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Rock mechanical properties and controlling factors for shale oil reservoirs in the
second member of the Paleogene Funing Formation, Subei Basin
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Abstract: The study aims to determine the fracturability of shale oil reservoirs and post-fracturing variations in pores and
fractures in the Subei Basin. The 2™ member of the Paleogene Funing Formation (also referred to as the Fu 2 Member)
is taken as an example to investigate the rock mechanics and fracturing performance and the relevant influencing factors.
This process involves three steps: a. Three-dimensional (3D) reconstruction of rock samples using high-resolution
computed tomography (i. e., multi-scale CT scanning) to extract structural parameters of pores and fractures; b.
Triaxial mechanical experiments under the confining pressure of the formation to obtain rock mechanical parameters; c.
Multi-scale CT scanning of fractured rock samples at the same position and along the same direction to obtain an image of
the post-fracturing 3D structures of pores and fractures. Based on the characteristics of stress-strain curves, shales in the
study area are categorized into three types. Type 1 is characterized by rupture curves with a wavy downward trend,
indicative of intricate post-fracturing reticular fractures. Type 2 shows various rupture curves with both wavy and vertical
downward trends, indicating well-developed fracture networks after fracturing. Type 3 exhibits rupture curves with a
vertical downward trend, suggesting relative intactness after fracturing with the formation of longitudinal splitting
fractures rather than fracture networks. Post-fracturing changes in pores within the three types of shales are as follows.
For the first and second types, pores with diameters ranging from 10 to 50 m represent a decreased proportion, those

with diameters between 50 and 100 pwm show an increased proportion, and those larger than 300 wm in diameter make a
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greater contribution to the overall pore volume. In contrast, for the third type, pores with varying diameters demonstrate

insignificant changes in proportion and contribution to the overall pore volume after fracturing. The study results reveal

that the compressive strength positively correlates with the elastic and shear modulus and exhibits V-shaped relationship

with Poisson’s ratio. The mechanical properties of shales in the study area are primarily governed by their carbonate and

clay mineral contents, followed by their quartz and organic carbon contents. Furthermore, porosity and lamina

development characteristics emerge as significant factors influencing the fracturability of shale reservoirs.
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Table 1 General physical property parameters for shale oil reservoirs in the Fu 2 Member, Subei Basin
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Fig. 1 Complete stress-strain curves of shale oil reservoirs in the Fu 2 Member, Subei Basin

a. QY1F:30MEER (QY1-30) 4 J1-Ri A8 M2k s b. 17 Sy —Ry AR i 28 2808 T4 ir

o BRI 50y Bl e, SRS B 5 o, AR OA. FHIM IR S 5 OA". 2 IR 15 OB, Rl SN AS 5 OB, A2 1) B AL

e



506 £S5 KRR R $Fa5 5

a 175 — N
(0,-0,)/MPa — R
150
125
00
5
5
[ [: 38.5 MPa
2
ra
0.6 03 0 0.3 0.6 0.9 1.2
R e, 1% R e 1%

FER KEJa
2 Frdbdi R = B A - A 2 KR IR B RURHIE (QY2 77 S hEdh , 268 1)
Fig. 2 Complete stress-strain curves and post-fracturing rupture characteristics of shale sample No. 77 from well QY2 (of Type 1) in the Fu
2 Member, Subei Basin
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Fig. 3 Complete stress-strain curves and post-fracturing rupture characteristics of shale sample No. 43 from well QY2 (of Type 2) in the Fu
2 Member, Subei Basin
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Fig. 4 Complete stress-strain curves and post-fracturing rupture characteristics of shale sample No. 62 from well QY2 (of Type 3) in the Fu
2 Member, Subei Basin
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Fig.5 CT-scan images showing fracture distribution patterns of shales from well QY2 before and after fracturing in the Fu 2 Member, Subei

Basin (along the horizontal spreading directions of shale pluggers )
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Fig. 6  Fracture distributions and longitudinal fracture rates for shales from well QY2 before and after fracturing in the Fu 2 Member, Subei Basin
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Fig. 7 Pre- and post-fracturing porosity and volume proportions of different sizes of pores for shale sample No. 77 from
well QY2 (Type 1) in the Fu 2 Member, Subei Basin
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Fig. 8 Pre- and post-fracturing porosity and volume proportions of different sizes of pores for shale sample No. 43 from
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Fig.9  Pre- and post-fracturing porosity and volume proportions of different sizes of pores for shale sample No. 62 from
well QY2 (Type 3) in the Fu 2 Member, Subei Basin
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Fig. 10 Correlations between rock mechanical parameters in the Fu 2 Member, Subei Basin
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