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Layout optimization of drainage holes in the hydraulic tunnels of
Jinping [l Hydropower Station
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Abstract; Along with the exploitation of underground space approaching to the deep constantly, the high external
water pressure is posing a big threat to the safety of lining structure. Drainage holes are often used to release the
pressure in the engineering practice. An optimization analysis of the drainage hole layout based on the stress target
of lining was carried out in this study. The effect of the drain hole diameter, spacing and entry depth in rock on the
water pressure was studied by orthogonal numerical tests. The results showed that influencing factors can be ordered
as entry depth, diameter and spacing, from a high influence to a low influence, and with the pore pressure
increasing, the influence of different layout decreased. A week after lining installation, the influence of different
layouts reached 0.3 MPa. Therefore, to reduce the water pressure on lining and ensure the safety of the lining, it s
preferred to increase the entry depth. Through the range analysis, influences of factors on the lining security were
obtained, and the optimal drainage holes arrangement scheme was determined as 2. 86 m in spacing, 0.2 m in
diameter and 0.2 m in entry depth, which means a great significance for the drainage hole design of hydraulic

tunnels.

Key words: hydraulic tunnel; drainage hole; pressure relief effect; optimization analysis
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Fig.2 Diagram of the simulation model
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Table 1 Calculation parameters

WAL R/ GPa EL/N 4 Fh® 1/ MPa WEERESM/(°)  BUBLRE/MPa %%/ (kg - m™) BBERI/ (em-s™)

Fil 4 18.9 0.230 15. 60 25.8 1.50 2630 1x10™

fof 1) 28.0 0. 167 2.73 54.4 1.75 2500 1x107°
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Fig.4 Sketch of the pressure drainage
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Table 2 Geometry parameters of the drainage holes m
UES d D L UES d D L UES d D L

1 1.5 0.10 0.1 10 2.0 0.30 0.1 19 3.0 0.25 0.2
2 1.5 0.15 0.2 11 2.5 0.10 0.4 20 3.0 0.30 0.4
3 1.5 0.20 0.4 12 2.5 0.15 0.6 21 3.5 0.10 0.8
4 1.5 0.25 0.6 13 2.5 0.20 0.8 22 3.5 0.15 0.1
5 1.5 0.30 0.8 14 2.5 0.25 0.1 23 3.5 0.20 0.2
6 2.0 0.10 0.2 15 2.5 0.30 0.2 24 3.5 0.25 0.4
7 2.0 0.15 0.4 16 3.0 0.10 0.6 25 3.5 0.30 0.6
8 2.0 0.20 0.6 17 3.0 0.15 0.8

9 2.0 0.25 0.8 18 3.0 0.20 0.1
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Fig.5 Results of the scheme No. 9
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Table 3 Contour areas of the pore pressure and the maximum pressure of lining
Vil A/m? N
% JE RS
P=0.1MPa P=0.2MPa P=0.3MPa P=0.4MPa P=0.5MPa P=0.6MPa P=0.7MPa P=0.8MPa P=0.9MPa P=1.0MPa , /ip,
1 12.8 25.5 39.9 55.7 72.9 91.8 112.7 136.0 162.0 191. 4 26.98
2 13.5 25.7 39.9 55.6 72.9 91.8 112.7 136.0 162.0 191. 4 28.72
3 15.5 26.9 39.8 55.5 72.7 91.7 112.6 135.8 161.8 191.2 32.58
4 18.2 28.8 40.7 55.2 72.5 91.4 112.3 135.5 161.6 191.0 28.79
5 20.9 31.8 42.6 55.3 72.1 91.0 111.9 135.1 161. 1 190. 5 12. 81
6 13.1 25.6 39.9 55.6 72.9 91.8 112.7 136.0 162.0 191. 4 20.90
7 14.5 26. 6 39.9 55.6 72.8 91.8 112.7 135.9 161.9 191.3 24.18
8 16.5 27.9 40.6 55.5 72.7 91.6 112.5 135.8 161. 8 191.2 30. 84
9 18.3 30.0 42.0 55.6 72.5 91.4 112.3 135.6 161.6 191.0 33.19
10 12.7 25.4 39.9 55.6 72.8 91.8 112.7 135.9 161.9 191.3 31.63
11 14. 1 26.5 40.0 55.6 72.9 91.8 112.7 135.9 162.0 191. 4 22.34
12 15.9 27.6 40.6 55.6 72.8 91.7 112.6 135.9 161.9 191.3 19. 18
13 17.4 29.5 41.9 55.9 72.7 91.6 112.5 135.8 161.8 191.2 24. 64
14 12.6 25.5 39.9 55.6 72.9 91.8 112.7 135.9 162.0 191. 4 21.21
15 13.3 25.6 39.8 55.5 72.8 91.7 112.6 135.8 161.9 191.3 21.00
16 15.1 27.1 40.5 55.7 72.9 91.8 112.7 135.9 162.0 191. 4 19. 61
17 16.3 28.6 41.5 55.9 72.8 91.7 112.6 135.9 161.9 191.3 23.70
18 12.5 25.5 39.9 55.6 72.9 91.8 112.7 136.0 162.0 191. 4 24.98
19 13.1 25.6 39.8 55.6 72.8 91.8 112.7 135.9 161.9 191.3 30.21
20 14.4 26.5 39.8 55.4 72.7 91.6 112.5 135.8 161. 8 191.2 26.17
21 15.4 27.9 41.2 55.8 72.9 91.8 112.7 135.9 162.0 191. 4 19.41
22 12.4 25.5 39.9 55.7 72.9 91.8 112.7 136.0 162.0 191. 4 25.91
23 12.8 25.6 39.9 55.6 72.9 91.8 112.7 136.0 162.0 191. 4 21.18
24 13.9 26.3 39.9 55.5 72.8 91.7 112.6 135.9 161.9 191.3 19.99
25 15.3 27.3 40.5 55.5 72.7 91.6 112.5 135.8 161. 8 191.2 29.11
——P=0.1 MPa —— P=0.2 MPa
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Fig.6 Curves for the areas of contour lines
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Fig.7 Range analysis of different factors
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