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In-situ stress characteristics in the project area of a large hydropower station on the northern

margin of the eastern Himalayan syntaxis

Abstract: [Objective] We analyzed and evaluated the in-situ stress distribution characteristics and fault stability in the
project area of a large hydropower station on the northern margin of the eastern Himalayan syntaxis. [Methods] We
combined hydraulic fracturing measurements with three-dimensional stress field inversion analysis to obtain stress field
information for key structures, such as the underground powerhouse and water diversion tunnels. [Results] The study
revealed the following: (1) The principal stress relationship generally follows Si;>S,>S;, dominated by horizontal stress,
indicating a strike-slip stress regime. The predominant orientation of the maximum horizontal principal stress is ENE,
consistent with the principal compressive stress direction derived from focal mechanism solutions. This is inferred to be
primarily controlled by the NE-directed compression of the Indian Plate against the Eurasian Plate and the clockwise
rotation around the eastern Himalayan syntaxis. (2) The principal stresses increase linearly with depth. Within the depth
range of 77.8 m to 386.4 m, Sy and S, range from 3.0 MPa to 11.0 MPa and 2.0 MPa to 6.7 MPa, with gradients of 1.82
MPa/100 m and 0.72 MPa/100 m, respectively. Compared to the Tibetan Plateau block, the stress magnitude in the study
area is relatively low. This is due to the Jiali Fault, which is predominantly characterized by strike-slip motion,
accommodating and partially releasing tectonic stress. (3) Risk analysis of active faults based on the Mohr-Coulomb
criterion and Byerlee’s law shows that the stress state of the Jiali Fault in the project area has not reached the critical
condition for shallow crustal fault slip instability, indicating relative stability. (4) Stress field inversion results reveal that
along the water diversion tunnels and the underground powerhouse (burial depth 160 m to 400 m), the maximum horizontal
principal stress ranges from 3.9 MPa to 11.0 MPa, the vertical stress from 5.8 MPa to 10.7 MPa, and the minimum
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horizontal principal stress from 4.5 MPa to 7.8 MPa. The azimuth of the maximum horizontal principal stress is between
48° and 66°. The orientation of the maximum horizontal principal stress in the rock surrounding the tunnel often intersects
the tunnel axis at large angles (generally 62° to 70°), which is unfavorable for the stability of the rock surrounding the
tunnel. [Conclusion] A combined analysis of in-situ stress and surrounding rock strength indicates the possibility of slight
rockbursts. Necessary protective measures should be implemented during excavation based on actual site conditions.
[Significance] This study provides key evidence for evaluating fault stability and engineering safety in the project area.
Keywords: eastern Himalayan syntaxis; active fault; in-situ stress; fault stability; inverse analysis
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Fig. 1 Geological sketch map of the eastern Himalayan syntaxis (modified from Li et al., 2022)

SS-Siang syntaxis; AS—Assam syntaxis; YLS—Yarlung Zangbo suture zone; STDS—Southern Tibetan detachment system; MCT-Main Central

Thrust; MBT-Main Boundary Thrust; JLF-Jiali fault
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Fig. 2 Hydraulic fracturing measurement process and typical measurement curves (Hayashi and Haimson, 1991; Sun et al., 2024)

Sy—maximum horizontal principal stress; S,—minimum horizontal principal stress; P,—borehole fluid pressure; P,—formation breakdown pressure;

P—fracture reopening pressure; P—shut-in pressure
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Fig.3 Typical fracturing curves for in-situ stress measurements in the engineering area
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Table 1 Results of in-situ stress measurements
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Table 3 Table of physical and mechanical parameters of rock mass
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Fig. 9 Contour plot of the stress distribution in the bank water conveyance system at the dam site area

(a) Maximum horizontal principal stress; (b) Vertical stress; (c¢) Minimum horizontal principal stress

The numbers represent stress values in MPa
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(a) Distribution of the ratio of the effective maximum to minimum principal stress with depth; (b) Distribution of the ratio of effective maximum

to minimum principal stress with borehole
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Table 5 Rockburst risk criteria and classification
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