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ABSTRACT: This study was conducted to identify characteristics of waterlevel fluctuation and recharge due to
rainfall events in a representative urban Wonju city and rural Yanggu county. For these purposes, groundwater
monitoring data were obtained from national groundwater monitoring stations and existing monitoring wells. Using
these data, we have carried out hydrologic time-series analyses and estimated groundwater recharge using watertable
fluctuation method (WTF). According to the results of auto-correlation and cross-correlation analyses, rural groundwater
(Yanggu) showed a relatively shorter time lag and a higher correlation with rainfall than urban groundwater (Wonju).
Consequently, the waterlevel in Yanggu was more sensitive than Wonju with rainfall events. Also, WTF and
modified WTF method yielded mean recharge ratios of 5.6% and 5.1% in Wonju and 16.1% and 17.9% in Yanggu,
respectively. These results indicate that groundwater recharge is more efficient in Yanggu than in Wonju.
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Fig. 1. (a) Topographic map of Wonju, and (b) Goggle map of Yanggu showing the basin boundary and major

mountains. Modified from Lee (2009).
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ATYPAA S & 3l FYE YA AT
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o= =7 129°13'~127°45 0] a1 €] 37°08'~37°3(0
olthad 1). E3 FX2 o2 JUF, 4L 1T
HNEL A7 = g3, P72 Hola gon g&
o ZHBE 224, A, BRL 7Y A4S
|Z3 QITHMLTM and K-water, 2011). |54
FATLH F 52 QG0 A AA A (867 km?)
oF 10% (85 km?)o]l ET3A|qF LFA] A7
(310,00078)2] F 81%(251,000%)7} =419 523
Ao WS Y AU ELE 29789 /km’e]ch
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A% 072 YT 7o) 193.0~416.8 mm, 1189~3
e 77|12 Yot 7 17.5~53.3 mm 9| §l91E
8] 7479} 9717} 2el] TLEETH 1Y 2b; KMA,
2013). A2 A&2] ZEAH419 m)oAHE &S
2 ul-24H981 m), FZ <] 2]2}4H(1,288 m), uiE-AE
(1,042 m) 5-& AA =2 4HAE F45kaL ot i
iz FF oMol A vetue S35
O] YFAIY A HL BAFE}F st ik Bt
L= 349.8 mE Bl A FA Yehe, A&
9] Hd BAEE 17.77°0]tfMLTM and K-water,
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PR B AAL SRS wet Al4Y] F3F
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Fig. 2. Annual and monthly precipitations of Wonju city and Yanggu county for 2001-2010. Data are from KMA

(2013).
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ojth1d 1). &2 AL, A& HZ, FE2
FHA, BELS FAHEANE T3 53te] S
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3ColH, B3l 717t 7125 7H-2 0.016 C 2 U2 A
2lckLee and Han, 2013). 7<=2ke] 7$-200118~2010
Y APFASTFL 1,388.9 mm(2Y 2c)o]H, 7~9
ol AdF V2 YA o] 165.3~390.8
mm, 11¢~392 A7|2 Y48F 7242 13.2~39.9
mm] HHE B TA|Q L5l vlStt S Ho
ZtH(2¥ 2d). E3F Lee and Han (2013)0]] &J3H#
1973\ A74=2F 719 mmol|A] 201090} =1,354.1 mm
21041 mm/yro] Z7MEE2 RYT olat vt
o] tiEol o5E 42 F7ell 710 24
Helle =&4, 494, Wi F ofg shdo] 32
o} Bl Uukx| A £ o}F7 HiE vz
A7 e ejolr] 9] shtHulel, 2|1 BA] = E3)
£ Ao 2 f7eb7] S 281 S wet
AE A47] FHFo0] B3zt (Lee, 2009; Choi and
Lee, 2010).
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Aot A7 SRS AR} 72 W
& olg3te A #AET ARE Tt F7H
TS| A A HES YAsH: 45
HE #=4(2Y 1ag] Myeongryun)7} 1 5FLt0]
o 2 Aol #HZ0] 70 mel dEEA =9
ARE olgtHtt o] BEHHL 4 LT
Well dx=o] glom 239 F7h2 20~56 m, 3
F7HEPEH o] Sl AEEE 1.04x10° cm/sec
o|tHGIMS, 2013). Tk slLte] F7HASlptS e
Gt WA de] WAk E (Y 1b9] Bangsan)
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AETLE 494x10° cm/secO]tHKim et al., 2013).
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Solinst) & o] &3l 1A|7F 7HA o2 X3l 9E &
Bt 7128 Asess 12 RS A A
243 719 RS olgstel 7|gRAS A5}
Ak B 2 A7) MG BETFS URY B
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ol g5tgich

