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Understanding the Groundwater System through the Long-term Monitoring
- a case Study of Gwangneung Headwater Catchment

Jae Min Lee - Nam C. Woo*
Dept. of Earth System Sciences, Yonsei University

ABSTRACT

Effects of climate change on groundwater system requires understanding the groundwater system in temporal and spatial
scales through the long-term monitoring. In this study, the spatio-temporal variations of groundwater were analyzed
through the continuous observation of water level, electrical conductivity (EC) and water temperature with automatic data-
loggers and sampling in a Gwangneung catchment, Korea, for the four years from 2008 to 2011. Groundwater monitoring
were performed at the nest-type wells, MW1 and MW2, located in upsteam and downstream of the catchment,
respectively. During the survey period, both the total amount of annual precipitation and the frequency of concentrated
rainfall have increased resulting in the elevation of runoff. Water level of MW1 showed no significant fluctuations even
during the rainy season, indicating the confined groundwater system. In contrast, that of MW2 showed clear seasonal
changes, indicating the unconfined system. The lag-time of temperature at both wells ranged from one to three months
depending on the screened depths. Results of chemical analyses indicated that major water compositions were maintained
constantly, except for the EC decreases due to the dilution effect. Values of the stable-isotope ratios for oxygen and
deuterium were higher at MW2 than MW, implying the confined system at the upstream area could be locally developed.
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Fig. 1. Location of the study area: (a) Han river basin, (b) Bongsusa and Toegyewon watersheds, (c) A headwater catchment (22 ha) and
geologic boundary of the Gwangneung catchment (200 ha) (modified by Kim et al., 2006).
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Fig. 2. Information on the study area and nest-type monitoring wells: (a) Topographic map and boundary of the Gwangneung catchment,

(b) Schematic diagram of the nest-type wells.
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Fig. 3. Water-level trends and precipitation of (a) MW1 (b) MW2
in the Gwnagneung catchment.
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Fig. 4. Plots of 8'%0 and 8D from groundwater with depths and rainfall in the Gwangneung catchment from Oct 2010 to Sep 2011.

Table 1. The amount of annual and monthly precipitation

2008 2009 2010 2011
Jan 6.7 11.2 252 6.3
Feb 6.5 40.7 46.7 29.1
Mar 443 58.7 81.1 6.5
Apr 36.3 69.5 61.1 95.9
May 89.6 115.7 1122 132.8
Jun 1552 124.6 269.1 383.1
Jul 725.6 476.6 324.4 1223.5
Aug 233.1 448.3 512.6 272.7
Sep 123.3 24.0 432.5 324
Oct 37.1 78.3 28.4 35.6
Nov 239 68.8 16.8 854
Dec 34.6 19.7 29.4 -
Annual Precip. 1516.2 1536.1 1939.5 2303.3

* Data obtained from the meteorological observation station in
Dongducheon
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Table 2. Chemical composition of water samples from MW1 and MW2

