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Inversion of multiphase tectonic stress field and fracture evolution in shale gas reservoirs
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Abstract: The shale gas reserves in the Wufeng Formation-Longmaxi Formation of the Luzhou Block in southern Sichuan are substantial.
Tectonic movements alter the ground stress, significantly impacting the exploration and development of shale gas. To optimize exploration
areas for deep shale, methods such as seismic comprehensive data, ancient structural maps, and rock mechanics parameter testing have been
employed. Additionally, neural network algorithms and geological mechanics modeling analysis have been used to invert the stress field of
ancient geological structures across multiple stages within the study area and to predict the development of reservoir fractures influenced by
stress. The research indicates that numerical simulation methods and neural network algorithms effectively invert the crustal stress field
across multiple stages. Tectonic movements have altered the crustal stress, concentrating it in the stratigraphic anticline. Here, the core of
the anticline, affected by strong tectonic activity, is fractured, gradually releasing stress. The ongoing multi-stage tectonic movements have
facilitated changes in the stress of the reservoir rock, making the fracture zone conducive to fault formation with decreasing stress over time.
Around the original faults, crack development is pronounced, leading to stress attenuation zones prone to numerous, short, small cracks. The
current stress field, shaped by multiple tectonic periods, presents a complex distribution and irregular crack development, significantly
influencing shale gas drilling and development. These findings offer valuable insights for the exploration and development of deep shale gas.
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Fig. 1  Overview of stratigraphic distribution
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Fig. 4  Numerical model boundary conditions
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Table 1 Physical and mechanical parameters of
model rock

wIERZ) W pl(glem’)  BMERLLE E/GPa JAFAH 0
WG — H R 2.800 18.193 0.278
AL — K A 2.590 20.404 0.268
T TR — /Al o4l 2.510 21.560 0.224
FLUEEZH— b TR H 2.572 22.430 0.212
AR 2.700 24.410 0.158
)2 F1—F6 2.500 14.000 0.300
W2 F7—F8 2.500 12.000 0.300
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Fig. 5 Core sample size and sampling direction
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Table 2 Kaiser inversion of paleostress in different periods

Faxsiz  BHUFEJT 1 B9 Kaiser Ji 77/MPa =[] %% F1/MPa
IR mr 00 4 000 XJfE YU ZJ5H

HIH 4552 5749 4446 4270 56.10  74.69 60.94
FIMY 4972 6186 4594  48.10 58.88  81.58 064.86
FMY 5722 7329 4934 53.00 61.31 9558 7273
FEIVI 7072 84.05 5421 56.00 64.19 106.46 86.02
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Fig. 6 Cumulative number of acoustic emission AE and the Kaiser effect curve in different sampling directions
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Table 3 Neural network training sample

XN R A B 1) 0 ) 26 A AL B XY\ Z D7 1] B FFE XEEE/MPa  YIRTE/MPa  ZEfFE/MPa
FRE ] H1FON I ARAE R 2 18 = 1 30 (R E A 28K ! 45.00 65.00 12.00
0 FE L LAY 1 75 2R Y 1 15 454 4 2.00 MPa 11 %5 25 B4 2 4700 67.00 1200
SEVISREAR (% 3) AR R A IFAL 4 ) - - o

HEARALI AR PHAL A R ABORITSE, A8 B 15 . 0o . oo
BRJZBLHY R FIE BRI AT A 22 R 251 26 A ) e : : _
R R AR AR XA Kaiser BHE 1T 11 65.00 85.00 26.00
Xt E, 5 A R 95% (2 4) IE B T Z A LS 1 i ] : ' : :
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x4 KaiserBS5EMERIREDT
Table 4 Error analysis between Kaiser value and simulated value
o %1 EIE ER B IV
JI}iflmjj Kaiser{H/ MU/ FFE%/  Kaiserfd/ SHUE/ 755/ Kaisefd/  BHUE  fFE% KaiserfH/  BHUE/  FFE3%/
MPa MPa % MPa MPa % MPa MPa % MPa MPa %

X Ji1n] 56.10 54.21 96.60 58.88 57.25 97.20 63.31 62.33 98.50 64.19 61.91 95.37
YJrim 74.69 71.56 95.80 81.58 79.89 97.90 97.58 94.26 96.59 106.46 107.60  98.93
Z 71 60.94 61.80 98.60 64.86 64.21 99.36 72.73 75.02 96.95 104.51 109.20 95.50
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