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Abstract

In order to study the earthquake precursor in the Korean peninsula, long-term variations of chemical
composition, radon-222, and water level were measured at depths (-60 m, -100 m) in the groundwater
monitoring wells of the Daejeon and the Cheongwon area. The pH and electrical conductivity of
groundwater in the monitoring wells showed some relationship with the Pohang earthquake. The
HCO5 and CI' concentration of groundwater in the Daejeon and Mg®*, CI" and NOj3™ in the Cheongwon
showed some relation with the Pohang earthquake. However, it is not distinct to find the relationship
between their variation and earthquake. The radon-222 concentration in Daejeon was observed a
significant increase from a minimum of 162 Bg/L prior to the earthquake to 573 Bg/L right after the
earthquake, that indicating a strong correlation with earthquakes. In the case of groundwater levels, it
can not find some correlation between earthquakes and continuous decreasing trend in the monitoring
wells of Daejeon and Cheongwon area. However, water level of a national groundwater observation
well within 10 kilometers of Pohang epicenter was recorded as an abrupt drop right before the
a OPEN ACCESS earthquake. Conclusively, although the location of monitoring wells is more than 180 kilometers apart

from the epicenter of the Pohang earthquake, the radon gas in groundwater can be considered as a
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among hydrochemicals showed some correlation with earthquake should be monitored during a
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AF2016'd 99 129 B0l A 75 5.89] 2[710],2017d 118 15Q Tl A= 15 5.49] 2| Rlo] AAYsIGIT. 1
2018 29 28U7kx] 972]9] ofxlo] AP AT, 2018'H 29 11 o= 2ol 4] 11 4.62] o Xl o] 'UAYSIGITY. o] 2}
2 & O AR 0 = Qlsto] HRIE9] waliet ERFo] wolR|al Qi) o]ef o] fht: X1 o T AR1w} ke
2171 A7 el tigt At= =17 F 2] T At w2oprt = Sink £5], 21X 7ol et R eh Ay Al7]
of| Tzt el &2 X ol A A 0 2 P& 7h- o FAl|o]tt,

=Ujof| A RS2} ghIgh 21717 2 QIAfof| tit k&= t7]of AlskrU] AFA7 | He] B0 A B A5
O = RuE st} T2 9 9] 2]71 WAL= oF0] FA AV AIAIREHE QLo H(Kim et al., 2003), Yol A LAY 5
9.0 (MD)&] Z|xleo] -2]uiet Z]sl=-9lofl v X]= Fake Aol e A e e oF T Ao} 2]51-9] Halete] A4
2 AlXsFtHJeon et al., 2011). Jeong and Senapathi (2016)+= =7 }X|olk BT =xtim H3lel A2 71ke] At
TAIE AASHATE Lee et al. (2017)-2 AIGA] R AIS-E ffall =12] o] PEAIE T 2 =] 21X elE A-R9] A4
FE AN HUlell A 28511 Qli= 2[5k A7 | ST TSARE o[- 85te] 1 3.0 L] o] AR e H A
o7 =2 AqtE 2] ot gk 9 A% Mz g oJg 22 Aok, 42, A7 L o] HRlete] A&
SR It Woo et al., 2015).

TEu A2, Tigh S Q1 ofdRE, B7], vl 5 =] AFARIE B AR 0] A xR R A Z[5l-9]9] ¥,
2= ko] -t of 2} 2ot afeb o] ¥R, = RAMY] arE el eAao] ¥Rt AE T BVt fEFO W
3o} 150] T EA 29U 0] WS} AT 5 TR 2ol A A7t RlfE] o] 2] 710] H 2 g o] A gt 2] 719.0]
H3lof| thgt AGAME AJAIRE HE Q1K Cartigny et al., 2001; Kuo et al., 2006; Skelton et al., 2014; Tsunomori and
Tanaka, 2014; Ye el al., 2015; Sano et al., 2016; Fu et al., 2017; Goto et al., 2017).