222 NAE A 9 A3l e A
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Alof] &3] o]-&HthChoi and Lee, 2010). & Ao
ARESE A A B g A7 |4 (auto-correlation) g+
=, AHEYUE (spectral density) ¥4 1831 L
2 (cross-correlation) 5 50|t} o| &9 tigt
o| 21} ot A8 Al vy 204 2
= Qlth(e.g., Lee et al., 2001; Lee and Lee, 2002;
Lee et al., 2005; Ha et al., 2006; Choi and Lee,
2010; Jeong et al., 2010).
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A& 7FA 3 itk (Healy and Cook, 2002; Scanlon
etal., 2002; Yun et al., 2009). & AFoA&= T o2
of W ARk Bk 9 A ol A
Sigtarg AW OR Y Aol e dhat )
314 9IS HI(WTF; AJ7HAo] THE 591450 of
O SO MIE(AP) & 59144 28)7} 2} 4ol
HlEe] Bgd F40] ek +AATEANE
H(modified WTF)(Moon et al., 2004)& Z-8-3}%,
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2 A83tth(Lee et al., 2005; Yun et al., 2009).
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Fig. 3. Groundwater monitoring data (2005-2010) from national groundwater monitoring stations including
Myeongryun in Wonju and Bangsan in Yanggu. The data are from GIMS (2013).
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Table 1. Linear regression results of groundwater levels, water temperature and ECs for two National Groundwater

Monitoring Stations (NGMS).

NGMS Water level Water temperature ~ Air temperature EC Annual precipitation
(cm/yr) (Clyr) (Clyr) (uS/cm/yr) (mm/yr)
Myeongryun -4.75 -1.095 +0.292 +1.83 +8.80
Bangsan +3.25 -0.019 +0.183 -37.60 +36.99
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Fig. 4. Water level fluctuation of the monitoring wells: (a) Wonju (WJ) and (b) Yanggu (YG).
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Fig. 5. Auto-correlation and spectral density functions of groundwater level at the two national groundwater monitor-
ing stations (MR: Wonju Myeongryun, BS: Yanggu Bangsan).
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Fig. 7. Relationship between the water level rise and amount of the rainfall event at the two national groundwater

monitoring stations.
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Table 2. Groundwater recharge ratios estimated using WTF method.

Study area Monitoring well AHy (mm) APy (mm) AHy/ APy Recharge ratio (%) Mean (%)
AH; 58 AP 250 2.32 7.0
AH, 27 AP, 195 1.39 42
WJ AH; 23 AP; 220 1.05 3.1 49
AHy 117 APy 445 2.63 7.9
AHs 34 APs 435 0.78 23
AH; 120 AP 525 2.29 6.9
AH, 70 AP, 25.5 2.75 8.2
AHj 50 AP; 260 1.92 5.8
AHy 60 APy 205 2.93 8.8
AHs 110 APs  19.0 5.79 17.4
AHg 70 APs  18.0 3.89 11.7
AH; 50 AP; 200 2.50 7.5
AHs 1020 APg 4495 2.27 6.8
AHyg 590 APy 369.7 1.60 4.8
AHy,p 320 APy 2089 1.53 4.6
AHy, 140 APy 106.5 1.31 3.9
AHi, 30 AP, 212 1.42 4.2
AHys 60 APz 275 2.18 6.5
AHyy 140 APy 935 1.50 4.5
) AHis 1400  APis 9647 1.45 4.4
Wonju
AHie 70 AP 239 2.93 8.8
AHp; o 130 AP, 465 2.80 8.4
Myeongryun AHis 140 AP 8l1.1 1.73 52 6.3
AHp 180 APy 46.0 3.91 11.7
AHy 70 APy 32.0 2.19 6.6
AHy 260 APy 1956 1.33 4.0
AHy,, 880 APy, 5252 1.68 5.0
AHy,s 270 APy 236.6 1.14 34
AHy,y 180 APy 163.0 1.10 33
AHas 70 APys  48.0 1.46 4.4
AHie 30 APy 25.0 1.20 3.6
AHy; 100 APy 430 2.33 7.0
AHag 60 APy 23.0 2.61 7.8
AHa 70 APy 46.6 1.50 4.5
AHs 710  AP3p 3847 1.85 5.5
AHs 200 AP3; 147.0 1.36 4.1
AHs, 110 AP 505 2.18 6.5
AHss 40 AP3; 253 1.58 4.7
AHsag 50 APy 19.0 2.63 7.9

AHss 60 AP35 195 3.08 92
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Table 2. Continued.

