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groundwater level and stream flow rate during 2017 Pohang earthquakes. Journal of the Geological
Society of Korea. v. 54, no. 5, p. 557-566

ABSTRACT: Pohang earthquake (Main shock magnitude = 5.4) occurred in Southeastern region of South Korea
in November 15, 2017. Groundwater levels of 6 monitoring wells with 5 minutes interval measurements located
in that region and stream water levels of 4 stations located along the Hyeongsan-gang stream are used for the analysis
of earthquake induced effects. Four groundwater monitoring wells show a short-term decrease of groundwater
level after a main shock and one well does an increase and the maximum change is about 42.0 cm. Especially,
groundwater levels at two monitoring wells near the epicenter are consistently maintained after a decrease. There
is little relationship between earthquake magnitude or a distance to epicenter and changing amount of groundwater
level and it may be due to the inhomogeneity of geologic material and unconsolidated sediments distribution. The
changes in permeability of fractured zone and groundwater levels occasionally cause changes in stream flow rate,
and water level of the Hyeongsan-gang stream in the study area decreases just after the earthquake and increases
again up to the normal level and next shows an more gentle decreasing slope. Total increasing flow rates at S1
(upstream site) and S4 (downstream site) stations are about 12,096 m’ and 116,640 m’, respectively, during the
increasing period.

Key words: earthquake, groundwater level, stream flow rate

(Myoung-Rak Choi, Ho-Jeong Lee and Gyoo-Bum Kim, Department of Construction Safety and Disaster Prevention,
Daejeon University, Daejeon 34520, Republic of Korea)
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FZ9| A A Ak WFe] Higt A7 ARIE
=, 1989 Elo|¢ke] Chi-Chi A A(M = 7.5)4] &
7ol SJ5h 2| 7ol RbE| o] A=) 7F Al
Ao g 37t B fashs ACR si4d v 3le
o (Wang et al., 2004b), A X A] Z|3}4=9]9] ¥HE ¥
HE EUE 2719 58 ST s Aol bzt A7t
=35 v} It Wang et al., 2015). Wenchuan #] 21
M = 8.0)Alell= F= A9 19774& Aok BS
o2 HH 37kX] &] A|5}9] ¥F -3 (Co-seismic
oscillations, Co-seismic step changes, Gradual post-
seismic changes)©] E74 v} gloH, Yo 2 Y
A2, gA BT 9] ¥F FRe FHeEs
ArAdo] e Ao 2 rlE vl QIeKShi et al., 2015).
20114 Tohoku XA (M = 9.0)A] &F Tt tj=F
Aol A 2|72 A o) ol R[Sk 9 2 HBF
WA= A7 2HE EWE ditE A2 o
=& A% JdeSolA Y Aske #52 28X
2 AABH7] = 8ttt (Orihara ef al., 2014). =] <]
78520161 9 5 AA] 1AZF 2HA 9] 2314
9 BEARE TE3le] A7) o] Fo] hEhd aj
A T 3% 1 54e F71%t HE dck(Kim et al.,
2018).

S, 4714 SH ) ke A7 o gl
g, o= 2| E1o}2] Sespe creekof|A] 2|4 o] % F:
7hel shale] ke A%E Ao o3t 4 W
o] 714 frE&S W2 2N iU 5%
HSEE op7|ste] WAL BiRl vl 1o v (Manga
et al., 2003), thwke] Chi-Chi X Z(M = 7.6)A] 227}
31 49 BE2olA AT o) of 23 Uzte] A
A 4% 270t astgo ol o) 74 S4el
gt A1E =33t v JAch(Liu et al., 2018). EZE,
g 9] Maule AA(M = 8.8)A] 787} 3HH 429 &
ZaolA 11 km’ o0 43 Z717H Ak vl QLo
v ol 54 wigo] ofat 54 S2l A= ¥iso]
o3t Ao 2 FrhE vt ok (Mohr et al., 2012; Mohr
etal., 2017).
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Table 1. List of groundwater monitoring wells in the study area (Revised from Kim et al., 2018).

Well X v Depth Diameter k Elevation .Alluvial . Diver. D_istance to
(m) (mm) (m/d) (EL.Lm) thickness (m) installation epicenter (m)
WIB 390469 260590 70 200 9.926x10°  89.09 10.0 O 38,971
W2B 385149 252390 65 200 5.321x10°  200.04 5.8 O 48,695
W3B 417693 261617 73 150  1.780x10™ 136.22 - x 31,613
W4B 409218 253173 98 150  5.821x10°  96.80 - X 39,698
W5B 399885 232973 79 200 9.240x10°  23.76 9.8 X 61,011
W6B 387811 237194 60 200 3.961x10° 198.56 5.8 X 60,700
W7B 407961 220208 70 200 4.518x10"  12.32 2.8 X 72,587
WS8B 408715 240042 70 200 2.198x10°  57.80 24 O 52,785
WOB 431973 284087 70 200 1.176x10°  41.60 7.1 X 21,663
WIIB 403662 294553 79 200 1.396x10°  82.38 2.5 O 17,941
WI2B 408536 280413 70 200 5.050x10°  5.89 2.5 O 9,808
WI3B 414057 278096 50 200 1.510x10*  28.73 2.6 O 13,355
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Fig. 1. (a) Location of the study area and (b) geologic map.



