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Based on orthogonal design to optimize water sealed
underground oil storage caverns

SONG Kun', YAN E-chuan', YANG Ju', JI Hui-bin"?

(1. Faculty of Engineering, China University of Geosciences, Wuhan 430074, China;
2. Beijing New Oriental Star Petrochemical Engineering Co., Ltd., Beijing 100070, China)

Abstract: Storing oil in large underground caverns by water sealed is an important way of strategic oil reserve in the world. It needs
to optimize the layout of caverns for the stability of such a large-scale unlined underground cavern. Based on the analysis of the
engineering geological characteristic of an underground project in Shandong province, the numerical model was established. And the
mechanical parameters of rock mass were estimated by the generalized Heok-Brown failure criterion with the integration of rock
sample triaxial test and rock mass classification of rock mass rating (RMR) system. Choosing the depth, axial direction and space as
factors, and calculated the displacement of the caverns by the FLAC™ code in different schemes, determined by the orthogonal
design. The visual analysis of the results of the evaluating index, key point displacement and plastic zone area was done. The axial
direction is the significant factor, and the influence on the stability was studied separately. The optimized layout of the underground
caverns is that the depth is -60.0 m, axial direction is N30° W and space is 25 m. It has some values for the layout of the underground
oil storage caverns.
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Fig.1 Geological profile of water sealed
underground oil storage caverns
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Fig.3 Mohr stress circles of triaxial test of rock samples
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Table 1 Mechanical properties of rock masses
25 O RMR GSI m; D my s a 3Em v
/MPa /(10° MPa)
M2 2321 73 68 16.802 0 5.358 0.029 0.502 28.180 0.24
M2 2321 52 47 16.802 0 2.531 0.003 0.507 8.414 0.25
IV 2321 37 32 16.802 0 1.481 0.001 0.520 3.548 0.27
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Table 2 The values of different levels experiment
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Table 3 The orthogonal design scheme and results

T i ] D 5
/ m / m /cm / m

1 -60 N 30 0.534 814.6
2 -60 N30° W 25 0.435 764.1
3 -60 N60° W 20 1.009 820.7
4 -55 N 25 0.614 882.4
5 -55 N30° W 20 0.566 817.5
6 =55 N60° W 30 1.164 787.4
7 -50 N 20 0.657 931.9
8 -50 N30° W 30 0.622 783.5
9 -50 N60° W 25 1.159 738.6
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Table 4 Visual analysis results of evaluating index, Dy
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Table S Visual analysis results of evaluating index, S,
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Fig.4 Monitoring points’ layout of numerical calculation
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