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ABSTRACT: Change of groundwater levels before and after Gyeong-ju earthquake is analyzed for 12 monitoring
wells (with 1 hour interval observations) in Gyeong-ju region. The pattern analysis of groundwater level time series
shows that the rising and maintaining features of groundwater levels after the main earthquakes exist at three wells
and the falling and maintaining features exist at one well. The principal component analysis shows that a new
principal component, which signifies an increase of water level, is produced after the earthquake and three wells
have this component features distinctly. Recession curve analysis of groundwater levels also explains that the
increasing characteristics of water levels are fairly reflected at three wells and a pattern change of recession curve
between pre- and post-earthquake occurs at one well. As a result, four groundwater monitoring wells show the
trend of increasing or decreasing of water levels considerably, which are mostly located at the trigger zone of the
Coulomb stress field and affected by the earthquake. More detailed analysis is required for the monitoring wells
to reveal the effect of the earthquake considering a minor change of groundwater level without a rainfall effect.
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Fig. 1. Geologic map of the study area (modified from
Kim et al., 2017) and location of groundwater monitor-
ing wells.
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Table 1. List of groundwater monitoring wells in the study area.

95

Well X-coord Y-coord Dgg;h Di(allqunni;er (ni(/ d) (mI/ d) El(i:\iig()m Remarks

WIB 11449942 1759758.6 70 200 9.926X10° 043 89.09  near stream, agr. field
W2B 11398553 17519624 65 200 5321X10° 239  200.04 valley

W3B 1172493.6 1761001.8 73 150 1.780X 10"  0.05  136.22 valley

W4B  1164812.5 1752342.7 98 150 5.821X10°  5.04 96.80  near stream, agr. field
W5B 11544764 17325494 79 200 9.240%10° - 23.76  near stream, agr. field
W6B  1142547.8 1736341.7 60 200 3.961X10° - 198.56 near stream, agr. field
W7B  1162534.3 1719689.1 70 200 4518%x10™ - 12.32  near stream, agr. field
W8B 11634399 1739456.1 70 200 2.198X107° - 57.80 valley

WO9B  1187306.0 1783552.8 70 200 1.176 X107 - 41.60 slope
WIIB 1158636.7 1794008.5 79 200 1.396X10” - 80.38 agr. field
WI12B 1163438.9 17798857 70 200 5.050X10” - 5.89 agr. field
WI13B 1169019.9 1777568.5 50 200 1.510x10™* - 28.73 slope

Table 2. Classification of time series of groundwater levels after a main earthquake and the average distance to

epicenters.
. Decreasing Average Increasing Decreasing Average
Well Increasing pattern distance to Well distance to
pattern epicenter (km) pattern pattern epicenter (km)
WIB A I 16.9 W7B A I 37.6
W2B B I 18.6 WS8B A I 22.2
W3B AorB Iorll 253 WI9B A I 48.1
W4B B I 18.3 WI11B C I 43.4
WsB A I 24.9 WI12B A Torll 31.9
W6B C I 23.8 WI3B A I 324

Remarks) A: Peak type increase, B: Stair shape increase, C: Slow increase, I: Exponentially decrease, II: slow

decrease.
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Fig. 2. Time series of groundwater levels and rainfall (left: period without earthquake, right: period with earthquake,
line: observed data, bar and right axis: rainfall (mm), dashed: base groundwater level, arrow: a main earthquake).
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Fig. 2. Continued.
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Fig. 3. Scatter plots between rainfall (x axis: mm) and groundwater level (y axis: El.m).
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Table 3. Total variance explained from principal component analysis for groundwater levels before and after

earthquakes.

Extraction sums of squared loadings

Component

Before earthquakes (2014~2015)

After earthquakes (after Sep. 2016)

Total % of variance ~ cumulative % Total % of variance  cumulative %
4.620 41.996 41.996 6.217 51.807 51.807
2.078 18.895 60.891 3.159 26.321 78.128
1.047 9.520 70.411 1.062 8.850 86.978
Sum of haurly sarthauakes
1 |L-’L.L.-.‘-I-'._. e ll_ £l
(a) Before earthquakes (b) After earthquakes

Fig. 4. Classification of time series of groundwater levels using principal component analysis for two cases: before

and after earthquakes.
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Fig. 5. Main components controlling groundwater levels and the location of the monitoring wells before and after

earthquakes.

(a) Before earthquakes

(b) After earthquakes
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(c) Spatial distribution of aftershocks over
the Coulomb stress (by Hong et al., 2017)

Fig. 6. Spatial distribution of two groups of groundwater levels for two cases: before and after earthquakes (a: closed
circle, b: open circle, c: Spatial distribution of aftershocks over the Coulomb stress changes induced by the ML5.1

and 5.8 earthquakes).
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