55| T2 7 EHE FRA G A H AP HAE SHoE BEAA 1,278714-5 A X]5H31 2 H(Huang
etal., 2017), AA|ZFO.2 =531 QITH(Che et al., 2002; Huang et al., 2004; Liu et al., 2009).
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2HES] Gl AISAAIE 5-2 Jeong et al. (2011,2013)0] 13l B} 5,05 AJo}4-0] ST} 2k gleo] 8 A
o= dHF.

o] o P52 B A Ak firkgojddols-Auiell Y16k, AlFH k= -121 mO|thFig. 1b). A5
Fo| F/gEof| ofeh YA SHA WA AlEE Bmepleto] =8 ofdolH, B2 0 = Wiz 2] o] Ho|w, o
7S SlthJeong et al., 2013). YA BEA2 FHELE Aot F-81 Zite] 12-292]of YR]5hH, AlF
A 2J5}-120 molEhFig. 1o). A1Z20lo]] gt AUER S Altfule] 5-emwelst ol Telet Frebr| shysiz)
o, SRebtero] 2Rl = Tdskal QltkJeong et al., 2011).
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Fig. 1. Map showing the epicenters of earthquake(a), and location of monitoring wells in the geologic map of the Daejeon
(b) and Cheongwon (c) area. 1, 2 and 3 in map A are the epicenters of Gyeongju earthquake (Sept. 12, 2016), Pohang
earthquake (Nov. 15, 2017) and Pohang aftershock (Feb. 11, 2018), respectively.
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2142 ZHHTE 5 0.45 um HEE|(cellulose nitrate membrane filter)2} -5 HIE 0]-83] Z|5l=0f| £Afsk= o245
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AL717HE2017A 1€ 159 TR F(M 5.4), 20181 29 4 242 7(M 2.8), 2018 22 11 X5} o] Z(M 4.6)
S0] 2@ 2| Hlo] WASIHLOP], XAt @ASEEA 2R, 50 IR, SHESLA, Aslig] 5o wsleto] Al e
EAsi9ch

3 Y AlRo| Hst

ATFA D] T4 -60 m, -100 m Ao G717 5 F 1821E|ol AA Aok Algol| theh 4ol F 1, Atk
AR, A7, A S S okt

ol =7 A]5H=0] pHO] H3k=2017'3 59 25U T AR A AR 7.45, 7.580] 9101 o] ¢ 2|44 07 Z

A
TVoh= ARRS Kot A X A 13 2 8.04, 8.13714] 27151 & A2 g0]$.7.24, 7.70 0.2 ZFz Lrop oo
o] thA] F7tok= A At 12fuh SH2M 2.4) WA Alofle 2 BISHS Holz] oot 20181 28 11 29
XA pH+= oKt Aol= 743k B 3Ith(Fig. 2a).

48 574 Aletro] pHe ‘?ie}% S A A= ﬁEﬂgi 7}7}5.93, 5. 9901 oL} olF A|&A 0 & Zrlsls 7

=4
77}11 *7}°P EV} EW Haohe 43RS Holal, S 327} of 7l HAYA] 2 HBkE HolA] AISITh(Fig. 2¢).
AAR Y 2]5lpolA] A7 A= TE A2 GA] AR 340, 330 pS/cmollA] 0]F 2|&2] 0 2 2712 Holn| 23}
X718 o oY= 425, 463 pSlem7tR] F7ohe 519 0 M o] F ThA] Zhashe e Holw, e} of 74 ozt Z7ts)
= AT Helt(Fig. 2d).
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Fig. 2. Long-term variations of the pH and electrical conductivity of gorundwater samples collected from monitoring wells
inthe Daejeon (a, ¢) and Cheongwon area (b, d).
gishdEo| Hat
ATA U] I 5.40] ZAK] WY A50) A= gl 77 SR E(Ca”, Na', Mg, K, HCOy,, CI, SO,™ NO5)
A3} Tables 17} 201 210, FHASIF-S Figs. 32} 40f AAGHATT
i =54 Alslre] FR0l2 AAwF Fol2 G2 ARIe] Ado] F3IsHA] edgton S0l At % CIret
SO ollA HsE Helow ClI -2 Zgx|xle] W] oF 3719 A A& 36.5, 37.7 mg/LE AP LAY o2
30.8, 29.6 mg/LE A4S 0% THA] F7}ol= e HolH(Fig. 3¢), SO,” A2 A7 oF 3714 A A
40.1, 40.3 mg/L2 |7 A 0]5.30.9, 34.4 mg/L=2 A5t thA] 3lE6k= 43S R THFig. 3d).
Table 1. Geochemical compositions of groundwater samples collected from a monitoring well of the (Unit: mg/L)
Daejeon area.
Sample  Sampling date ~ Sampling 2 + + + + . . 2 i . . EN
M, K" S* F H I F
D. (Y/M/D) depth (m) a g Na S e Si HCO;y SO~ CI' NOs %)
DJ2-01 17/05/25 59.6 1.67 16.7 125 0.63 025 11.6 124 363 309 037 153 1.63
DIJ2-02 17/08/22 525 132 157 1.04 058 006 10.8 111 40.1 365 042 1.72 -4.75
DJ2-08 17/11/16 60 595 137 160 1.14 054 0.09 114 159 309 308 0.78 129 -4.89
DJ2-09 17/11/26 60.6 1.61 177 1.61 0.62 040 114 127 31.7 284 025 1.16 4.75
DJ2-10 17/12/12 67.7 211 21.5 249 0.70 0.15 13.7 148 345 324 057 126 4.81
DJ3-01 17/05/25 56.7 212 177 197 058 0.11 637 127 31.0 315 028 145 1.70
DJ3-02 17/08/22 50.1 1.26 153 1.00 0.59 0.02 10.8 95.0 403 37.7 054 177 -3.89
DJ3-08 17/11/16 100 61.7 165 17.6 2.09 0.59 0.11 105 128 344 296 038 124 047
DJ3-09 17/11/26 629 1.65 17.7 141 063 032 122 134 319 281 026 1.16 4.65
DIJ3-10 17/12/12 679 237 259 1.68 0.66 0.16 119 152 334 374 0.15 128 4.87
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Table 2. Geochemical compositions of groundwater samples collected from a monitoring well of the (Unit : mg/L)
Cheongwon area.

