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Tab. 1 The fundamental information of borehole seismic stations
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Fig. 1

The broadband seismic data of BBVS —60 in the UD direction (a), simulation short period data

of FSS-3M (b) and measured short period data of FSS —-3M (c)
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Fig. 2 Schematic map of seismometer azimuth (N
and E are geographical north and East in the station
observation pier, BHN and BHE are the north

and east directions of the seismometer )
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Tab.2  Azimuth of surface referenced seismometer

i B/ AR TS Fhif/ (%) Fass B/ AR TS Fhf/ ()

1 QLIT /BBVS -60_CK 0.1 6 YC /CMG -40T_CK -0.2

2 QLIT /FSS -3M_CK 0.1 7 JSO /CMG -40T_CK 0.5

3 HZHG /CTS - 1EF_CK 0.1 8 HEF /CTS - 1EF_CK 1.7

4 XAN /CTS -1EF_CK 0.1 9 FYT /CMG -40T_CK -0.3

5 ZOZT /BBVS - 60_CK -0.2
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Tab.3 The broadband seismometer detection results of the surface seismic observation station on the same instrument frusta £4v/; (°)
R AL

A 1 2 3 4 5 6 7 8 9 10 YE
QLIT1 0.5 0.5 0.6 0.6 0.6 0.5 0.5 0.5 0.5 0.6 0.5
QLIT2 0.6 0.5 0.6 0.6 0.6 0.6 0.5 0.5 0.6 0.5 0.6
HZHG -5.9 -5.9 -5.9 -5.9 -5.9 -5.8 -5.9 -5.9 -6.0 -5.9 -5.9
XAN -0.9 -1.0 -0.9 -0.9 -0.9 -1.0 -1.0 -0.9 -0.9 -1.0 -0.9
ZOZT 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4
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Tab.4 The analysis results of the broadband seismic data and short

period seismic data on the same instrument frusta of QLJT station
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Je TR P ko A 07 1 49 B 4 M 07 A0
F, SZEUE T TS A 1] S R AR 1A R B
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Fig. 3 The time series of the calculated results of seismometer azimuth deviation based
on teleseism data in the surface seismic observation stations
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Tab. 6 The analysis results of multigroup instruments seismic data in the same surface station

and borehole short period seismic data in HH station BAr. (°)

WARDAES T i 2
JiYy BBVS-60_1 BBVS-60_2  CMC —40T FSS -3M J¥ BBVS-60_ 1 BBVS-60 2  CMC—-40T FSS -3M
/FSS-3DBH  /FSS-3DBH  /FSS-3DBH  /FSS -3DBH /FSS-3DBH  /FSS-3DBH  /FSS-3DBH  /FSS -3DBH
1 5 1.6 1.6 0.9 14 1.9 1.8 2.1 1.2
2 1.8 1.6 1.5 1.0 15 1.7 1.6 1.6 1.0
3 1.5 1.5 1.5 0.7 16 2.3 2.2 2.3 1.7
4 1.5 1.3 1.2 0.6 17 2.1 2.1 1.9 1.3
5 2.0 2.0 2.0 1.5 18 2.1 2.2 2.0 1.6
6 2.0 1.9 1.9 1.1 19 2.3 2.2 2.2 1.8
7 2.1 1.8 1.9 1.6 20 2.3 1.7 1.6 1.2
8 1.8 1.8 1.7 1.2 21 2.2 1.9 2.0 1.5
9 1.5 1.4 1.4 0.6 22 1.0 1.7 1.6 1.0
10 1.9 1.8 1.7 1.2 23 4.3 4.2 4.3 3.9
11 1.6 1.3 1.3 0.6 24 2.3 2.8 2.7 2.1
12 1.3 1.2 1.1 0.4 HE 2.0 1.9 1.9 1.3
13 2.1 2.1 2.0 1.6
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Tab.7 The resulls of the borehole seismomeler azimuth deteclion

of the HH station by the method of microtremors data correlation

and teleseism P — wave polarity at the same station

s PHBOR, AR P b b
=HH 2l o N 5 Iy A
RRC)ARRRS Fl/ ()
BBVS -60_1/FSS —-3DBH 2.0/0.921 6
BBVS -60_2/FSS —-3DBH 1.9/0.930 0
6.8
CMG —40T/FSS -3DBH 1.9/0.928 4
FSS -3M/FSS -3DBH 1.3/0.921 5
90
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Fig.4 The time series of the calculated results of
borehole seismometer azimuth deviation based

on teleseism data in the HH station
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Tab. 8 The results of borehole seismometer azimuth detection of the borehole seismic observation stations v : (°)
pIFG R €1
A% A2 v
R 1 2 3 4 5 6 7 8 9 10 4
YC 155.1 155.3 153.8 154.8 155.2 155.3 155.3 154.7 156.2 155.3 155.1
JSO -120.7 -121.2 -121.6 -121.1 -121.0 -122.1 -121.6 -120.8 — — -121.3
HEF -2.9 -2.7 -2.9 -2.9 -2.7 -2.8 -2.8 -2.9 -2.8 -2.9 -2.8
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HE 4 30° ~90° M FEFAFHEA TR P RS HT, 4
ANl b R T O O i 25 3 7R 0 S T B G SR )
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Fig. 5 The time series of the calculated results of borehole seismometer azimuth deviation

of the borehole seismic observation stations based on teleseism data
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Tab.9  The statistics of borehole seismometer azimuth
determined by the method of microtremors data correlation

and teleseism P — wave polarity at the same station
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Borehole Seismometer Horizontal Azimuth Detection by Using
Microtremors Data at the Same Station

LI Shaorui, HUI Shaoxing, DONG Pingjiang
( Shaanxi Earthquake Agency, Xi'an 710068, Shaanxi, China)

Abstract

In this study, a correlation analysis method was used to determine the azimuths obtained from several seis-
mometers deployed at the surface from the same station, and the method was carried out at 5 borehole seismome-
ters deployed in Yancheng, Jiangsu Province, Jieshou, Hefei, Fuyang, Anhui Province, and Hanghai,
Henan Province. Meanwhile, we used the teleseism P — wave polarity method to verify the azimuth of the sur-
face and borehole seismometer. The results show that the deviations of the waveform correlation analysis method
and teleseism P — wave polarity method from the gyro north seeker detection results in the seismometer azimuth
detection of surface seismic stations are within 0. 4° and 2. 9°, respectively. The deviation between the waveform
correlation analysis method and the teleseism P — wave polarity method is within 5. 5° in the seismometer azimuth
detection of borehole seismic stations. Therefore, both the teleseism P — wave polarity method and the waveform
correlation analysis method can obtain satisfactory results.

Keywords: borehole seismometer; azimuth deviation; waveform correlation; P - wave polarity method




