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Abstract: This paper is the result of oil and gas exploration engineering.

[Objective] The present—day in—situ stress orientations within deep shale reservoirs of the Wufeng—Longmaxi Formation in the
southern Sichuan Basin are intricate and have not been comprehensively evaluated. Moreover, the mechanisms through which local
structures influence these stress orientations remain poorly understood. [Methods] The Yongchuan shale gas field was selected as
the study area to systematically investigate the characteristics and controlling factors of in—situ stress orientations. This evaluation
employed a multi—faceted approach that included paleomagnetic analysis, seismic wave velocity anisotropy measurements,
specialized well logging techniques, microseismic monitoring, and numerical simulations. [Results] The accuracy of interpreting
dipole shear wave logs significantly increased when the bidirectional stress difference coefficient exceeds 0.2 and the shear wave
anisotropy index is above 18%. In the strata with steep dips (>60°), it is essential to consider the influence of bidirectional stress
differentials and high—angle fracture development on the interpretation of in—situ stress orientations. The in—situ stress orientations
in the northern and southern synclinal regions of Yongchuan area predominantly follow east—west trend. However, these orientations
exhibit significant deviations in anticlinal and fault—influenced zones, with maximum angular discrepancies of approximately
70°+5°. Based on the observed reverse trends in stress orientations above and below a specific stratigraphic level, we hypothesize
that the neutral surface is located within the 1-2 layers of the Longmaxi Formation in the Yongchuan area. Furthermore, the
fold—induced stress, ranging from 10 MPa to 30 MPa, significantly impacts the principal stress field and cannot be overlooked. As
the distance from the fault decreases, Poisson’s ratio (v) increases, leading to a deflection in the in—situ stress orientations and
exhibiting greater sensitivity to changes in v. [Conclusions] The orientation of maximum principal stress promotes the preservation
of shale gas in syncline areas, while high—angle natural fractures in anticline areas are more likely to develop into effective fractures.
We recommend deploying horizontal wells with an SN-NEE orientation in syncline areas, and a NE orientation with a layered well

layout in anticline and fault zones.

Key words: deep shale reservoir; Wufeng—Longmaxi Formation; in—situ stress orientation; rotation mechanism; oil and gas
exploration engineering; Sichuan Basin

Highlights: We have proposed a multi—source methodology for determining in—situ stress orientations, integrating core analysis,
wellbore structure reconstruction, extraction of sidewall seismic velocity anisotropy, inter—well microseismic monitoring, and
geomechanical modeling of the well area. The optimal techniques have been established for ascertaining present in—situ stress
orientations in shale reservoirs across various structural geological settings. Our investigation elucidates the impact of faults and
folds on in—situ stress orientations and analyzes the influence of these stress orientation rotation on shale gas preservation and
exploitation.
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Table 2 Applicability of present—day in—situ stress orientation judgment method in the shale reservoir
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Fig.8 Numerical simulation process of the present—day in—situ stress orientations
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Table 3 Assignment of rock mechanics parameters of the target layer in the Yongchuan area, southern Sichuan Basin

=) Hig 71X A X FIEAEE/MPa THFALL WA P EE 5 J1/MPa HiFi 58/ MPa JERE/m

X A 47588 0.32 46.99° 41.71 8.63
W7 2 IR IX B 29425 0.26 15.30° 18.13 4.43 791
HRHX C 27473 0.23 27.40° 17.86 7.46 ’
X D 36587 0.29 33.39° 17.55 9.54
X A 35364 0.35 42.35° 36.58 7.52
5 7 2 I X B 30421 0.20 33.62° 10.50 3.41 508
HHRX C 29713 0.22 36.22° 13.04 9.84 '
X D 32354 0.32 27.77° 28.25 7.53
JEIX A 29331 0.28 27.70° 8.65 9.74
; W7 2 JRF X B 28332 0.26 15.26 19.22 8.85 2187
BRHX C 27971 0.22 27.51 20.60 6.36 :
X D 39790 0.24 40.82 31.98 8.38
X A 34328 0.35 29.09 12.91 5.94
4 B2 I FFE X B 22093 0.31 19.52 14.39 6.69 6.00
HRHX C 20577 0.21 17.60 13.41 7.44 ’
X D 32093 0.21 31.07 20.85 10.24
X A 29027 0.29 26.17 31.50 10.31
s W72 I FEIX B 26644 0.23 23.53 9.19 14.26 590
HRHX C 23629 0.15 21.24 15.38 6.73 )
X D 28299 0.25 25.08 19.66 7.48
X A 22926 0.32 18.52 12.36 8.95
6 W7 IR X B 20681 0.28 22.14 9.72 11.62 278
HRHX C 19196 0.27 17.54 8.06 7.43 ’
X D 26576 0.31 23.16 18.56 7.56
JEIX A 23977 0.33 28.63 12.33 13.58
; W7 2 e X B 20453 0.29 16.22 14.32 9.60 13.50
HHRX C 19568 0.26 15.86 16.57 8.76 :
X D 24068 0.32 32.90 27.47 11.20
x4 JIFK) X B mE R
Table 4 Boundary loading stress of Yongchuan area, southern Sichuan Basin
N SO NESIaL N /NN SRR B NNWAL VS
BAR N J1/MPa /(MPa/100 m) /NN )/MPa /(MPa/100 m) I FLI/)/MPa /(MPa/100 m)
101.94 274 87.46 232 94.50 2.49

x5 JIIFKIREXRKFEN AT R HFBEESTNEXLL

Table 5 Comparison of single well interpretation value and predicted value in the orientation of maximum horizontal stress
in the Yongchuan area, southern Sichuan Basin

M AL FAL JE0E o G AP ] T KK 2 B 7 1) PR 2L NHE
JeE X YY23F 3/NE 100° 98° 2.00%
T TE X YY6H 3NE 60° 57° 5.00%
BRI SX YY73 3NE 40° 43° 7.50%
HARHE X YY9SHF: N2 55° 520 5.45%
B AHX YY10-3 3NE 92° 98° 6.50%

NI P8 SR A R S Tl o D S R R QA SN DR VA jtf JIT7 AT T FE R R, 75 AR 3 U o
JO7 T3 R AR, Sels 2 HKTH A0 10 A7, i AR AT L TRV B 2D i ARG K, BIAG i e e o,
80 AL DR AR B8 5% T 17 g DA TE AR A8 0 i U 2 14 i %ﬁiﬁﬁ{fﬁilﬁﬁ?&@%ﬂ}ﬁ{éﬂ?éﬁﬂ\ﬁrfijt,,\
5197 F A B A 0K 0 L X VA R U T 55 55/ 4 1 R N o U s e S s s A G R R RN S SN R R D
Jria AR e . SR TE R EALA 3 & 6.2 BIERIRM

Pl T A R S I g 7 ) BALA A5 R B 7R, 727 7R TS e BT KOK A R 377 1) 3 A AP T AR DL 45
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Oyy NG FRIR N
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Fig.13 Multi—layered elastic model of strike—slip fault zone (a, modified from Healy, 2008) and stress component state in the local
coordinate system (b)
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Table 6 Statistics of pressure coefficient, gas content and
production of wells in Yongchuan area
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