracture network modeling system is established to systematically reveal the
fracture development law in this area. The main results include: (1) The fracture system in the study
area follows the power law distribution law, and can be divided into large scale and small scale ac-
cording to the scale; (2) The study of genetic mechanism shows that the small and medium-scale
fractures can be divided into two types: tectonic origin (accounting for nearly 90%) and sedimen-
tary origin, and the tectonic origin fractures can be further subdivided into folding controlled type
and fault controlled type. (3) An innovative random-deterministic coupling modeling method under
multi-attribute body constraints is proposed to effectively reduce the uncertainty of crack predic-
tion by introducing a neural network model; (4) Model verification shows that the study area is dom-
inated by small and medium scale fractures, and tectonic movement is the main factor of fracture
development.
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Figure 1. Structural map of northern Luzhou area
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Figure 2. Rose diagram of joints in the study area
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Figure 3. Distribution of different fractures within a single wellbore. (a) Bedding fractures; (b)
Structural fractures
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(a) The development of fractures around folds (b) The development of fractures around faults

Figure 4. Fold and fault-related fracture development schematic diagram
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Figure 5. Imaging logs of different fracture types in Lu203H1-3D. (a) Near-horizontal fractures; (b) Low to
medium-angle fractures; (c) High-angle fractures
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Figure 6. Histogram of fracture development intensity around faults
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Figure 7. Histogram of fracture development intensity around folds
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Figure 8. Study area ant-tracking attribute body
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Figure 9. Large-scale discrete fracture network model
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Figure 10. Large-scale fracture length histogram
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Figure 11. Seismic fracture prediction attribute volume
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Figure 12. Fracture intensity model controlled by folding under multi-attribute constraints
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Figure 13. Seismic fracture prediction attribute volume
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Figure 14. Fracture intensity model controlled by faulting under multi-attribute constraints
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Figure 15. Cumulative fracture intensity curve of Lu203H1-3D
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Figure 16. Characteristics of natural fracture development in the cores of the Wufeng-Longmaxi formations in
the Luzhou area
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Figure 17. Development intensity of bedding plane fractures in the study area
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Figure 18. Diagram illustrating the distribution of discrete fracture network (DFN) models in the study area
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Figure 19. Rose diagrams of various fracture types
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Table 1. Classification statistics of fracture sets
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