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This study tests the potential of detecting small-magnitude earthquakes (~M3.0) and their precursors using a
long-term groundwater-monitoring database. In groundwater records from April to June 2012, abnormal changes in
water level, temperature, and electrical conductivity were identified in the bedrock monitoring wells of the Gim-
cheon-Jijwa, Gangjin-Seongjeon, and Gongju-Jeongan stations. These anomalies could be attributed to the M3.1
earthquake that occurred in the Youngdeok area on May 30th, although no linear relationship was found between
the scale of changes and the distance between each monitoring station and the epicenter, which is attributed in part
to the wide screen design of the monitoring wells. Groundwater monitoring networks designed specifically for
monitoring earthquake impacts could provide better information on the safety of underground space and on the
security of emergency water-resources in earthquake disaster areas.
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King et al., 1999, 2000; Ohno et al., 1999, 2006;
Itaba et al., 2008)%} S=-(Che and Yu, 1992; Che et
al, 1994, 2002; Liu et al., 2009; Wang et al, 2009),
Th¥H(Chia et al, 2001; Huang et al, 2004), w|=
(Brodsky et al., 2003), $1%(Chadha et al, 2008) 5
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Manga 2010y ¢ 2] (far field)2} 5712 (intermediate
fieldpll A epte 2ol A8k wsS 5714 ¥
H(cyclic deformation)a} A2 FF & F(oscillatory
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al., 2002; Cho and Park, 2008; Yoon et al., 2013,
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7]% &9ch(Lee et al, 2011; Lee and Woo, 2012).
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3} QlF sk, (11) FERGM 2] FEE, (12) APA
HiEld Bo] AFFEE FAL ol#g Wl 29 F
oAlA (1)~@), (11), (12) 5 A= HF2] 54 v
F%5 Aol 2 FFE vFth (5)~6), (9)~(10)
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Fo|HR Akge] AP 7Hgsiitt. Yot #=At
Fo| wEo] AFAgn|eh A o] Izt o]gk Zlo] o}
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Abolo] AAAAZ AFITHKing et al., 1999; Bakun
et al., 2005; Ramana et al., 2007; Skelton et al.,
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Table 1. Site information of the selected groundwater monitoring stations.

Monlt.ormg Latitude Longitude EleV&lthil Bedrock Monitoring 9epths
station (m amsl’) (m bgs’)
Gimcheon-Jijwa 36.12° 128.15° 91.03 Granodiorite 20
Gangjin-Seongjeon 34.69° 126.71° 54.88 Gneissic granite 20
Gongju-Jeongan 36.54° 127.12° 34.41 Granitic gneiss 20

*“amsl” and “bgs” denote above mean sea level and below ground surface, respectively.
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o] AT FI3IA AE 2012 49~62 717kl T
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(Table 2).
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Table 2. Earthquakes (> M2.5) that occurred in and near the Korean Peninsula and in the far-field (> M7.0) during April-

June 2012.

Time (Seoul) Magnitude | Latitude (°) | Longitude (°) Location of epicenter
2012-06-23 16:42 2.6 36.70 128.31 NE 17 km, Mungyeong-si, Gyeongbuk
2012-06-19 20:55 3.1 33.48 125.93 NW 30 km Offshore, Kosan, Jeju-si
2012-06-01 12:05 2.6 37.12 125.96 WSW 20 km Offshore, Ongjin-gun, Incheon
2012-05-30 2:48 3.1 36.57 129.57 NE 25 km Offshore, Yeongdeok-gun, Gyeongbuk

Korea | 2012-05-16 17:50 2.7 36.23 128.49 W 8 km, Gunwi-gun, Gyeongbuk

inland | 2012-05-15 11:05 29 35.92 129.62 ESE 25 km Offshore, Pohang-si, Gyeongbuk
2012-05-11 12:46 39 36.02 127.71 ENE 5 km, Muju-gun, Jeonbuk
2012-05-02 1:33 34 33.69 126.04 NNW 46km, Offshore, Kosan, Jeju-si
2012-04-20 21:11 3.1 3343 127.26 E 36 km Offshore, Sungsan, Seogwipo-si
2012-04-17 13:31 2.6 35.72 126.51 W 20 km Offshore, Buan-gun, Jeonbuk
2012-04-12 16:15 7.0 28.696 -113.104 | BAJA California, Mexico

(S):air 2012-04-11 19:43 8.2 0.802 92463 | Off west coast of northern Sumatra
2012-04-11 17:38 8.6 2.327 93.063 Off west coast of northern Sumatra
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Fig. 1. Monitoring data from Gimcheon-Jijwa station during April-June 2012: (a) water-level, (b) electrical conductivity.
(Dotted circles and quadrangle indicate abnormal changes and the impact of maintenance, respectively).
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Fig. 2. Monitoring data from Gangjin-Seongjeon station during April-June 2012: (a) water-level, (b) temperature, (c)
electrical conductivity. (Dotted circle indicates the abnormal change).
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Fig. 3. Monitoring data from Gongju-Jeongan station during April-June 2012: (a) water-level, (b) temperature. (Dotted
circle indicates the abnormal change).
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Table 3. Radius of influence of earthquake events during April-June 2012 and distances to the groundwater monitoring

stations.

>M2.5 (Korea inland) >M7.0 (Overseas)
Magnitude 26 | 31 | 34 | 39 | 29 | 27 | 31 | 26 | 31 | 26 | 86 | 82 7
eEjgll;quake Apr 17| Apr 20 | May 2 |May 11|May 15(May 16(May 30| Jun1 |Jun 19 |Jun23 | Apr 11 | Apr 11| Apr 12
JGij"‘;‘;heO“ 154 | 309 | 331 | 41 | 135 | 33 | 137 | 225 | 356 | 66 | 5,193 | 5366 | 10,401
Gangjin 116 | 149 | 127 | 173 | 298 | 235 | 333 | 278 | 152 | 266 | 4,993 | 5,165 | 10,603
Seongjeon
Gongju 106 | 345 | 331 | 78 | 235 | 128 | 220 | 122 | 356 | 108 | 5,150 | 5324 | 10,442
Jeongan
Radius of
influence 1% | 13 2 | 29 | 48 18 4 | 2 13 2 13 | 4989 | 3357 | 1,023
(km)
Radius of
influence 2* | 15 2% | 36 | 62 | 21 16 | 26 15 26 15 |11,169| 7,178 | 1,905

(km)

* Radius of influence 1 and 2 were calculated using the methods proposed by Dobrovolsky et al. (1979) and Wang and Manga
(2012), respectively.
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Table 4. Comparison of normal daily variation with abrupt changes in water-level and electrical conductivity of groundwater

at the monitoring stations.

o Water-level Electric conductivity
Monitoring - - Distance?
station Normal daily Abrupt Normal daily Abrupt stance
variation change' variation change
Gimcheon-Jijwa +0.03 m/day 022 m +5 puS/cm 80 puS/cm 137 km
Gangjin-Seongjeon + 0.2 m/day 2.5m 333 km
Gongju-Jeongan + 0.02 m/day 0.6 m +5 uS/ecm 40 puS/cm 220 km

lindicates variations resulting from the earthquake that occurred in the Yeongdeok area on May 30th.
Zdenotes the distance from each monitoring station to the epicenter of the Yeongdeok earthquake.
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