Sample Sampling date ~ Sampling 2 2 N N N . . 2 i . .. EN
D. (Y/M/D) depth (m) Ca®* Mg* Na* K' sP Fe Si HCOs SO~ CI' NOsy F %)
CW2-01 17/05/25 374 141 21.6 4.14 028 0.18 13.8 124 252 329 237 0.15 248
CW2-02 17/08/23 583 109 243 323 024 0.02 11.7 192 289 343 27.0 0.27 -2.17
CW2-08 17/11/14 60 534 598 229 2.9 0.17 005 790 180 204 13.7 1.09 0.89 4.92
CW2-09 17/11/26 31.7 122 203 4.06 022 005 123 119 219 277 232 0.11 0.07
CW2-10 17/12/12 37.8 145 243 4.65 027 0.07 152 139 21.8 258 250 0.09 4.77
CW3-01 17/05/25 373 141 21.7 449 028 0.03 13.8 119 251 332 248 0.14 3.34
CW3-02 17/08/23 342 139 238 440 0.27 0.03 122 122 323 387 363 0.14 -429
CW3-08 17/11/14 100 45.6 113 251 418 023 0.06 109 151 235 257 188 036 4.67
CW3-09 17/11/26 36.8 143 239 462 026 0.07 14.1 130 219 282 242 0.11 494
CW3-10 17/12/12 386 142 248 472 027 0.07 148 142 215 253 243 0.10 4.99
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Fig. 3. Variations of chemical composition of groundwater samples collected from the Daejeon monitoring well (DJ) during
sampling period.
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Fig. 4. Variations of chemical composition of groundwater samples collected from the Cheongwon monitoring well (CW)
during sampling period.

2ol A& 5 CI' T, NOs 352 Alefeh L 2] 52 2] 71ake] FEsigh A& Hol x| ghghom, O w2 23}
A Flo] dhAl517] 370 A A 34.3, 38.7 mg/LolA] AR Y ]38 13.7, 25.7 mg/L=2 A4Sl o] % Z7tel=
kS HO|T(Fig. 4d), NO; AR 2at2 7o) Whslr] 3709 2 A= 27.0, 363 me/LolA EFA7 A o] %

8.8 mg/L=Z 740l o] ¢ F7 o= A3S H Ath(Fig. 41).
o2} Z-2 TR} XWOﬂ Ot FRIRIA| -t A AR FFRIA ol oA = @A ] A=Rte 2= g2
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A BEFO] 2|5} ST = AT 127-636 Bg/L, 107~617 Bg/LO] =2 ef=bs S Helrh gles il 7=
AZ A A= 231, 137 Bo/LOlA 2321720174 1€ 152)3H 015 636, 573 By/L& 37| Z7F6H= A8kS Ko
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Table 3. Radon-222 content of groundwater samples collected from the monitoring wells.

