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Hyewon Lee and Dong-Hoon Sheen, 2015, A study on determination of orientation of borehole seismometer.
Journal of the Geological Society of Korea. v. 51, no. 1, p. 93-103

ABSTRACT: We measured orientations of borehole seismometers being operated in South Korea at June 2014
by using the P wave polarization of 53 earthquake events larger than magnitude 5.0 occurring around the Korean
Peninsula during the period from June 2013 to June 2014. In addition, we provide a practical guidance for measuring
the orientation of borehole seismometer to be installed in the near future. A reference seismometer was installed
and operated at the surface within station HWSB of the Korea Institute of Geoscience and Mineral Resources for
about one month. The orientation was measured by the cross correlation of ambient seismic noise recorded at the
reference and borehole seismometers in the frequency range from 0.3 to 0.7 Hz, which is the dominant frequency
band of the secondary microseism. Our result shows that even when seismic noise level is less than -123 dB, the
full waveform cross correlation gives more stable estimates of the orientation than the one bit normalization method.
It is also found that the rotation angle of two horizontal components corresponding to the largest mean of the
correlation coefficients of horizontal components is more reliable even for the low level of seismic noise than that
corresponding to the largest coefficient of a single component.
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Table 1. Source parameters of earthquakes used in this study (from IRIS).

s Hypocenter .
Origin time (UTC) Latitude () Longitude (°) Depth (km) Magnitude (Mw)
2013/06/02 05:43:03 23.79 121.14 17 6.2
2013/07/21 23:45:56 34.51 104.26 8 59
2013/08/11 21:23:43 30.08 97.93 19.7 5.7
2013/08/31 00:04:18 28.23 99.37 9.8 5.6
2013/09/19 21:37:04 37.75 101.51 20 5.0
2013/10/15 00:12:32 9.88 124.12 19 7.1
2013/10/15 08:36:20 9.83 124.26 7 5.6
2013/10/15 08:42:49 9.79 123.69 16 5.7
2013/10/25 17:10:19 37.16 144.66 35 7.1
2013/10/25 21:27:34 37.11 144.67 10 5.5
2013/10/27 18:13:06 37.09 144.57 20 5.5
2013/10/31 03:03:34 44.71 124 10 5.1
2013/10/31 12:02:08 23.59 121.44 10 6.3
2013/11/09 22:37:50 35.92 139.97 64 5.6
2013/11/12 07:03:51 54.69 162.3 43 6.4
2013/11/15 02:00:33 41.43 142.18 46 5.5
2013/11/16 11:44:41 35.6 140.15 59 5.5
2013/11/22 22:04:25 44.6 124.17 10 53
2013/11/25 05:56:50 45.56 151 34 6.0
2013/12/03 23:58:49 6.62 126.17 30 5.6
2013/12/08 17:24:54 44.44 149.17 28 6.0
2013/12/14 04:06:15 35.65 140.65 42 5.5
2013/12/17 23:38:06 20.77 146.79 9 6.2
2013/12/21 01:34:13 35.61 140.65 35 5.5
2013/12/23 06:57:29 35.69 142.14 8 5.6
2013/12/23 09:12:27 12.77 143.04 92 5.8
2013/12/28 19:31:23 20.76 146.67 12 5.6
2013/12/31 20:01:06 19.12 120.27 11 5.7
2014/01/04 05:23:00 36.97 143.38 22 5.5
2014/01/04 19:34:25 56.75 129.53 1 53
2014/01/23 04:59:49 13.36 146.13 7 5.8
2014/01/23 05:23:59 13.39 146.18 10 5.7
2014/02/23 04:54:18 43.51 147.77 20 5.5
2014/03/13 17:06:50 33.68 131.82 79 6.3
2014/03/19 12:19:26 24.11 122.26 20 5.8
2014/03/29 01:53:57 36.32 141.84 20 5.5
2014/03/31 19:48:36 36.94 124.46 17 5.0
2014/04/02 23:22:47 39.16 141.8 58 5.6
2014/04/30 06:20:55 43.03 94.26 10 53
2014/05/02 09:15:20 37.85 144.23 16 5.6
2014/05/03 10:57:13 22.28 144.01 90 5.6
2014/05/05 11:08:43 19.66 99.67 6 6.1
2014/05/15 10:16:42 9.38 122.06 16 6.3
2014/05/21 00:21:12 23.76 121.5 13 5.6
2014/05/23 19:42:26 56.05 113.9 3 5.4
2014/05/23 20:49:21 24.97 97.84 8 5.8
2014/05/30 01:20:15 25 97.85 10 5.9
2014/05/30 15:26:14 9.39 126.47 15 5.7
2014/06/07 13:11:35 50.68 157.07 41 5.5
2014/06/14 17:31:41 39.44 140.99 92 5.5
2014/06/15 18:19:14 36.6 141.72 16 5.5
2014/06/15 20:14:50 37.1 141.11 45 5.6