Temp. EC K

Mar, 2011 °C) (Sfem) pH Br Cl NO; SO, HCO; (mg/L) Mg Na Ca
MWla 7.8 553 8.7 BDL 2.9 BDL 473 243 1.6 6.9 101.2 6.1
MWI1b 7.2 1356 8.5 BDL 9.0 BDL 509.5 205 8.3 66.9 139.1 34.9
MWlc 6.6 782 8.3 BDL 3.6 BDL 167.3 222 4.5 27.1 89.0 22.7
MW2a 8.0 195 8.3 BDL 33 BDL 43 175 1.3 2.3 69.7 6.4
MW2b 6.9 532 9.2 BDL 4.0 BDL 2.3 274 0.8 0.9 111.3 22
MW2¢ 6.9 463 7.8 BDL 34 BDL 8.9 276 4.6 104 429 31.1
May, 2011
MWla 16.1 495 8.4 BDL 4.1 BDL 51.0 218 4.8 14.1 82.1 6.8
MW1b 15.5 1211 8.1 BDL 9.1 BDL 466.5 204 11.9 101.1 118.9 33.7
MWlc 749 7.5 BDL 13.0 BDL 163.8 216 7.7 495 774 233
MW2a 14.4 456 8.7 BDL 5.5 2.5 6.4 187 4.0 3.7 63.1 4.8
MW2b 13.2 505 8.8 BDL 6.4 BDL 5.3 270 38 1.9 92.5 22
MW2c 13.7 435 7.4 BDL 4.0 BDL 21.8 266 7.0 20.2 33.6 31.8
Jul, 2011
MWla 19.7 451 9.3 BDL 39 BDL 249 230 44 12.5 72.4 6.1
MW1b 21.2 1217 8.9 BDL 8.4 BDL 458.1 205 11.3 974 113.8 32.0
MWlc 214 682 8.3 BDL 5.7 BDL 154.6 224 72 46.9 713 222
MW2a 154 151 8.8 BDL 4.0 BDL 114 73 39 5.6 15.9 10.4
MW2b 16.9 475 8.9 BDL 6.2 BDL 54 277 3.9 1.9 91.1 2.3
MW2c 17.1 412 7.8 BDL 3.7 BDL 15.9 273 6.8 19.9 33.0 31.5
Sep, 2011
MWla 19.1 459 9.0 BDL 9.3 BDL 423 237 5.0 5.7 58.1 4.5
MW1b 20.9 1222 8.5 BDL 17.7 BDL 4427 208 7.5 64.3 84.6 34.8
MWlc 20.5 702 8.3 BDL 9.2 BDL 173.0 224 5.5 27.5 53.7 259
MW2a 17.9 161 8.2 BDL 73 BDL 13.8 70 3.5 1.6 8.0 123
MW2b 18.7 499 8.9 BDL 9.1 BDL 5.8 276 3.5 BDL 64.6 0.2
MW2c 18.5 433 8.0 BDL 8.2 BDL 30.9 260 5.1 11.0 244 337
Nov, 2011
MWla 123 521 8.8 BDL 2.3 BDL 412 241 3.0 8.8 97.9 7.5
MW1b 10.1 1226 8.5 BDL 4.9 BDL 415.6 214 8.2 90.6 138.3 58.1
MWlc 113 725 8.3 BDL 5.6 1.3 149.6 223 4.0 37.6 922 38.7
MW2a 12.8 170 7.8 BDL 2.3 0.5 11.0 81 0.1 4.1 10.5 204
MW2b 12.0 521 8.8 BDL 5.4 BDL 4.7 283 BDL 0.9 114.5 2.9
MW2c 123 467 7.8 BDL 3.1 0.3 22.6 267 3.8 14.8 48.1 60.4
(anions; mg/L, cations; mg/L., BDL; Below Detection Level)
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Table 3. §'30 and 8D data of MW1 and MW?2 in Gwangneung catchment (unit : %o)
Oct, 2010 Nov, 2010 Mar, 2011 Jul, 2011 Sep, 2011
5'%0 8D 5'%0 8D 5'%0 8D 5'%0 8D 3'%0 8D
MWla -9.99 -73.9 -10.00 -74.1 -9.92 -71.4 -10.16 -71.5 -10.12 -70.1
MW1b -9.97 -73.9 -10.03 -73.8 -9.42 -66.0 -10.10 -70.9 -10.17 -71.0
MWlc -10.01 -74.5 -10.00 -74.3 -9.94 -70.5 -10.21 -71.5 -10.22 -71.6
MW2a -9.60 -70.4 -9.54 -69.9 -9.76 -69.0 -8.59 -57.4 -8.68 -58.7
MW2b -9.73 -12.2 -9.80 -72.6 -10.10 -71.4 -9.70 -65.7 -9.95 -69.5
MW2c -8.77 -63.5 -8.81 -63.1 -8.85 -61.0 -8.98 -61.0 -8.94 -60.9
20 40 20 i)
30 L b 30
J f i ‘ f
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Fig. 5. Changes of groundwater temperature and air temperature in MW1 and MW2.
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