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Mechanisms of stress evolution and infill-well fracture disturbance in shale gas reservoirs with

natural weak planes

Abstract: [Objective] Mid-to-deep shale gas reservoirs exhibit a composite fracture-matrix structure, in which internal
weak planes play an essential role in stress evolution and fracture propagation. Few studies have treated natural fractures as
both hydraulic and mechanical weak planes simultaneously, nor has there been systematic and quantitative analysis of the
impact of these fractures on four-dimensional stress evolution and fracture propagation in infill-wells during production.
[Methods] To address these knowledge gaps, this study conducts laboratory tests to obtain the normal stiffness and
hydraulic properties of weak planes, and develops a four-dimensional stress evolution model for mid-to-deep shale gas
reservoirs that captures the coupled hydraulic-mechanical weakening behavior of natural fractures. The model is then used
to analyze how weak planes perturb the in-situ stress field and the morphology of hydraulic fractures in infill-wells at
different stages of production. [Results] Low-stiffness weak planes are prone to deformation, with reduced internal stress
and stress concentration at fracture tips. Moreover, the disturbance of the maximum horizontal principal stress increases
progressively with the growing angle between the weak plane and the principal stress direction, while the minimum
horizontal principal stress exhibits a non-monotonic response: first decreasing, then increasing. During production, the
deviation of stress orientation is more pronounced when mechanical weak planes are considered. Correspondingly, infill
well fractures extend farther along the original maximum horizontal stress direction when not in contact with fracture
zones, while the lateral expansion is enhanced and the propagation along the original maximum horizontal stress is
shortened. These differences remain relatively unchanged over time, reflecting the fact that weak planes primarily influence
stress disturbance in the early stages, becoming stable later on. [Conclusions] This study reveals how weak planes disturb
the four-dimensional stress evolution. It provides theoretical guidance and practical reference for stress management and
fracture optimization in hydraulic fracturing and infill development of mid-to-deep shale gas reservoirs.
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Fig. 1 Schematic diagram of the improved API conductivity
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Fig. 5 Validation of VISAGE numerical results

(a) Vertical displacements of grid points at surface and reservoir top/bottom; (b) Comparison between VISAGE solutions and Geertsma's

analytical results
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Fig. 6 Microseismic response of hydraulic fracturing and schematic of the horizontal well group—based mechanistic model in Well Group H

(a) Results of microseismic monitoring after hydraulic fracturing of Well Group H (Different colored balls represent the microseismic events
monitored from different fracturing stages); (b) Schematic mechanistic model based on the characteristics of Well Group H; (c) Schematic
illustration of the distribution of the weak plane orientations of natural fractures

Ohmax—Maximum horizontal principal stress; o, —minimum horizontal principal stress; f—direction of the weak surface of the natural fracture,

defined as the angle between the weak planes of the natural fracture and the maximum horizontal principal stress
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Table 3 Model parameters
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Fig. 7 Influence of variations in natural fracture stiffness on three-dimensional principal stress

(a) Distribution of the maximum horizontal principal stress at the weak surface of a natural fracture with different stiffness; (b) Distribution of the
minimum horizontal principal stress at the weak surface of a natural fracture with different stiffness; (c) Distribution of the vertical principal
stress at the weak surface of a natural fracture with different stiffness; (d) Perturbation of the magnitudes of the three-dimensional principal stress

and the orientation of the maximum horizontal principal stress along OA in Fig.7a
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Fig. 8 Influence of natural fracture orientation on horizontal principal stress distributions and local stress field perturbations

(a) Distribution of the maximum horizontal principal stress under natural fractures of varying orientations; (b) Distribution of the minimum

horizontal principal stress under natural fractures of varying orientations; (c) Perturbation of local stress fields induced by natural fracture

weaknesses (illustrated by the horizontal stress under 0° fracture orientation); (d) Perturbation of local stress fields induced by natural fracture

weaknesses (illustrated by the horizontal stress under 90° fracture orientation)
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Fig. 9 Perturbation of the stress field by a natural fracture zone

(a) Perturbation of the maximum horizontal principal stresses induced by a natural fracture zone; (b) Disturbance of the minimum horizontal
principal stresses induced by a natural fracture zone; (c) Disturbance of the orientation of the maximum horizontal stress induced by a natural

fracture zone; (d) Embedded discrete fracture model (including natural and hydraulic fractures)
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Fig. 10 Temporal evolution of pore pressure and stress field (initial and after 12, 36, and 180 months)

(a) Pore pressure variation (O4A—line midway between two parent wells; O4'—line at fracture tip of one parent well); (b) Maximum horizontal

principal stress variation; (¢) Minimum horizontal principal stress variation; (d) Vertical stress variation
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Fig. 11 Temporal evolution of the effective normal stress on the
weak planes of natural fractures during production (initial and after
12, 24, 36, 90, and 180 months)
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Fig. 12 Deflection of the maximum horizontal principal stress orientation and the distribution of horizontal stress difference during production

(a) Deflection of the maximum horizontal principal stress orientation without weak-plane perturbation; (b) Horizontal principal stress difference

without weak-plane perturbation; (c)Deflection of the maximum horizontal principal stress orientation with weak-plane perturbation; (d)

Horizontal principal stress difference with weak-plane perturbation
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Fig. 13 Disturbance of the horizontal stress distribution induced by a mechanically weak plane during production

(a) Perturbation of the minimum horizontal principal stress along the OA cross-section; (b) Perturbation of the maximum horizontal principal

stress along the OA cross-section; (c) Perturbation of the minimum horizontal principal stress along the OA' cross-section; (d) Perturbation of the

maximum horizontal principal stress along the OA' cross-section
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Fig. 14 Influence of the perturbation by a mechanically weak plane on fracture morphology and geometric characteristics of infill-well

hydraulic fracturing

(a) Fracture morphology of infill-well hydraulic fracturing considering perturbation by a mechanically weak plane; (b) Fracture morphology of
infill-well hydraulic fracturing without considering perturbation by a mechanically weak plane; (c) Statistical comparison of major-axis lengths
of fractures between cases with and without perturbation by a mechanically weak plane; (d) Statistical comparison of the minor-axis lengths of
fractures between cases with and without perturbation by a mechanically weak plane

In panel (a), black, blue, and red circles indicate fracture clusters with no contact, partial contact, and full contact with the fracture zone,

respectively.
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