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Eun-Jee Cha, Seung-Hyun Lee and Gyoo-Bum Kim, 2015, Changes in shallow groundwater levels and hydro-
chemistry according to depositional environment, river water level and groundwater pumping in the
riversides. Journal of the Geological Society of Korea. v. 51, no. 1, p. 67-80

ABSTRACT: Two small basins (lower area “A” and upper area “B”), which are located in the Sincheon-Baekcheon
watershed, show differences in the changing pattern of shallow groundwater levels and quality due to a various
depositional environment and aquifer hydraulic features, after damming at the barrage in the Nakdong river.
Groundwater levels in the zone “A” show a remarkable and sharp fall when groundwater pumping because of a
fine-grained sediment composition with a low permeability. This closed-type basin does not facilitate groundwater
discharge into the river during keeping high level and therefore shallow groundwater levels should be maintained.
Increased contents of anion in groundwater after damming also indicates the inflow or mixture of surface water
in this zone. However, the zone “B” shows shallow groundwater levels and small fluctuation due to coarser deposits,
and little change in groundwater quality despite of damming. This indicates that groundwater levels and quality
in the riversides are influenced by the basin shape, sediment composition and groundwater pumping condition
due to an interaction between river water and groundwater.

Key words: River water level, Groundwater, Depositional environment, Pumping

(Eun-Jee Cha, Seung-Hyun Lee and Gyoo-Bum Kim, K-water Institute, Korea Water Resources Corporation,
Daejeon 305-730, Republic of Korea)
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Fig. 1. Location of the study area.
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Table 1. Number of water level measurements and water sampling sites.

No. of groundwater level measurements sites  No. of water quality =~ No. of groundwater ~ No. of surface
Manual Automatic measurements at the sites sampling water sampling

56 6 52 11 (8)" 6(5)

Remark) * means the number of 1% sampling, June 2011.
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Fig. 2. Location of groundwater level measurements.
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Fig. 3. Location of groundwater sampling.
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Table 2. Characteristics of land use, topography, hydrology, soil, and geology for two sedimentary basins.

Watershed Zone A Zone B
Topography ~ Closed bgsin - Semi-ppen basin
- Flood plain type - Alluvial fan type
Land use of - Greenhouse: > 90% - Greenhouse: > 90%
basin - Other: < 10% - Other: < 10%
- The Nakdong river and two streams (Shincheon, - Only Shincheon stream flows along the southern
Baekcheon streams) surround the area and  boundary
Hydrology meets at the eastern closed end - The northern boundary is mountainous area
- No small weir along the Backcheon stream and - Two small weirs are along the Shincheon
one small weir along the Shincheon stream stream
- Soil texture: mainly silt loam, loam and sandy
loam
- Soil texture: mainly silt loam - Subsoil texture: mainly fine silt and coarse
Soil - Subsoil texture: mainly fine silt loam
- Effective soil depth: mostly 100 cm - Effective soil depth: mostly 100 cm, partly
- Soil drainage: moderately well drained 20~50 cm (upper basin)
- Soil drainage: very poorly drained (upper
basin) ~ moderately well drained (lower basin)
- Alluvial deposit thickness: 5~25 m - Alluvial deposit thickness: 2~10 m
- Average: 17.7 m - Average: 4.7 m
- St. Dev.: 4.6 m -St. Dev.: 24 m
Geology

than basin B)

- Stream sediments: mostly clay to sand (finer -

Average hydraulic conductivity: 4.41x10°m/s -

Stream sediments: mostly silty sand to gravel
(coarser than basin A, diameter < 10 cm)
Average hydraulic conductivity: 4.45x10” m/s

H)ofl 24 AAI= At

WY Aol 2 B3HE F2(T), Fh0lLEE
(pH) 2 A7) A=E(EC), §&4(DO), AHatehd
Z19J(ORP)9]| tfste] Horiba pH meter (D-25, D-54)
£ ol-&sto] =l on, A= AR
Moz AgolN 2Rt Fole W Lol e &
A fgte] AEEA A SHLEE o851
045 um ©J3t2 ojsto] R{ES AATAH,
o] F oFole B ARE $7IHET B4 0leE
o] Aot 871 W 2= 7] S8 w84 &
7¥ete] pHE 2 o3t2 F-A5t3ch AHHE A EE
1TR 328 §Ast] AYAR 2ste] IC (0]
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URAEY BA7) 2 ol 27} ol £ BASIAT,

=2 T 1
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2 3R SHA )T 4R
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EARA G357 £579 34 4= = X Fo 3l
o 57 52 A4S Btk B AH2 Y54
EFololZ o] 9lom A1Hg uet o 5H EHEo]
o= AR EAZS Zeth AR EF B B,
A A %2 Silty loamo] F& o]f1 B XYL Silty
loam W A] Sandy loam7}R] theFst F+A44-& 2=t}
A X9 2] 87} A5 ARE B8 A3, 5350 Bt
EA7}17.7 m, BZ2HR}F 4.6 mo]H, B X HL 307
O N FARE EA% AY H FA7FAT m, BF
AR 24 m2A|, A A F] FHS FA7LHH R
E74& Ho|tHKRC, 1991, 1996a, 1996b; K-water,
2009). 3+ 9 1 FHo|| A 9] FAFo] AL XA
Aol ARE A of cmof] o]2& F2 ALRE A
HH O AEA7IA] 42 X EGS Ho|u, A
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AE Y] JEZ} B2t ok 7AW 4
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Table 3. Comparison of groundwater levels before and after water-filling event.

