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Abstract: This paper is the result of oil and gas exploration engineering.

[Objective] With the rapid expansion of shale gas production in China, deep shale gas reservoirs at burial depths of 3500—4500 m
have become critical targets for exploration. However, complex geological conditions and stress disturbances from fracture systems
significantly hinder development. [Methods] This study focuses on the Wufeng—Longmaxi Formation in the North Luzhou district
of the southern Sichuan Basin. By analyzing the spatial distribution of fractures and conducting single—well geostress evaluations,
the characteristics of stress disturbance caused by fractures were clarified. A comprehensive table and distribution map of stress
disturbance elements were created. [Results] (1) Fractures in the study area exhibit diverse types and phases, with a tectonic style
dominated by "syncline, slope, and anticline slope." The fracture combinations primarily follow a pattern of "syncline, superposition,
and anticline backslope". (2) The regional geostress state is complex, with average stress values of Sy(112.7 MPa) >S,(106.6 MPa) >
5,(98.8 MPa). Fractured zones exhibit stress values 5—35 MPa lower than non—fractured zones. The maximum horizontal stress
orientation ranges from 75° to 120°, showing significant variability across wells. (3) Fractures influence stress distribution, with
stress disturbance increasing alongside fracture levels. The disturbance range of Class II fractures spans 1.43—1.85 km. NEE—EW
fractures exhibit the largest disturbance ranges 0.94—1.85 km. [Conclusions] A fracture disturbance distribution map was developed
for the North Luzhou district, dividing the area into fracture and non—fracture zones to enable hierarchical evaluation of development
units. Optimized layouts for horizontal well sections in fractured and non—fractured zones were proposed, offering guidance for

future production.

Key words: deep shale gas; Wufeng—Longmaxi Formation; fracture system; geostress disturbance; oil and gas exploration
engineering; North Luzhou district; Sichuan Provine

Highlights: This study delineates fracture and stress distribution characteristics in the North Luzhou district, provides a stress
perturbation template, and refines the horizontal well section layout for improved production planning.
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Fig.1 Tectonic and fracture distribution of the North Luzhou district
a—Tectonic distribution map of South Sichuan (modified from Guo Weixing et al., 2021); b—Tectonic fracture distribution map of the North Luzhou
district; c—Tectonic fracture distribution map of the study area; d—Vertical distribution map of fracture in AA' seismic section
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Table 1 Characteristic elements of the fracture assemblage style in the study area
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Table 3 Characteristics values of three—way stress in a single well in the study area
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Fig.3 Comparison of the results of different geostress direction interpretation methods in the study area

a—Comparison of results of different geostress direction interpretation methods; b—Paleomagnetic orientation experimental interpretation map;
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c—Wave velocity anisotropy experimental interpretation map; d—Dipole array acoustic wave logging interpretation map; e—Wall collapse logging
interpretation map; f-Multiple—arm well logging interpretation map; g—Microseismic monitoring interpretation map
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Table 4 Results of the geostress direction of a single well in the study area
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Fig.4 Properties of the stress field simulation model in the study area
a—Fracture model of the study area; b—Distribution of static Young's modulus of the study area; c—Distribution of static Poisson's ratio of the study
area; d—Block of rock mechanical parameters of the study area
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Table 5 Unit elements of rock mechanical parameters in the North Luzhou district
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Table 6 Elements characteristics stress perturbation by class I[ —IV fracture in the study area

LSl BT 45 7] N33 E T km Wt 284 iy o7 738 B2 /(100X M Pa/m) IR d K B N T S Fh P

NE 1.56 211 32.08

% NNE-NS 1.43 2.17 27.52
NEE-EW 1.85 1.96 36.42

NE 1.24 2.16 24.81

111%% NNE-NS 111 221 19.24
NEE-EW 1.52 2.06 28.42

NE 0.79 2.27 17.52

IV NNE-NS 0.71 231 13.12
NEE-EW 0.94 2.22 20.06
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