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Abstract

Time series analysis was performed on data from 2009 to 2018 from the Chuncheon groundwater obser-
vation network to understand the characteristics of groundwater level fluctuations in the network.
There are five observatories, all of which are installed in rock aquifers, and periodic inspections and
management are performed by the relevant operating organization. Auto-correlation, spectral density,

and cross-correlation analysis was performed.

Keywords: groundwater observation network, groundwater level, time series analysis, Chuncheon

=2 =2
@ OPEN ACCESS ==
2 A= ARE E A - 24 2 Askr ST Akl M-5-5-42 olslistr] 918l 2009
*Corresponding author: Yu-Chul Park - - -
E-mail: parkyc@kangwon.ac ks oM 201819714 7] B BT 25159 Aol eislo] AABRA L AAISHAL. s =
. & 57MAas BT RSl A2 Eof QloH, sl & Fﬁoﬂfﬂ 712191 A g7t o] Foi7]
Received: 13 June, 2022
Revised: 27 June, 2022 L7102 wotglct AR AT, AslEd 103 AT BAS 50
Accepted: 28 June, 2022 _
asict

(© 2022 The Korean Society of Engineering
Geoloey Z20f: Asl4-p2, Aal9), A 14, 24
This is an Open Access article
o distributed under the terms of
the Creative Commons Attri-
bution Non-Commercial License (http://creative-
commons.org/licenses/by-nc/4.0/) which permits
unrestricted non-commercial use, distribution, and

reproduction in any medium, provided the original
work is properly cited.



F| T 2|2 d3lo]] ot ke &2 wfjof] 7hgo] A1EEHA] X|st=2] Fa/do] =] AL QiTk. o2t X[sk=2] o] &
= &4 052 §A5H7| floliA Alotr9] B 2 2|5k Rkl TRt A7b =il e A 0 2 S| g E| 1l Qlrh(Lee
and Lee, 2002; Ha et al., 2006). Z[5k9] HE A= =0] o 5ol et et RS Algd & = il 528 84
B e ol F= 4 Esol tigt olofiet ARl E Foll At eE a4 0 2 g 4 Qlow tipFof 7ol Al =
2o AE| A0 gk HEE Al Bk ofy et AJoko] 9ok, 2 3 iEg ol U= e HofET(Lee
and Lee, 2000; Lee et al., 2004). 0|23t Z|o}4=¢] W5 A 7= A|or-i=-2 SallA 47 &5 4= ok

Suehs IeEA 2 BERE] w271k tE T, Ak iE, Alskrdd- 854, AR sk
TAZAZY, - AFISY, sEA ok HEY, HEAESAY, 281 5 71s0] HEERE Aok itEe

Ol

=, = 2 22
A7)+ 2511 ek, ol ABIATZ S Aok oS Aol WAlakaL 71917100 HhAIsh] $1h Tl A
o 7|2 ARE AT 5 44 She} e] Suo) Fac 4TS Gk

b B Aol 2 £ ofe] 5] £ ?
dslel 9452108 24 4RE FAL R AT
SHAZ Tjetel i T,

72/
FAAE U] GAUF] SIBHL glow], SO FH0 R Bl SR, A%l slht, el 1
B4r SEIVH AR R BEAR

Legend
[J Chuncheon City

Cenozoi Quaternary Alluvium
£N0zoIC Period

—Uncomformity—

Cretaccous N Dike
Period

Era

------ trusion--——
I Two-mica granite

mesozoic Biotite—granite

Era # Gabbro

Diorite

Old igneous rock
Schists

. Gubongsan formation
Proterozoic

- Precambrian  [[] Jangragsan Quartzite

~——-Uncomformity----
Banded Gneiss
W7 Migmatitic gneiss

10 km 1 Garnet granite gneist

Fig. 1. Geological map of the study area modified from KIGAM (2021).
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Fig. 2. Location of the observatories.
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Table 1. Observatory details

Observatory Ins(t;iz[)l on D(Tﬁ;h E(‘E}Ijtllgl Coordinate
Chuncheon-Buksan 2003 70 218.42 127°53'31", 38°01'40"
Chuncheon-Sindong 2003 70 211.24 127°40'43", 37°48'17"

Chuncheon-Udu 1995 70 77.53 127°44'30", 37°54'07"
Chuncheon-1 2007 60 85.50 127°44'10", 37°54'65"
Chuncheon-2 2007 60 76.80 127°41'36", 37°54'08"

Table 2. Annual water level statistics for the Chuncheon-Buksan observatory

Year n Mean Max. Min. Median Std.dev. Kurtosis Skew.

