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Table 1 Basic physical property parameters of rock core

B RIN L/

BT,

el tf o ge/

UL KL/

AL /m FaNis (g+em™) (g+em™) (g+em™) (g-em™) RIREIKE/ %
112.77~113.59 HORLAE B N 2.652 2.650 2.653 2.658 0.068
205.74~207.69 AR A B N A 2.692 2.691 2.694 2.699 0.059
302.65~309.27 H AR BN KA 2.682 2.680 2.682 2.687 0.063
417.99~419.92 HRORLAE N A 2.632 2.630 2.633 2.639 0.098
500.40~501.25 HR AR S N 2.646 2.644 2.647 2.651 0.073
548.42~549.22 AR B N A 2.666 2.665 2.667 2.671 0.058
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Table 2 Elastic wave velocity parameters of borehole cores

£ N3 5%

R iesd/

IR IR, SRREE, SRR E

LR /m ey (m-s')  (mes) SR CPa CPa OPa CPa
112.77~113.59 rORLAE R N 4990.00 2839.67 0.26 53.88 21.42 37.47 23.19
205.74~207.69  HARLA YLK 5254.00 2656.33 0.33 50.46 19.03 48.95 36.26
302.65~309.27  HARRLASEINKSE 5113.00 2802.33 0.28 53.89 21.13 41.94 27.85
417.99~419.92 rpoRiAE B I 4895.67 2931.00 0.22 55.17 22.62 32.95 17.87
500.40~501.25  HARIERINKS  5103.67 2901.67 0.26 56.20 22.28 39.25 24.39
548.42~549.22  HAKIAERKINKSA  5251.67 2679.67 0.32 50.63 19.15 48.14 35.37
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Fig.1 Spatial distribution of faults in the modeling area
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Fig.3 Time history and spectral characteristics of ground acceleration with 6.5 magnitude earthquake
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Fig.5 Acceleration distribution characteristics at different moments in the system
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Fig.8 Feature points and corresponding node numbers selected in the analysis of the
rock mass-underground structure system in the model area
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Fig.9 Spectrum characteristics of ground motion propagation under different working conditions from C1 to C14
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Table 5 Working condition C8 down ramp amplification factor with 6.5 magnitude earthquake
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Table 6 Working condition C17 down ramp amplification factor with 7.0 magnitude earthquake
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Seismic response characteristics of the cavern group of the Beishan underground
research laboratory for the geological disposal of high-level radioactive waste

YUN Long"*, CHEN Su®, FU Lei*, ZHUANG Hai-Yang’, WANG Ju'?’
(1. Beijing Research Institute of Uranium Geology, Beijing 100029, China; 2.CAEA Innovation Center for Geological Disposal of High-Level Radioactive
Waste, Beijing 100029, China; 3. College of Architecture and Civil Engineering , Beijing University of Technology, Beijing 100024 ; 4. Institute of Geo-
physics, China Earthquake Administration, Beijing 100081, China; 5. School of Civil Engineering and Architecture, East China Jiaotong University ,
Nanchang, 330013, China)

Abstract: The Hexi Corridor and northern Qilian region, adjacent to the Beishan underground research laboratory (URL) for the geo-
logical disposal of high-level radioactive waste, exhibit complex seismic environments characterized by frequent strong earthquakes. The
Beishan URL, featuring a complex underground structure consisting of three vertical shafts and a spiral ramp, displays significant large-
scale spatial distribution characteristics. Investigating the seismic response characteristics of the underground structure group holds great
engineering significance for the subsequent assessment of crustal stability at the site. Based on the design of the URL, along with exist-
ing physical and mechanical parameters of surrounding rocks, this study established a fine-scale three-dimensional finite element model
of the rock mass-underground structure system. Using this model, this study investigated the impacts of key faults on the near-field seis-
mic safety of the URL. The results indicate that traditional seismic attenuation relationships are difficult to consider near-source effects,
such as finite fault effects, fracturing directivity effects, and hanging wall effects. In contrast, the stochastic finite-fault method can ef-
fectively consider these near-field ground shaking characteristics. The target site exhibits hard granite bedrock, and the response spectra
of the earthquakes induced by near-field seismogenic faults, received at the site, display pronounced high-frequency components. Fur-
thermore, the ground shaking of the underground cavern group, caused by the irregular structure of the URL, presents significant spa-
tial variability, with the rock mass softening zone exhibiting a notable accumulation of peak ground acceleration. This zone should be a-
voided in engineering applications. This study offers a basis for seismic safety analysis for the future site selection and evaluation of the
disposal repositories of high-level radioactive waste.

Key words: underground research laboratory for the disposal of high-level radioactive waste; ground shaking; fault; seismic response;

numerical simulation
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