560

B
08
u

T QEHEH 2). TR BRo] FEAE 2 A
A K)7)of :7HAR) i A9 R3] ws}
S40] U3 SN A et i,

A7 A7 WrIzhe] Aes) WE SHS B
M) e, WIBel A 22(144] 208) 4 25

91 144] 3080} A3H49]0] SPAL A<(F 21.
cm)o] 24 F YA = Eglon, EolsiA
119 169 14X] 0480 752 2.39] 2o 2|344:)
S72H(eF 19.0 cm)o] WAT F BRE Y, ol of
Aol ofste] w$- euker Fejo] Xsiee] Aol
UeRdTH(d 3). W2BE 221 2% 144] 3080] of
42.0 cm®] X|344¢] ZP7E Urepon o]% o7l
Aol SRt 491 Abo] SR F 1895 o
7 el o 2 MatE gict. W7BE 241 9 of o u}
£ 9] wisl} A o) UehiA] esrth. WeBk 3]
25701 144] 30%] oF 7.1 em®] 49 7317} 3%
Hglon], Z4) 325 o]F 16X 4950) (M =
43)9] HFo 2 164] 5050]| oF 2.1 cm2] 429] AM%
o MPAISE A o2 2R E YTk WIIBL £ 25l
144] 3080 ok 17.1 em©] %:7H41Q) A3kdg] 517
o] BEEYon o|F &2 H7 RBelth 16
A] 49E(M = 4.3) o] ZIA] 16A] 505 =7 z}zof
51 £7H& 2 & 35.2 cm @] A<%o| YEdth W13B
A £7HAQ 59 WL Eae gort
A%Els 02 9I5te] oF 7.7 eme] 4:9] 2517}
159 W7k A4 E 9 or o] 5 e ghe 45

W

I o3 3).
3, Wang (2007)2 zt 2 2 HojlA] 2719
oA Y=o thet thF A4S AAIEE HE U

loge= 1.5M— 3.0logr— 4.2

APNOIA, e A WE (o), 162 AR
T2, r& 712 (km)E oJulgie). o] A& Erj2
5230 ol 38 A2& ez 7t BwEA oA
9] oY A] Y&E APFSFATHEE 2). ) AN 2
9] B2 9bAgA] R1oko] 717k W11BE F 8.42 J/m?
o) gh& 2o|3 gle] 272 212 F(—10 i A
E24 ©3 v Zolo] AHgale ozt
A2, near field)of| Zst= A ol 7|& #5 A
A2 9AE A A(far field) FH L2 A F2 A
A=F Holi §lrk. W11BY] XX 2% 2|5hp9]
HE P2 tee] Chi-Chi A -(M=7.5)A] Ho
Q& AP AR FHoA Yepd Rske9] HE
YA} FARE FHFHE R ST Aed ¥
F)= 2ol §lo] A7) oy A] Wi A 9] a4 4
e} -FAFSEHWang and Chia, 2008). =3t Wang
et al. (2004a)7} AAIFE AR HF ] A5es] st
TRl (Type 3: A43H49] 4-9] St S0 24 7
Zlof| oJsto] sp7RE 3 R|<; sp7o] WAYSH= Down-
Down &)} 2 dAjstar gled, 2 Helo] XX
Al A B Y SR Q1% R|sks vl 9

9.0

50
40

30
2018-02-19

9.0

70
6.0
50
40

3.0
2018-02-19

WMain EQ 9.0 1994 Main EQ
80 + 80
865 L 1S
i A 70 199.1 7.0
86.0 60 W 60
50 1988 °
855 o °
40 ¢
Wi1B ® e w2B ® 8
85.0 3.0 1985
2017-09-22 2017-11-11 2017-12:31 20180219 2017-09-22 2017-11-11 2017-12:31
WS wra 90 554 Wi Eq
PO S 80 W 80
55.2 1
100 70 2
6.0 550
95 5.0
° 54.8 =
4.0
w7B ) wss ® o
9.0 30 546
2017-09-22 2017-11-11 2017-12-31 2018-02-19 2017-09-22 2017-11-11 2017-12-31
79.0 A e 90 266 T
—————
770 7.0 26.2 7.0
60
760 260 .
50
750 ° 40 258
wi1s 58 wi3s ®
740