2014/06/29 05:56:31 24.39 142.63 48 6.2
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Table 2. Estimated orientation of borehole velocimeter.

Station Network™ Number Average Standard ~ Median Median absolute Data period
code of data (°)  deviation (°) ©) deviation (°)

BOSB KS 20 326.4 3.9 326.9 4.4 2013.10.15-2014.06.29
DACB KS 20 924 6.3 93.1 5.2 2013.06.02-2014.06.29
EMSB KS 26 23.0 7.2 23.8 4.9 2013.07.21-2014.06.29
EURB KS 15 254.0 4.2 252.8 3.0 2013.10.25-2014.06.29
GAHB KS 26 229.3 4.9 228.8 2.4 2013.07.21-2014.06.29
GOCB KS 16 125.0 5.4 126.4 3.3 2013.06.02-2014.06.29
GSU KG 16 2123 36.0 203.3 38.7 2013.06.02-2014.06.29
GWYB  KS 16 236.7 4.1 2373 3.6 2013.06.02-2014.06.29
HALB KS 8 138.7 95.6 153.3 121.1 2013.07.21-2014.06.29
HAMB KS 21 235.0 4.4 2344 2.8 2013.10.15-2014.06.29
HAWB KS 22 113.8 3.5 113.1 3.7 2013.10.25-2014.06.29
HDB KG 19 228.3 11.0 224.1 7.8 2013.06.02-2014.06.29
HSB KG 26 133.8 4.7 132.4 3.8 2013.06.02-2014.06.29
HWCB KS 24 357.6 5.4 357.5 2.7 2013.07.21-2014.06.29
HWSB KG 2 293.1 14.8 293.1 15.6 2013.07.21-2013.08.11
IMWB KS 18 163.9 7.2 164.9 4.9 2013.06.02-2014.06.29
JJB KG 11 240.1 112.8 301.0 84.0 2013.10.15-2014.06.29
JRB KG 23 168.4 8.4 168.9 6.9 2013.07.21-2014.06.29
JSB KG 16 114.7 6.5 117.5 2.7 2013.06.02-2014.06.29
9 169.6 9.1 174.9 4.6 2013.07.21-2014.02.23
KOHB Ks 9 356.5 8.1 357.1 8.9 2014.03.19-2014.06.29
MGB KG 23 4.0 5.3 24 4.3 2013.06.02-2014.06.29
NAWB KS 24 208.8 5.8 207.9 6.9 2013.07.21-2014.06.29
OKCB KS 26 106.5 4.0 106.8 3.1 2013.06.02-2014.06.29
OKEB KS 15 341.8 4.3 341.1 4.1 2013.07.21-2014.06.29
SEHB KS 24 285.1 6.7 286.4 5.6 2013.07.21-2014.06.15
SHHB KS 14 34.4 4.4 35.1 4.6 2013.07.21-2014.06.29
12 357.6 3.8 357.0 3.0 2013.08.31-2014.03.31
SMKB Ks 8 194.6 5.9 193.8 33 2014.04.02-2014.06.29
ULLB KS 15 340.0 294 344.0 12.5 2013.10.25-2014.06.29
YKB KG 30 173.0 13.9 178.8 10.4 2013.06.02-2014.06.29
YNCB KS 29 331.6 215 338.8 6.3 2013.07.21-2014.06.29
YSB KG 19 346.2 6.0 347.5 7.8 2013.06.02-2014.06.29