Study area Monitoring well AHy (mm) APy (mm) AH/APx Recharge ratio (%) Mean (%)

AHzs 100 APy 679 1.47 44
AHjy 70 APy; 31.0 2.26 6.8
AHsg 50 APy 265 1.89 5.7
AHz 1020  AP3y  579.2 1.76 53
AHyp 180 APy 1480 1.22 3.6
AHg 40 APy 195 2.05 6.2
AHg 90 APy 414 2.17 6.5
AHys 110  APs 306 3.59 10.8

Wonju Myeongryun AHag 80 APy 245 3.27 9.8 6.3
AHys 20 APy 155 1.29 3.9
A Hye 70 APsy 275 2.55 7.6
AHgy o 250 APy 745 3.36 10.1
AHyg 50 APy 27.0 1.85 5.6
AHg 170  APgp 1745 0.97 2.9
AHsp 170  APsp 1869 0.91 2.7
AHs; 550  APs; 3846 1.43 43
AHs, 250 APs, 2481 1.01 3.0
AH, 40 APy 11.0 3.64 18.2
AH, 30 AP, 8.0 3.75 18.8

YG AH; 56 AP; 13.0 4.31 21.5 182
AHy 20 APy 8.0 2.50 12.5
AHs 37 APs 185 2.00 10.0
AHg 130 APs 305 4.26 21.3
AH; 60 APy 275 2.18 10.9
AH, 260 AP, 274.0 0.95 4.7
AH; 710 AP; 2363 3.00 15.0
AHy 100 APy 752 1.33 6.6
AHs 260 APs 927 2.80 14.0
Yanggu AHg 30 APg 19.9 1.51 7.5
AH; 250 AP; 615 4.07 20.3
AHg 370 APy 1419 2.61 13.0

Bangsan AHg 2790 APy  669.0 4.17 20.9 13.9
AHy,y 570 APy, 1214 4.70 23.5
AHy 80 APy 524 1.53 7.6
AHp, 180 AP 1017 1.77 8.8
AHjs 100 AP;3 445 2.25 11.2
AHyi 100 APy 473 2.11 10.6
AH;s 40 APis 20.0 2.00 10.0
AHje 60 AP 378 1.59 7.9

AHypy 40 APz 20.0 2.00 10.0
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Study area Monitoring well AHy (mm) APy (mm) AH/APx Recharge ratio (%) Mean (%)
AHi 200 AP 919 2.18 10.9
AHp 170 AP 689 2.47 12.3
AHa 30 APy 174 1.72 8.6
AH,; 2880 APy 5062 5.69 28.4
AHj 80 APy 883 0.91 4.5
AHy 1200 APy 246.7 4.86 243
AHyy 180 APy 533 3.38 16.9
AHys 50 APy 512 0.98 4.9
AHas 70 APy 42.6 1.64 8.2
AHy; 1550 APy 587.6 2.64 13.2
AHy,s 520 APy 261.6 1.99 9.9
AHy 140 APy  89.6 1.56 7.8
Yanggu Bangsan 13.9
AH;zp 70 APy 29.1 241 12.0
AHjz 70 APy 240 2.92 14.6
AHzp 120 APy 67.0 1.79 9.0
AHzz 760 AP 111.0 6.85 342
AHzs 2420 APy 4769 5.07 254
AHss 650  AP3s 219.7 2.96 14.8
AHsg 80 APy 413 1.94 9.7
AHjy 80 APy; 479 1.67 8.4
AHs 310 AP 98.1 3.16 15.8
AHzy 980 APy 188.1 5.21 26.0
AHy 770 APy 1715 4.49 224
AHy 1590 APy 2707 5.87 29.4
YG) SHARE o|-85}o] |E ZrroHIE(S:E 7} t}(Lee et al., 2005).
5 57 olE)] tfstel 2T ASeREES  BE FPRAC) A9 QIVIF(YO)L 322
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SV dsHl= 0.78~2630 2 ol HAE S-S |3 S HlE 200~4.31 23 Y Astead
Al EoFE2 2.3~7.9% HY 8|1 HA-24.9% 29| 39 10.0~21.5% L H 18.2% 2 FA = At
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Table 3. Groundwater recharge ratios estimated using modified WTF method.

Study area Well ID > H (mm) >.P (mm) >H/2P  Recharge ratio (%) Mean (%)
. Wi 259 155 1.68 5.1
Wonju 5.1
Myeongryun 11,180 6,712 1.67 5.0
YG 313 89 3.52 17.6
Yanggu 17.9
Bangsan 19,510 5,362 3.64 18.2
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