30

256

9.0

6.0
5.0
40

2017-09-22 2017-11-11 2017-12:31

2018-02-19

2017-09-22

2017-11-11

2017-12-31

30
2018-02-19

Fig. 2. Long term time series of groundwater level during Pohang earthquakes (black point: groundwater level,

open circle: earthquakes (> M 3.0), x axis: date (yyyy-mm-dd), y axis: groundwater level (El.m)).
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Fig. 3. (1) Time series of groundwater levels (x axis: time, y axis: water level (El.m)), (2) changes of groundwater
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and (3) earthquakes at 6 monitoring wells from November 15 to 18 (y axis: earthquake magnitude).
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1999) 04 ARS AET o= Jouh, MR AL &
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of shafeye] Wste] ofst Aoz 1 72k 2
% QlEk. 71 Ao SISk ~10° ' o] e o
A oA XS st o] HE E2S AlA
stel B4 FUAPIE Ao A7 it gt
(Coussot, 1995).

2, 2AE AR F9S Hlold A AA
ool 471 FoH) (&9l 3k49) s E
£ g7Ael Wsle) B4 Reltkn A7H vt 9
+=d|(Brodsky et al., 2003; Wang et al., 2009), W1B
W W2BS| Z9] YA oR Fazo] T vl

W1B, W2B, W8B & 37} %
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F7HAQL SEof QJ3te] =447} WSk Sirkal 2]
Hrpks 23 Al wsh 971 A9k 2 g o]
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92,3) Ho| x| gHert
Table 2. Estimaion of energy density corresponding to each earthquake magnitude at groundwater monitoring wells. (unit: J/mr’).
Earthquakes WIB W2B W7B W8B WI11B W13B
5.4 (11/15, 14:29) 0.1342 0.0688 0.0208 0.0540 8.4195 2.3181
3.6 (11/15, 14:32) 0.0003 0.0001 0.0000 0.0001 0.0168 0.0046
3.5 (11/15, 15:09) 0.0002 0.0001 0.0000 0.0001 0.0119 0.0033
4.3 (11/15, 16:49) 0.0029 0.0015 0.0005 0.0012 0.1374 0.0476
3.6 (11/16, 09:02) 0.0002 0.0001 0.00004 0.0001 0.0112 0.0045
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Fig. 4. Relationship between earthquake magnitude and changes in groundwater levels ((1) 11/15, 14:29, (2) 11/15, 14:32, (3)
11/15,15:09, (4) 11/15, 16:49, (5) 11/16, 09:02, (6) 11/19, 23:45, (7) 11/20, 06:05, (8) 12/25, 16:19, (9) 2018/02/11, 05:03).
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Fig. 5. Change in groundwater levels corresponding to earthquake magnitude.
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Fig. 6. Time series of stream water levels (x axis: time (hourly data), y axis: height (m)).
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566 Z[Hak. 0|F

2} 9l 77} a2 7o) k.
2Atel 2

2 d9s FELTRVL 9% S EnFst
71X 8 dolA g Al3eE 2018 HEwE 7%
ATAFE S At A A (AR 18CTAP-C129727-
02)°f| sl =3 = A5t

REFERENCES

Brodsky, E.E., Roeloffs, E., Woodcock, D., Gall, 1. and
Manga, M., 2003, A mechanism for sustained ground-
water pressure changes induced by distant earthquakes.
Journal of Geophysical Research, 108, 2390, doi:10.1029/
2002JB002321.

Chen, C.H., Wang, C.H., Wen, S., Yeh, TK., Lin, C.H., Liu,
J.Y., Yen, H.Y., Lin, C., Rau, R.J. and Lin, T.W., 2013,
Anomalous frequency characteristics of groundwater
level before major earthquakes in Taiwan. Hydrology
and Earth System Sciences, 17, 1693-1703.

Chen, J. and Wang, C.Y., 2009, Rising springs along the
Silk Road. Geology, 37,243-246, doi:10.1130/ G25472A.1.

Coussot, P., 1995, Structural similarity and transition from
Newtonian to non-Newtonian behavior for clay-water
suspensions. Physical Review Letters, 74,3971-3974.

Kim, G.B., Choi, M.R., Lee, C.J., Shin, S.H. and Kim, H.J.,
2018, Characteristics of spatio-temporal distribution of
groundwater level’s change after 2016 Gyeong-ju
earthquake. Journal of the Geological Society of Korea,
54(1), 93-105 (in Korean with English abstract).

KIGAM (Korea Institute of Geoscience and Mineral
Resources), 2018, Earthquake in the South-eastern
Region of Korean Peninsula. KIGAM, Daejeon, 56 p.

Lai, W.C., Hsu, K.C., Shieh, C.L., Lee, Y.P., Chung K.C.,
Koizumi, N. and Matsumoto, N., 2010, Evaluation of
the effects of ground shaking and static volumetric
strain change on earthquake-related groundwater level
changes in Taiwan. Earth Planets Space, 62, 391-400.