2009 363 2133 214.0 213.1 2133 0.11 18.78 3.30

2010 365 213.1 214.2 213.0 213.1 0.14 18.49 3.34

2011 362 2133 214.5 213.0 213.3 0.21 5.82 1.59

2012 365 213.2 213.8 213.1 213.2 0.09 3.00 1.24

2013 363 213.2 2144 213.1 213.2 0.16 16.54 3.54

2014 362 213.1 2134 212.9 213.1 0.05 1.26 -0.06

2015 364 213.1 213.6 212.8 213.1 0.07 5.63 0.92

2016 364 213.1 2143 212.9 213.1 0.11 41.69 4.55

2017 363 213.1 214.0 212.8 213.1 0.16 9.75 2.05

2018 363 212.9 213.8 212.8 2129 0.11 14.42 2.73

Sum 3,634 2132 214.5 212.8 213.1 0.16 9.14 1.72




Table 3. Annual water level statistics for the Chuncheon-Sindong observatory

Year n Mean Max. Min. Median Std.dev. Kurtosis Skew.
2009 365 205.3 206.2 204.8 205.2 0.28 0.46 0.76
2010 365 205.4 206.0 205.0 205.4 0.25 -1.18 0.07
2011 365 205.2 206.1 204.9 205.2 0.24 0.38 0.95
2012 366 205.3 205.9 204.8 205.3 0.24 -0.46 0.26
2013 365 205.3 206.1 205.0 205.2 0.16 4.23 1.35
2014 365 205.2 205.9 204.9 205.1 0.16 1.75 1.05
2015 365 205.1 205.8 204.7 205.1 0.21 -0.24 0.60
2016 366 205.3 206.1 204.8 205.2 0.22 0.58 0.81
2017 365 205.1 205.9 204.8 205.1 0.23 0.04 0.78
2018 365 205.2 205.9 204.6 205.2 0.27 -0.25 -0.19
Sum 3,652 205.2 206.2 204.6 205.2 0.24 0.26 0.56
Table 4. Annual water level statistics for the Chuncheon-Udu observatory
Year n Mean Max. Min. Median Std.dev. Kurtosis Skew.
2009 365 71.2 72.2 70.7 71.2 0.34 -0.06 0.60
2010 365 71.2 72.3 70.8 71.0 0.33 2.04 1.58
2011 365 71.2 73.5 70.7 70.9 0.62 2.66 1.76
2012 366 71.0 71.4 70.7 71.0 0.23 -1.23 0.15
2013 365 71.1 72.3 70.7 71.0 0.35 2.65 1.66
2014 365 70.9 71.3 70.7 70.9 0.16 -0.99 0.45
2015 365 70.9 712 70.6 70.9 0.14 -0.64 0.15
2016 366 70.9 71.4 70.5 70.9 0.18 0.09 0.30
2017 365 70.9 71.5 70.5 70.9 0.21 -0.38 0.32
2018 365 70.8 71.3 70.6 70.8 0.16 0.99 1.14
Sum 3,652 71.0 73.5 70.5 70.9 0.33 9.99 2.46
Table 5. Annual water level statistics for the Chuncheon-1 observatory
Year n Mean Max. Min. Median Std.dev. Kurtosis Skew.
2009 365 80.7 83.8 78.7 80.7 1.46 -1.48 0.11
2010 365 80.5 83.6 78.6 80.5 1.47 -1.44 0.10
2011 365 80.6 84.0 78.3 80.3 1.63 -1.30 0.26
2012 366 80.2 82.5 78.0 80.4 1.42 -1.58 -0.15
2013 365 80.3 83.4 78.7 80.1 1.32 -1.05 0.45
2014 365 79.7 81.4 71.9 80.0 1.19 -1.66 -0.20
2015 365 79.5 81.5 71.3 80.0 1.36 -1.42 -0.43
2016 366 79.7 82.5 77.6 80.0 1.34 -1.36 -0.17
2017 365 79.6 82.1 77.3 80.1 1.47 -1.47 -0.15
2018 365 79.4 81.8 77.0 79.8 1.39 -1.44 -0.33
Sum 3,652 80.0 84.0 77.0 80.2 1.48 -0.88 0.05




Table 6. Annual water level statistics for the Chuncheon-2 observatory

Year n Mean Max. Min. Median Std.dev. Kurtosis Skew.
2009 365 73.7 74.4 73.0 73.7 0.30 -0.95 0.41
2010 361 73.7 75.0 733 73.7 0.40 0.30 0.90
2011 114 73.6 74.0 73.2 73.6 0.20 -0.90 0.30
2012 366 73.5 74.0 72.6 73.5 0.32 -1.04 -0.30
2013 365 73.7 74.5 72.8 73.7 0.33 0.04 0.52
2014 365 73.3 74.3 72.6 73.4 0.18 2.75 -1.22
2015 365 73.1 73.7 72.5 73.1 0.22 0.59 0.33
2016 366 73.5 74.1 72.6 73.5 0.28 -0.54 0.00
2017 365 73.5 74.3 72.4 73.4 0.36 -0.14 0.07
2018 365 73.5 74.2 72.8 73.7 0.33 -0.78 -0.77
Sum 3,397 73.5 75.0 72.4 73.5 0.35 0.20 0.27
Table 7. Rainfall data for the Chuncheon area from the Meteorological Administration
Year n Mean Max. Std.dev. Kurtosis Skew.
2009 365 4.0 200.5 18.86 74.59 8.13
2010 365 4.3 195.0 1533 73.83 7.38
2011 365 5.6 262.5 21.18 74.10 7.61
2012 366 3.6 92.0 12.27 26.82 4.95
2013 365 4.8 140.0 15.47 33.26 5.27
2014 365 1.9 95.8 7.54 89.36 8.42
2015 365 2.1 58.6 6.28 28.77 4.76
2016 366 3.6 241.6 16.23 132.16 10.05
2017 365 33 1243 12.70 44.94 6.22
2018 365 3.8 170.7 14.71 55.70 6.57
Sum 3,652 3.7 262.5 14.74 94.44 8.27
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Table 8. Decrease in water level at each observatory

Observatory Reduce/10 year (m)
Chuncheon-Buksan -0.275
Chuncheon-Sindong -0.164

Chuncheon-Udu -0.360

Chuncheon-1 -1.196

Chuncheon-2 -0.274
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Table 9. Time lags, regulation times and delay times for water level at the observatories

Time la; Regulation time Dela

Observatory oy " oy (o
Chuncheon-Buksan 132 3,633 1.0
Chuncheon-Sindong 70 3,651 1.0
Chuncheon-Udu 75 365 8.0
Chuncheon-1 97 78 8.0
Chuncheon-2 133 87 10.0
Rainfall 65 361 Input
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