* KS and KG represent the seismic networks of the Korea Meteorological Administration and the Korea Institute
of Geoscience and Mineral Resources, respectively.
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Table 3. Estimated orientation of borehole accelerometer.
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Station Network Number Average Stgnfiard Median Media}n gbsolute Data period
code of data ©) deviation (°) ®) deviation (°)
BOSB KS 3 296.7 3.7 297.8 2.7 2013.10.15-2013.10.27
3 53 3.5 6.1 3.4 2013.11.25-2013.12.31
DACB KS 4 328.6 6.9 328.8 7.4 2013.10.25-2013.12.08
EMSB KS 4 237.3 6.0 237.6 6.1 2013.07.21-2013.11.09
EURB KS 1 46.1 - 46.1 - 2013.10.25
GAHB KS 4 282.1 1.2 282.0 0.9 2013.07.21-2013.12.08
GOCB KS 5 311.9 6.5 313.4 3.1 2013.10.25-2013.12.08
GSU KG 8 52.1 59 50.0 5.0 2013.07.21-2014.06.29
GWYB KS 1 196.2 - 196.2 - 2013.10.15
HAMB KS 2 218.8 4.9 218.8 5.1 2013.11.25-2013.12.08
HAWB KS 8 212.4 5.5 215.4 1.9 2013.10.25-2013.11.25
HDB KG 11 3.3 9.8 3.9 8.9 2013.07.21-2014.06.29
HSB KG 19 77.6 4.9 76.8 4.4 2013.06.02-2014.06.29
HWCB*  KS 9 349.9 8.8 351.3 8.6 2013.07.21-2013.12.08
HWSB KG 18 5.7 10.4 2.6 6.9 2013.06.02-2014.06.29
IMWB KS 1 167.0 - 167.0 - 2013.07.21
JRB KG 21 208.8 9.9 211.1 8.5 2013.06.02-2014.06.29
JSB KG 19 69.8 8.1 69.6 7.9 2013.06.02-2014.06.29
KMSA KS 3 43.2 7.5 45.2 6.3 2013.10.25-2013.12.08
KUJA KS 1 217.0 - 217.0 - 2013.10.27
MGB KG 13 221.9 8.1 221.0 7.5 2013.06.02-2014.06.29
MIYA KS 2 223.0 2.1 223.0 2.3 2013.07.21-2013.10.27
NAWB KS 1 330.3 - 330.3 - 2013.10.25
OKCB KS 2 349.9 1.1 349.9 1.1 2013.10.25-2013.11.09
OKEB KS 4 234.7 2.7 234.5 2.9 2013.07.21-2013.11.25
PORA* KS 4 268.5 53 267.7 3.9 2013.06.02-2013.10.31
SHHB KS 1 139.1 - 139.1 - 2013.10.25
SMKB KS 6 84.0 7.2 84.7 9.2 2013.07.21-2013.12.31
2 158.5 1.4 158.5 1.5 2013.10.25-2013.10.27
SUCA KS 1 233.1 - 233.1 - 2013.12.08
ULLB KS 3 169.0 11.5 164.2 5.0 2013.10.25-2013.12.08
YAPA* KS 3 67.2 0.8 67.5 0.5 2013.07.21-2013.12.08
YKB KG 18 178.9 4.7 179.8 4.2 2013.06.02-2014.06.29
YNCB KS 7 321.0 6.9 320.9 7.6 2013.07.21-2013.12.21
YSB KG 5 355.2 9.8 351.2 11.0 2013.10.25-2014.06.29

* Accelerometers at these stations were replaced but the changes in their back azimuths lied within in the error range.
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Table 4. Comparison of orientation of borehole velocimeter.

Station Previous  This study Difference
study (°) ©) ©
GSU 217.4 203.3 14.1
HSB 135.7 132.4 3.3
HWSB 301.0 293.1 7.9
JIB 124.2 301.0 -176.8
JRB 166.3 168.9 -2.6
JSB 114.5 117.5 -3.0
MGB 225.8 5.6 220.2
ULLB 350.6 344.0 6.6
YKB 169.0 178.8 -9.8

100° 120° 140° 160°

60°

408 40°

e XC
20 20°

Magnitude

0 0

Fig. 1. Epicenter of earthquakes used in this study.
Dashed circles represent epicentral distances of 10°,
20°, 30°, and 40°, respectively, from a reference loca-
tion of 36°N and 128°E.
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Fig. 2. Seismic noise levels for (a) the reference broad-
band velocimeter installed at the surface, (b) borehole
broadband velocimeter, and (c) borehole accel-
erometer at station HWSB during the period from late
August 2014 to early October 2014. Dashed lines in-
dicate the frequency band of the secondary microseism,
from 0.3 to 0.7 Hz.
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and average of the two components, respectively.
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