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Research on the dynamic imbibition mechanism of shale oil based on NMR experiments
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Abstract: Continental shale oil resources in China are abundant and serve as a critical strategic alternative for ensuring national energy
security. Shale oil reservoirs are characterized by well-developed nanopores and ultra~low porosity and permeability, where clarifying the
imbibition mechanisms is of great significance for improving shale oil recovery efficiency. Taking laminated argillaceous calcareous shale
from the Jiyang Depression as the research object, the pore structure characteristics were quantitatively evaluated using Focused lon Beam—
Scanning Electron Microscopy (FIB-SEM) three—dimensional imaging and digital core reconstruction methods. On this basis, high—
temperature and high—pressure Nuclear Magnetic Resonance (NMR) dynamic imbibition experiments were conducted to simulate co—current
imbibition during high—pressure injection of fracturing fluid. By acquiring transverse relaxation time (T,) spectra at different imbibition
times, the mobilization characteristics of crude oil in pores of different scales were quantitatively analyzed. The T, cutoff method was
employed to distinguish the contributions of displacement and imbibition to oil recovery. Meanwhile, the effects of displacement pressure
difference and bedding fractures on dynamic imbibition performance were analyzed. Based on similarity criteria, the relationship between
laboratory scale and reservoir scale was established to calculate and determine the soaking time after hydraulic fracturing. The results show
that: (1) The dynamic imbibition process can be divided into three stages—rapid imbibition, slow imbibition, and imbibition equilibrium,
exhibiting a pattern of elastic oil displacement in large pores and imbibition—driven oil replacement in small pores. (2) An optimal
displacement pressure difference range exists for dynamic imbibition (2.67 - 4.16 MPa). Compared with a low—pressure condition (1.05
MPa), the total recovery factor increases by 9.02% - 10.26%. (3) Bedding fractures improve pore connectivity and increase imbibition
efficiency, serving as favorable petrophysical conditions for enhancing shale oil mobilization. (4) Based on similarity criteria and dynamic
imbibition experimental results, the optimal soaking time for shale oil reservoirs after hydraulic fracturing is determined to be 15 days.
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Fig. 1 High-resolution MAPS images of laminated argillaceous
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calcareous shale in the Boxing Subsag, Jiyang Depression
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Fig. 3 Frequency histograms of pore diameter distributions for

digital cores
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Fig. 2 3D FIB-SEM images and digital core reconstruction results

£ 8074 Db LI 45

K4 FLBREC AL B AR 7 14

Fig. 4 Frequency histograms of pore coordination number

distributions for digital cores
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Table 1
shale core from the Boxing Subsag, Jiyang Depression

FLBRE/ BIER

Basic parameters of laminated argillaceous lime—

Hodg KE ERR/

=2 cm cm % 1073 Mmz ik

1 432 2.45 2.9 0.002 4 K-EFE
2 3.53 2.45 3.1 0.013 1 KF-EFE
3 4.02 2.47 2.7 0.004 8 K- EFE
4 4.28 2.48 3.6 0.0199 K-EFE
5 431 2.44 3.9 0.0326 KF-EFE
6V 3.98 2.45 3.5 0.0209 T A
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Fig. 5 Schematic diagram of dynamic imbibition experimental device
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