Liu, C.-Y,, Chia, Y., Chuang, P-Y., Wang, C.-Y., Ge, S. and
Teng, M.-H., 2018, Streamflow changes in the vicinity
of seismogenic fault after the 1999 Chi-Chi earthquake.
Pure and Applied Geophysics, 175, 2425-2434, DOI
10.1007/s00024- 017-1670-3

Manga, M., Brodsky, E.E. and Boone, M., 2003, Response of
stream to multiple earthquakes. Geophysical Research
Letters, 30(5), 18-1-18-4.

Mohr, C.H., Manga, M., Wang, C.-Y. and Korup, O., 2017,
Regional changes in streamflow after a megathrust
earthquake. Earth and Planetary Science Letters, 458,
418-428, http://dx.doi.org/10.1016/j.epsl.2016.11.013.

Mohr, C.H., Montgomery, D.R., Huber, A., Bronstert, A.
and Iroumé, A., 2012, Streamflow response in small up-
land catchments in the Chilean coastal range to the MW

8.8 Maule earthquake on 27 February 2010. Journal of
Geophysical Research, 117, F02032, doi:10.1029/2011
JF002138.

Orihara, Y., Kamogawa, M. and Nagao, T., 2014, Preseismic
changes of the level and temperature of confinced
groundwater related to the 2011 Tohoku earthquake.
Scientific Reports, 4, doi:10.1038/srep06907.

Rojstaczer, S., Wolf, S. and Michel, R., 1995, Permeability
enhancement in the shallow crust as a cause of earth-
quake-induced hydrological changes. Nature, 373, 237-239.

Shi, Z., Wang, G., Manga, M. and Wang, C.Y., 2015,
Continental-scale water-level response to a large earthquake.
Geofluids, 15, 310-320.

Wang, C.Y., 2007, Liquefaction beyond the near field.
Seismological Research Letters, 78, 512-517.

Wang, C.Y., Cheng, L.H., Chin, C.V. and Yu, S.B., 2001,
Coseismic hydrologic response of an alluvial fan to the
1999 Chi-Chi earthquake, Taiwan. Geology, 29, 831-834.

Wang, C.Y. and Chia, Y., 2008, Mechanism of water level
changes during earthquakes: near field versus inter-
mediate field. Geophysical Research Letters, 35, L12402,
doi:10.1029/2008GL034227.

Wang, C.Y., Chia, Y., Wang, O.L. and Dreger, D., 2009,
Role of S waves and Love waves in coseismic perme-
ability enhancement. Geophysical Research Letters,
36, L.09404, doi:10.1029/2009GL037330.

Wang, C.Y. and Manga, M., 2014, Earthquakes and Water,
Encyclopedia of Complexity and Systems Science.
Springer Science + Business Media New York 2014,
DOI 10.1007/978-3-642-27737-5_606-1.

Wang, C.Y. and Manga, M., 2015, New streams and springs
after the 2014 M6.0 South Napa earthquake. Nature
Communications, 6, 7597, doi: 10.1038/ncomms8597.

Wang, C.Y., Wang, C.H. and Kuo, C.H., 2004a, Temporal
change in groundwater level following the 1999 (Mw=7.5)
Chi-Chi earthquake (1999), Taiwan. Geofluids, 4, 210-220.

Wang, C.Y., Wang, C.H. and Manga, M., 2004b, Coseismic
release of water from mountains: evidence from the 1999
(Mw=7.5) Chi-Chi earthquake. Geology, 32, 769-772.

Wang, S.J., Hsu, K.C., Lai, W.C. and Wang, C.L., 2015,
Estimating the extent of stress influence by using earth-
quake triggering groundwater level variations in Taiwan.
Journal of Asian Earth Sciences, 111, 373-383.

Wiesner, M., 1999, Morphology of particle deposits.
Journal of Environmental Engineering, 125, 1124-1132.

Yan, R., Woith, H. and Wang, R., 2014, Groundwater level
changes induced by the 2011 Tohoku earthquake in
China mainland. Geophysical Journal International,
199(1), 533-548.

Yan, R., Woith, H., Wang, R. and Zhang, Y., 2016, Earth’s
free oscillations excited by the 2011 Tohoku Mw 9.0
earhtquake detected with a groundwater level array in
mainland China. Geohpysical Journal International,
206(3), 1457-1466.

Received : August 17, 2018
Revised : October 2018
Accepted : October 2018

~

i

o0

5>



	2017 포항 지진시 단기간 지하수위 변동 및 하천 유량 변화 특성
	요약
	ABSTRACT
	1. 서언
	2. 연구 지역
	3. 관측 현황
	4. 지하수위 변동 특성
	5. 하천 유량 변화의 가능성
	6. 토론 및 결언
	REFERENCES


