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Abstract: In the process of shale oil and gas development, the fracture network formed by large—scale hydraulic fracturing leads to
significant stress sensitivity in the reservoir. The salinity, ion composition, and loading time of fluids may complicate the stress—sensitive
behavior of the reservoir, thereby affecting the stimulation performance and the stable production of oil and gas wells. Taking the saline
lacustrine shale from the upper part of the fourth member to the lower part of the third member of the Shahejie Formation (Paleogene) in
block N, Bohai Bay Basin as the research object, stress sensitivity experiments on fractured shale samples were conducted. The influence
mechanism of the coupling of three factors—effective stress, fluid salinity, and loading time—on permeability was systematically analyzed.
The results showed that fracture permeability exhibited a two—stage decrease with increasing effective stress, and the rate of decrease
gradually slowed down. In the stress range of 3-25 MPa, the permeability decreased rapidly, and the influence of fluid salinity was
significant. The permeability of formation water was higher than that of sub—formation water and distilled water. During loading from 5 MPa
to 15 MPa, the increases in turbidity and electrical conductivity of the outlet of distilled water were both greater than those of sub—formation
water. Moreover, at effective stresses of 10 MPa and 15 MPa, the permeability of distilled water was higher than that of sub—formation water.

In the stress range of >25-40 MPa, the rate of permeability decrease slowed down, and the permeabilities of the three fluids tended to
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converge. Under constant effective stress, the rate of permeability change gradually decreased with prolonged loading time. Additionally, the

influence of loading time on permeability diminished as the effective stress increased. Fluid selection for well injection should consider the

time—dependent permeability behavior under effective stress. Under low=stress conditions, it is recommended to use high—salinity flowback

fluids to prepare injection fluids to reduce stress sensitivity. Under high—stress conditions, it is suggested to use high—strength proppants to

prevent fracture closure and to reasonably utilize the salt—dissolving and fracture—enlarging effect of low—salinity fluids to improve seepage

channels, thereby ensuring the long—term effectiveness of fracturing stimulation. This study provides an important theoretical basis and

practical guidance for the efficient development of lacustrine shale reservoirs and the optimization of fluids for well injection.

Keywords: shale; stress sensitivity; time effect; fluid salinity; reservoir damage
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Table 1 Physical property parameters of experimental
core samples
s N g, WD S
NZ-1 3.000  2.500 8.31 2.439 1.19
NZ-2 5.160  2.500 11.06 0.956 2.79
NZ-3 4710  2.500 7.94 3.848 1.83
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Fig. 1 Testing procedure for shale stress sensitivity
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Table 3 Evaluation results of stress sensitivity for core
sample NZ-3 under variable-salinity fluid immersion
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Fig. 3 Variation of permeability of core sample NZ-3 with

effective stress loading under different fluid immersions
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