Sample Depth Sampling Date ~ Rn-222 Sample Depth Sampling Date Rn-222
ID (m) (Y/M/D) (Bg/L) ID (m) (Y/M/D) (Bq/L)
DJ2-01 17/05/25 231 CW2-01 17/05/25 50.7
DJ2-02 17/08/22 369 CW2-02 17/08/23 58.5
DJ2-03 17/09/05 249 CW2-03 17/09/05 21.8
DJ2-04 17/09/28 127 CW2-04 17/09/28 36.3
DJ2-05 17/10/12 195 CW2-05 17/10/12 314
DJ2-06 17/10/23 209 CW2-06 17/10/23 43.7
DJ2-07 17/11/03 352 CW2-07 17/11/03 385
DJ2-09 % 17/11/26 636 CW2-09 % 17/11/26 68.0
DJ2-10 17/12/12 635 CW2-10 17/12/12 67.0
DJ2-11 17/12/22 331 CW2-11 17/12/22 322
DJ2-12 18/01/08 368 CW2-12 18/01/08 385
DJ2-13 18/02/01 368 CW2-13 18/02/01 28.5
DI2-14 18/02/05 324 CWwW2-14 18/02/05 329
DJ2-15 18/02/11 407 CW2-15 18/02/11 55.9
DJ3-01 17/05/25 137 CWs3-01 17/05/25 29.6
DJ3-02 17/08/22 617 CW3-02 17/08/23 18.9
DJ3-03 17/09/05 154 CW3-03 17/09/05 23.7
DJ3-04 17/09/28 165 CW3-04 17/09/28 385
DJ3-05 17/10/12 107 CW3-05 17/10/12 352
DJ3-06 17/10/23 199 CW3-06 17/10/23 374
DJ3-07 100 17/11/03 162 CW3-07 100 17/11/03 414
DJ3-09 17/11/26 573 CW3-09 17/11/26 65.0
DJ3-10 17/12/12 314 CWs3-10 17/12/12 64.0
DJ3-11 17/12/22 239 CW3-11 17/12/22 292
DJ3-12 18/01/08 368 CW3-12 18/01/08 20.3
DJ3-13 18/02/01 368 CWs3-13 18/02/01 22,6
DJ3-14 18/02/05 324 CWs3-14 18/02/05 422
DJ3-15 18/02/11 407 CW3-15 18/02/11 81.0

d& HofFglth

ol ==l 9] 2=t A ke] A A7t Aot A & HRlt E MHR|XI 2= TS Bl
St Igarashi(1995)2] AL ATE HH 1993 1195E 1995 39 714] 2H=20] s of teh A7 | 8= AhmollA] 19944
119 G7HA] €F 60 Bg/L2 1371 3810] S7HE B 3.0H, o] 9 2F250 Bg/L2 SA%57F Holth 1995 2 115 7.2
O] arH|z]zlo| s ] 7 Q1 19 109 20 Bg/L= HASHA AAshe HISEE Hojirt. ehite 5l S=Ri] ] o] 2|7
AR = o} 2= A s g A9 BYE RS S0l A4 AH(Kim et al., 2003) Al 5-& & of gl=e] ¥
Sl AAZE AARA =2 75 dE HojEr

ALY 0 = IRt e=T kA 0] e WIS T0| k= A F71R] Hare o] ofshH HAA 0 & °F80% =7t 57t
SHH, 2F20% A= dashs 2 o= AelA] Qi o]ef o] g7 k0] S et e AHEg-2 o] WSt ofgh F7tet



A2 HZQIRZA RIS 2HE U Bfabio| 42K o

800 ~ =
Daejeon b o 3
J——60m '; b t : :
—8— 100 m =5 z! 2=
2= gu! 5 =
0 g5 2! &g
sz &% c=
ey = S =
o5 - g2 P
= 7 ] 21 ]
2 s g £
E (- _z | b=
& 400 4 S
~1 I
~l I
)
g .
I
200 - |
|
_________________________________ £ ST e
. I
I
|
p 1 20170525 20170905 _ 20170002 _ 2017.11.0 2017.12.12 _ 2018.01.08 :
- r  r°r r°r T T T T T T T T T
1 2 3 4 5 6 7 8 9 m 1 12 13 14
Frequency
200 — =
Cheongwon n =
1—4—6m = '-:
—@— 10 m = =
160 g s
i Z
____________________________ L B s
- MCL{US EPA) _— -
-~ = =
3 F “
= 120 - ] E
& £ £
a - £ <
1 & e
iy 2 =
& 80 £ b5
=4 : &
7 3
40 4
1
- I
]
2017.0525  2017.09.05 20171012 2017.11.03 20171212 2018.01.08 I
0 T T T T T T T T T L R | T

1 2 3 4 5 6 7 8 9 1w 112 13 14
Frequency

Fig. 5. Long-term variations of Rn-222 level in groundwater samples collected from the monitoring wells.
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Fig. 6. Long—term variations of water level of the monitoring wells in the Daejeon and the Cheongwon area(a) and Pohang
area(b) before and after Pohang earthquake.
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