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In-situ stress measurement and inversion analysis of a large hydropower project in southeast Tibet

Abstract: As a control and regulating project, the hydropower station in the Yigongzangbu basin of Tibet plays a vital role
in meeting the electricity demand of the Tibetan power grid. Identifying this hydropower station’s present-day in-situ stress
environment and understanding the characteristics of in-situ stress distribution at critical locations such as underground
plants and diversion tunnels are essential to ensure its engineering safety. Based on the tectonic and geological background
and rock conditions of the project area, we carried out hydraulic fracturing in-situ stress measurements by placing boreholes
and obtained in-situ stress data from 4 measurement points (8 boreholes). A finite element three-dimensional geological
model was established according to the existing geological conditions. The measured stress state revealed the loading
conditions, and the inverse analysis of the stress field in the engineering area was made. The maximum horizontal principal
stress ranges from 4.17 to 16.93 MPa in the 2D test and 14.2 to 16.23 MPa in the 3D test. The maximum horizontal
principal stress orientation is NE 38°to NE 47°, and the NE direction dominates the present-day tectonic stress field. In the
2995-meter elevation horizontal plane of the underground plant area of the power station, the stress values of o1, 62, and 63
range from 11.70 to 12.12 MPa, 9.81 to 10.74 MPa, and 5.22 to 6.85 MPa, respectively. The maximum principal stress
value of o1, 62, and 63 along the diversion tunnel range from 11.8 to 14.05 MPa, 10.13 to 12.83 MPa, and 4.56 to 8.49
MPa, respectively. The axis direction of this hydropower station’s underground plant and the diversion tunnel’s axis
direction intersect at a slight angle with the direction of the measured maximum principal stress, and the ground stress field
is favorable to the stability of the project cavern. It is necessary to consider the actual geological conditions and adopt
suitable tunnel construction technology in the later construction process. The construction monitoring should also be
strengthened to ensure the project’s safe construction.

Keywords: southeast Tibet; hydropower station; hydraulic fracturing; in-situ stress measurement; inverse analysis of in-situ
stress; engineering stability
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Fig. 1 Distribution map of main active faults and seismic centers in the research area
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Table | Basic parameters of the test boreholes
NCE e iLe EFLITRLAA/(°) HhifLisa/ (°) FLH E AR (R /m FLIRGKAL) /m
ST-1 ZK59 / 90 3139.1(214.0) 200.8(78.4)
ST-2 ZK66 / 90 3100.0(112.0) 151.6(100.3)
ZK54 / 90 101.0€0)
ST-3 ZK54-1 58 -3 3022.5(334.5) 30.8(/)
ZK54-2 168 -3 31.0(/)
ZK56 / 90 80.8(0)
ST-4 ZK56-1 17 -3 3022.5(442.5) 30.8(/)
ZK56-2 119 -3 30.7(/)
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Table 2 Depth of each measuring point for fracturing test
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Fig.2 Typical curves of in-situ stress test in each test point
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Table 3  The results of two dimensional in-situ stress measurement (ST-1&ST-2)
WS WAAS W [ERUFESHUMP LI ffMPa St
WP, HIKIESIP, KHEIIP, S S, S,
31.00 9.32 3.92 2.49 4.17 2.80 6.47
56.00 8.94 4.41 3.14 6.13 3.70 7.13
81.00 9.37 5.89 4.04 7.82 4.85 7.79 NE38°
ST-1 ZK59
132.00 13.42 8.26 6.32 12.80 7.64 9.14 NE45°
155.00 14.03 8.58 6.63 13.64 8.18 9.75
192.50 15.01 9.55 7.45 15.51 9.38 10.75 NE41°
49.00 21.80 12.17 7.49 11.28 7.98 4.27
82.50 16.57 12.11 8.24 14.26 9.07 5.15 NE39°
ST-2 ZK66 101.00 15.51 9.07 7.32 14.90 8.33 5.64 NE43°
119.40 17.93 12.91 9.06 16.47 10.25 6.13
138.50 18.76 13.57 9.37 16.93 10.76 6.64 NE47°
R4 ST3, STAZHMEANKIHTHEER
Table 4 The results of three dimensional in-situ stress measurement (ST-3&ST-4)
R T BRI e _ PHLER o _ R ERL o
BfE/MPa  Jififa/(0)  MfA/C)  RAE/MPa  Jrfiff/(c)  Bf/Ce)  RAE/MPa Fif/(e)  BA/C)
ST-3 334.5 14.20 235.4 -18.2 12.56 152.5 19.6 9.07 106.0 —62.0
ST-4 441.5 16.23 248.0 -22.8 14.28 167.0 20.0 7.68 114.0 —58.0
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Fig. 4 FEM model of the engineering area
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Table 5 Comparison of in-situ stress data and inversion data
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