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Abstract: This paper is the result of geological survey engineering.

[Objective] The magnitude and direction of in—situ stress are important parameters for well placement, fracturing design and
reservoir evaluation in hot dry rock development. It is of great significance to study reservoir stress state for hot dry rock
development. [Methods] In this paper, the characteristics of current stress field in the Gonghe Basin are analyzed based on regional
geological structure evolution, focal mechanism solution and inversion results, statistics of joints and fissures, and in—situ stress
measured data. Combined with the reservoir structure and stratigraphic lithofacies characteristics of GR2 well, a three—dimensional
model is established, and the three—dimensional in—situ stress data of GR2 well in the Gonghe Basin is obtained through numerical
simulation by using orthogonal anisotropic elastic constitutive relation. The regional tectonic stress field and occurrence conditions
of dry hot rock resources are discussed. [Results] (D The simulated stress distribution is consistent with the theoretical value, which
meets the requirements of initial displacement accuracy, and finally predicts the distribution characteristics of in—situ stress field in
the well. @ In the depth range of 500~4500 m, the relationship of three principal stresses is principal stress is o, >0, >0, indicating
that the stress structure in this region is favorable to normal fault activity. 3 The maximum horizontal principal stress direction of
the Gonghe Basin in Qinghai province is mainly NE direction compression deformation, which is conducive to low fluid
permeability and low heat transfer of granite. @ Under the action of a unified regional stress field, the faults may be come instability
near the injecting well, when the continuous injection pressure on the ground reaches or exceeds about 19.9 MPa during the water
injection development of 3900~4500 m depth in the study area, leading to the occurrence of medium and small earthquakes, which
should be prevented in the development and utilization of the hot dry rock. [Conclusions] The research results have certain reference

value for geodynamics research and the safe development and utilization of dry hot rock in the Gonghe Basin.

Key words: the development of hot dry rock; in—situ stress; 3D numerical simulation; fault activity; geological survey engineering;
the Gonghe Basin; Qinghai Province

Highlights: (1) The characteristics of regional stress field in the Gonghe Basin were analyzed based on geological structure
evolution, focal mechanism solution inversion, joint fracture statistics and in—situ stress measurement data. (2) The in—situ stress data
of hot dry rock GR2 well were obtained by numerical simulation, the stability of faults in the study area was analyzed, and the
influence of water injection pressure on the stability of nearby faults was quantitatively evaluated from the perspective of hot dry
rock development.
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Table 1 Statistics of principal stress direction of joints and fractures in hot dry rock area of Gonghe Basin
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Fig.1 Schematic diagram of the geological structure of the Gonghe Basin (modified from Wang Erqi et al., 2009)
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Fig.2 Direction projection map of in—situ stress in hot and dry rock area of the Gonghe Basin based on fracture statistics
(modified from Lei Zhihong, 2020)
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Fig.3 Orientation of maximum horizontal principal stress in hot dry rock area of the Gonghe Basin (modified from Wang Hong et al., 2021)
a—HF method; b—Stress relief method
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Table 2 Rock stratum category and rock mechanics parameters of hot dry rock GR2 well

N \ P B

et WiEm RN - *F'ij e o " M’Zf/ T

Voves 945 22000 0.238 0.238 0.238 7.51 7.51 7.51
W 1000 23650 0.240 0.240 0.240 14.85 14.85 14.85
CRIRE 1395 25770 0.253 0.253 0.253 35.44 35.44 35.44
HBAaBERE 1600 25810 0.255 0.255 0.255 42.15 42.15 42.15
T N E 1800 26850 0.264 0.264 0.264 43.15 43.15 43.15
ZRIERBEA 1920 26820 0.258 0.258 0.258 46.56 46.56 46.56
BRI NE 2350 27560 0.274 0.274 0.274 40.25 40.25 40.25
KR E 2600 27860 0.269 0.269 0.269 4236 4236 4236
B KA 4000 27960 0.271 0.271 0.271 41.28 41.28 41.28
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Fig.6 3D principal stress nephogram of the hot dry rock study area
a—Nephogram of maximum principal stress; b-Nephogram of intermediate principal stress; c— Nephogram of minor principal stress
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Fig.7 Displacement and is—situ stress simulation results diagram in hot dry rock GR2 well
a—Nephogram of Z—direction displacement; b—Variations of stresses with the depth of GR2 well
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Table 3 Comparison of stress field numerical simulation values in geothermal wells of dry hot rock

VRIE /m 4 o/MPa A i 2 o/MPa ARSI 2 o/MPa R
GR2 77 61 54
3000 GRI 30 3.75% 7 15% 53 6.8%
3500 giﬁ gi 3.15% ;2 16.2% ZZ 7.3%
GR2 104 83 72
4000 GRI 108 3.7% 08 15.3% 76 5.3%
R R B R BN S T AR, (B.25 ErHrikoh, GR2 1 ) A A R E R AR XN S8,
2 DX IR 3 N 1 3 ), e R FE R 18Ty W Rl RE E%Iﬂ@ﬁ%gﬁl%E R (R RCEFAE, 2006) . H
A NE [1] (NE35°~73°, -2k NE54°) . TR 37 XA S AT 555, WiEZ AN LT, g
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Fig.8 Mohrcircle of effective principal stress expressing Coulomb’s failure criterion
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