Wells Before( valllzﬁle)ra-)ﬁlhng After(v};itlgclr)-bg'lllmg le?l:lrsnce Remarks

W-1 24.60 25.65 0.95 I:)eriods:

W-2 16.20 17.68 1.48 N ggllggll:ggllgggg

W-3 17.99 18.83 0.84 L e
Average Nakdong river levels:

W-4 15.01 14.23 -0.78 ¥16.21 ELm, ” 19.59 ELm

W-3 13.32 17.43 411 ot 012011930,
2012.9.1.~2012.9.28.

W-6 15.96 17.54 1.58 Average Nakdong river levels:

915.18 EL.m, ¥ 19.59 EL.m

Table 4. Changes in cross-correlation coefficient and lag time between groundwater level and river water level before
and after water-filling at the barrage.

Before water-filling After water-filling

Wells Cross-correlation coefficient Lag time (days) Cross-correlation coefficient Lag time (days)
W-2 0.549 7 0.222 27
W-5 0.678 6 0.195 2
W-6 0.478 8 -0.258 0
20 — 20
18 * 18;
T 16 E 16 ]
E 14— E 14*-
o 12 v 12
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i W |
e mm %E
& 4 & 4]
0 0 — — ‘
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Date (yyyy-mm)

(a) Zone A
Fig. 5. Changes in groundwater levels for two zones.
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Table 5. Result of geochemical analysis for groundwater and surface water samples.

2+ 2+

+ 2.

Content  Zone Site Ca Mg Na' K HCO;5 cr Ny NO;
2011 2012 Diff. 2011 2012 Diff. 2011 2012 Diff. 2011 2012 Diff. 2011 2012 Diff. 2011 2012 Diff. 2011 2012 Diff. 2011 2012 Diff.
GIA-9 638 549 -89 113 103 -1.0 17.1 139 -32 18 12 -0623502438 88 117 123 06 7.0 72 02 02 01 -0.
GIA-11 613 43.7-17.6 133 117 -1.6 154 144 -10 12 1.1 -0.1273.0 203.1 -69.9 1.1 11.6 05 65 37 28 08 01 -0.7
Zone A GIA-14 99.7 29.9 26.6 25 552.7 6.9 9.8 0.1
GIA-24 1050 94.6 -104 29.5 257 -38 265 266 0.1 18 16 -024590 4674 84 12.0 203 83 107 21.8 111 03 02 -0.
Average 767 732 -3.5 180 194 14 197 204 07 16 16 0032233668 444 116 128 12 81 106 26 04 01 -03
GIB-6 580 39.3-188 163 113 -50 145 106 -39 0.7 63 5625602233 -327 112 151 39 02 14 12 02 01 -0.1
sz‘:‘;d GIB-9 79.0 65.0 -140 17.0 161 0.9 160 148 -12 15 150 13.5259.0 304.6 456 323 292 -3.1 252 138-114 0.1 02 0.1
GIB-10 50.8 145 10.2 0.8 182.8 23.1 127 16.0
GIB-22 435 520 85 119 142 23 143 158 15 18 19 0115502353 803 166 20.1 3.5 269 414 145 0.1 02 0.1
ZoneB TS iB27 958 766 -192 187 105 82 106 76 30 11 27 162060 1722 338 270 160 -1.0 30.6 25.2 2411001015 -52
GIB-29 493 743 250 18.6 180 -0.6 32.0 163 -157 1.1 09 -0.2234.0 2032 -308 263 41.0 147 23.1 254 23 155 240 85
GIB-31 32.6 10.1 13.5 8.8 101.7 253 30.7 02
Average 65.1 57.1 -8.0 165 13.5 -3.0 17.5 127 -48 12 52 4022202033 -18.7 227 243 1.6 212 219 07 252 204 -48
Backcheon GJS-1 148 167 19 57 39 -18 192 82-110 30 27 -03 553 644 9.1 250 88-162 200 181 20 60 7.0 1.0
Sincheon GIS-2 247 154 93 67 32 -35 17 66 -51 34 26 -08 983 598 -385 144 69 -7.5 207 133 74 19 65 46
Sincheon GIS-3 320 17.6-144 63 3.6 27 121 66 -55 30 23 0.7 960 756-204 128 63 -65 184 119 65 18 49 3.1
s::;crc Sincheon ~ GIS-4 185 185 38 38 70 7.0 22 22 70.3 70.3 67 6.7 123 123 52 52
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