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

[Objective] Xiaoquan—Fenggu area in the western Sichuan Basin has huge potential for exploration and development of Xujiahe
Formation gas reservoirs. However, due to the region's deep burial, complex structure, and multiple superimposed fault systems that
cause frequent variation in stress orientation, effective well placement design and hydraulic fracturing practices have been limited.
Therefore, it is necessary to evaluate the precise magnitude of in—situ stress in this area to provide recommendations for engineering
development and increase production capacity. [Methods] Experimental methods such as rock mechanics, acoustic emission testing,
and differential strain analysis combined with conventional logging, special logging, and hydraulic fracturing data were used to
experimentally test the in—situ stress magnitude in deep heterogeneous blocky tight sandstone reservoirs. Based on accurate
evaluation of single—point in—situ stress magnitude, a logging interpretation model was established for the subdivision of tectonic
units in the study area, examining structural variation of in—situ stress magnitude and distribution along a single well. [Results] Our
study showed that differential strain analysis provided the most accurate measurement of stress in heterogeneous tight sandstone
reservoirs. Test results indicated that the Xujiahe Formation belongs to the type III in—situ stress category and exists in a strike—slip
stress state with partial compression and thrust stress states. Based on single—point test data, we developed a technique to evaluate
in—situ stress magnitude by utilizing borehole image inversion. Structural changes in in—situ stress magnitude were divided vertically
into five types, whereby high positions of north—south (SN) faults with grades above three and folds in SN or northeast—trending
(NEE) resulted predominantly in low—low—high (LLH) or low stress (LC) profiles. Meanwhile, small-scale faults or gentle
deformation areas had high—low—high (HLH) or high—low—low (HLL) profiles. [Conclusion] A low—low—high (LLH) stress profile
was suggested for engineering development to penetrate more gas layers vertically, while avoiding bottom water and preventing
rapid water breakthrough during early production. Therefore, it is recommended to select the second to third order north—south(SN)
trending faults and north—south(SN) or northeast trending(NE) longitudinal flexure zones located in the middle—upper part of the

second layer of the second member of Xujiahe Formation.

Key words: in situ stress; stress structure; tight gas reservoir; acoustic emission; induction seam; the second member of Xujiahe
Formation; oil and gas exploration engineering; western Sichuan Depression; Sichuan Province

Highlights: The in—situ stress evaluation technology based on borehole wall image inversion is formed. Combined with different
in—situ stress profile types and hydraulic fracture morphology, the reservoir reconstruction of the second member of Xujiahe
Formation was carried out.
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Fig.3 Schematic diagram of acoustic emission test core sampling and XS1 well test specimen
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Table 1 Results of the magnitude of in-situ stress calculated using hydraulic fracturing

i J= 2 AR B R /m e K EN J1/MPa e /NEN J1/MPa it [7) 3 N J3/MPa TR o
CHI127 M 4581.50 141.35 101.35 114.61 F6_L#%

GM2 A1 4713.00 146.99 122.99 116.51 F23 b#
GM2 A2 4776.00 150.31 122.31 116.19 F23 b#

GM2 A3 4845.00 149.87 109.87 118.82 F23 b4

GM3 A3 4920.00 157.31 125.31 121.15 H7 b#

GM4 A4 4882.00 153.06 113.06 113.98 F44 b3

X10 F=2 4717.00 138.68 103.00 117.99 F24 b4

X10 A6 5042.00 153.00 112.40 125.92 F24 L%
X10-2 A2 4732.00 143.96 83.96 111.41 B 3 -G RS e
X10-2 M4 4880.00 154.18 94.18 114.89 B 3 R RS e v
X10-2 B4 4851.50 154.22 94.22 114.22 SHT A - RS e A
X11 B4 4917.00 145.00 113.00 121.45 B IE CREh  dEER
X209 G4 4868.00 153.66 104.46 124.16 SHTA A - B 7

X5 A3 4880.00 155.05 107.05 119.68 F4 4%
X8-1H B2 4880.00 141.92 101.52 117.29 F3 N4
XC12 M8 5250.13 162.31 102.31 128.76 FRMIE

XS1 A1 4496.00 127.37 87.37 112.03 F8 4%
XS101 g 4598.00 144.79 112.79 114.12 F9-1 4%
XS101 =2 4807.00 149.07 109.07 120.25 F9-1 4%
XS101 A2 4786.00 150.43 110.43 118.79 F9-1. 4%
XS101 B2 4709.00 144.63 104.63 115.49 F9-1 b4%
XS101 A2 4634.00 143.50 103.50 112.29 F9-1 4%
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Table 2 Test results of the three—direction stress value of the acoustic emission test of the second member of the Xuxujiahe
Formation in the Xiaoquan—Fenggu area

e b hm o KSeREIIMIgcrymea RERIMPa A MR
XS1 A1 4487.00 101.33 82.10 88.62 101.29 118.76 90.04 110.71

X11 M2 4762.24 116.16 92.74 99.78 119.56 135.26 100.68 129.56
CG561 B4 4943.80 112.74 89.51 97.28 109.74 132.71 98.07 120.12
XC12 B4 4766.83 111.67 95.32 106.53 114.13 133.13 105.09 124.14
X501 A6 5270.70 120.87 99.48 110.79 117.80 144.01 109.79 128.87
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Table 3 Test results of triaxial stress value of the second member of Xujiahe Formation in Xiaoquan—Fenggu area

X ; = FERJ)/MPa
e =204 Y /m ___ - :
RRFER T /AN B EINY)
CX560 G2 4810.97 141.00 102.00 125.00
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Fig.7 Comparison of various methods to calculate the minimum horizontal principal stress value of single point
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Table 4 Calculation example of in-situ stress of samples in the study area
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Fig.10 Schematic diagram of horizontal stress value under different caving widths
a—CG561 well, 4810.00 m, caving width of 20°; b—X10 well, 4905.20 m, caving width of 40°
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Fig.11 Relationship between the width of the wellbore caving and the horizontal two-dimension differential stress
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