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Abstract Deep underground spaces have a noise environment lower than the surface, providing
an excellent platform for high-precision and multi-physical fields observation. By conducting a
joint seismic observation of the underground roadway at — 848 meters below sea level and the

surface in the Panyidong mining field in Huainan, Anhui Province of China, we analyzed their
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characteristics of the ambient vibrations. The comparison results reveal that the Power Spectral
Density (PSD) value of noise records at the surface above 1. 0 Hz is 20~40 dB higher than that at
the deep underground. Moreover, a day-night pattern variation with respect to human activities is
observed at the surface. In contrast, the underground records do not exhibit this time-varying
phenomenon, which can be attributed to attenuation of the 870 m thick sedimentation overlying
the underground roadway. In the 0. 1 ~1. 0 Hz frequency band, the difference between the
surface and deep underground is relatively reduced, with a power gap of 10 dB. The difference of
low frequency noises below 0.1 Hz is small, possibly due to the interference of downhole airflow
and the instrument background noise. When comparing the Double-Frequency (DF) microseism
spectrum, the site amplification effect and the splitting of DF microseism peak are clearly
observed. Additionally, the deep underground’s low-noise environment highlights several high-
frequency time-invariant signals, which can be identified as equipment-induced vibrating sources
through polarization analysis in frequency domain. Overall, our results confirm that the deep
underground provides an excellent environment for high-precision seismic observation and source
location. This study also provides an important reference for the subsequent construction of deep
underground laboratory and related researches.
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Fig. 2 Joint observation points of the surface and deep underground (a) and

distribution of the instrument array employed in underground tunnel (b)

Low Noise Model, NLNM).

Buland(2004)
(Probability Density

. McNamara

Function, PDF).

PSD , s
(
1) 2015; ’ 2018) ’
3600 s (1 h) , 50% ; Welch
(1967) PSD,
1/8 ;
s PDF 3
(1) 1~25 Hz , PSD
—120dB —100 dB, 10 Hz
( 3a—c )
, 1 19 0 22 8
( , 2022). 3
PDF .
, PSD 20~40 dB,

(2) 0.1~1 Hz

’

1)

10 dB;
(2~10 s) ,
, , Rayleigh Love
(Koper et al. » 2010; Juretzek and Hadziioannou,
2016). Koper  Burlacu(2015)
( 3a—o0) )
0.3~0.7 Hz,
10~15 dB,
(Roten
et al. , 2013; Chen et al. , 2018; , 2020).
(3) 0.03~0.1 Hz(10~30 s) ,
PSD
( ,2022). , PSD
(Peterson, 1993; Diaz et al. , 2010;
, 2019). , PSD-PDF
2.2
2020 1 25 31
(UTC+8) 7 , 7 24 h

H

(Short Time Fourier Transform, STFT )

’



797

3 ( : 0.033~25 Hz)
(a—c) (d—D EW.NS.UD , . (Peterson, 1993).
Fig. 3 Probability spectral density functions (PDFs) of three-component (3-C) ambient noises observing
at the surface and underground (frequency band: 0.033~25 Hz)
(a0 and (d D represent EW. NS and UD components of surface and underground respectively;

The gray line is the new high &. low-noise model (Peterson, 1993).
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Fig. 4 Diurnal variations of 3-C ambient noises observing at surface and underground (frequency band: 0. 033~25 Hz)

(al—a3) and (bl—b3) represent the surface and underground UD, EW, NS components respectively.
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Fig.5 Waveforms and day-night PSD curves of surface and underground three-component records
(al—a3) represent the 7-day waveforms, 24-hour single-day waveforms and day-night smooth PSD curves of the UD component
respectively; (b1-—b3) and (c1—c3) show the results of EW and NS components; The black and orange curves are surface and

underground observations respectively. bp: bandpass.
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Fig. 6 The probability density function of ambient noise power spectrum and polarization characteristics recorded
by deep underground stations
(a—c) The power spectral density for UD, EW and NS components respectively; (d) The principal eigenvalue A; (e) The polarization
degree g?; (D) The back azimuth @u; (g) The angle of incidence @y ; (h) The difference of phase ¢y between the vertical and horizontal

components; (i) The difference of phase ¢y between the two horizontal components.
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(a), (b) N484

7
N32 R-T

Fig. 7 The optimal polarization orientation and intersection location diagram of high frequency time-invariant noise

(a) and (b) are the R-T rotation results of N484 and N32 stations respectively; (c) presents the intersection positioning schematic,

where the yellow star symbols indicate the observation positions, and the blue lines represent the extension of the optimal polarization

direction.
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Fig. 9 3-C waveforms (a—c) and amplitude spectrums (d—e) of Ms5. 5 earthquake in the East China Sea

The blue and red lines are the theoretical arrival times of P wave and S wave calculated according to the iasp91 model respectively;

The brown and black curves are surface and underground observations respectively.
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