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ABSTRACT: A large-scale land excavation at the Gimpo terminal of the Ara waterway could cause the changes
in groundwater level and quality at the surrounding area. The result of the groundwater level’s forecasting using
anumerical model indicates that land excavation and entire draining brought the changes in groundwater level,
flow velocity, and its direction and consequently these hydrologic changes produced the variations in groundwater
quality controlled by an oxidation-reduction environment. When water-filling at the terminal after a construction
completion, groundwater level at the monitoring well becomes recovered in one month, which is similar to the
result of a numerical model. High turbidity at some existing wells is estimated to be originated from both a lot
of fine minerals in the sediments and the increase in groundwater velocity after an excavation. Diverse investigation
and analysis is required before a large-scale excavation to prevent the changes in groundwater hydrology and quality.
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Fig. 1. Location of the Ara Waterway and the Gimpo Terminal.
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Table 1. Condition of excavation and water filling at the Gimpo terminal.

Gimpo terminal

Investigation
datge Land surface Depth to bottom Bottom elevation Surface water level Remarks
(ELm) (m) (ELm) (El.m)
2011.5.16 7.3 10.9 3.6 (=-3.0)"
~ 1)
2011.7.05 7.3 10.9 -3.6 (=-3.0) Water filling in a
2011.9.07 7.3 10.9 -3.6 -3.0 terminal from 20
2012.7.26 73 10.9 3.6 2.7 September 2011
2013.6.24 7.3 10.9 -3.6 2.6
" No water in the Gimpo terminal after excavation
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Fig. 2. Regional geologic map of the Ara Waterway (box:

study area).
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Table 2. Four conditions of groundwater modeling in this study.

Cases Gimpo terminal Irrigation channel Descriptions
A No water Water filling When land excavated
B No water No water When land excavated
C Water filling Water filling After terminal opening
D Water filling No water After terminal opening
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Fig. 4. Grid construction and boundary condition in the model area.



AZE

570 e - g

2 TRl US5SSR £917t
AZeold B Funct ) o] 50 52
W] 20 ute 2 A5t B8l Wt
3t Azejuld 23 olF Alzto] Al ufet
A3re] STt F43) S5t Rl 37
stgou, B8 SR B 2 o2 u
ABe) A Aok B8 FlE 2 Holrk vt
ehA gk itk o= 10 m Zlole] Azeind 2
2] W A3k ST FAT T 5UE
SR BY f5 2auc A5 586 oAk
ggpo] 217] ol

A7) T 49 s} el Bol, 5
§5=0] o] 2 9l 9ol Aze] Ao 3
A (H2, TH3, JHYARE F 1 m olhe] 4]
AsPh st A Q) B2 JHIS
5 m oSl 591 FEE BATE & 5 UrHAY
5(2)). 53-8 zel Eol gl Aol Bol 9
Aeurt 59 Asigel E AL & 5 UeHAT
5(0)). °lh 2 AT FUELRY B 24 £
FE 39 A9 S BRI o) U TS
%] 31 9hE-& Mofzeh wile] dzenlde] Qe

JHIZ 482U &9 A2t daele] gHuld

AR -y -

g
=)

=

x| 0:

—

22| FFOE A9 FUT 9 st vrEhdt

Azevde] 29 9 +2Y +9 59 =
o2 guld 34t o] % Har o] tiet AR/
A& #RBETH I 6). 19 6(a)= TH-ETE
Bo] &} 9l AEA 2 429](3.1 ~ 3.2 ELm)7}
E2 AR Aghe] 52 PEEHEEOR §
=0l e, IH6(b)%t 2ol FHETE £l
79 Q= 7= HZEHTEY ¢ (27 Elm)
Hop #2Y #9|(MS shF= 08 Elm, $5 A7/
+ 1.5 Elm)7} 7] g 2ol 2 aFo 2.9 2|5k
F5ol wAYsHA At

JH1 2|3 9] A g&5Atmet 745 2l 23}
£ vlws) Hd, 29 6(c)ollA H Hie} o] gt
Alg 0.964 24 vl FARHE & 4= Uk ' o1
of 17 go] st 9] Hgo] o] F1%|7] A|
Zsh=d, oF 2.5 ELm7HA] 429} Ad50] &= o
AA AZgho] oS PET thd W2 A2 HE H
g g Fole @7t St WU R 2
g Aol I R Ao s Helrk
5. X5t & H3}

A% 24 AEES BH, JHI A5 50| & A

Groundwater level(m) Groundwater level(m)

60day

3210123

456450
456450

455050
455950

5450

455430
a5

454950
454950

180600 181200 181800 182400 180600 181200 181800

456450

455050

5450

45

454050

182400 180600

(a) Case A (water filling

Groundwater level(m)

90day

L 32101123

Groundwater levels (El.m)

181800

in irrigation channel)

1day Groundwater level(m) 60day

3210123 321010203

456450
456450

455050
455030

S
‘J}ﬁ!!..%
i’

181200 181800

5450
5450

45
45

454050
454050

181200

181800 182400 180600

Groundwater level(mm)

456450

5050

455450

454050

182400 180600

Groundwater level(m)

90day

32101 23

eaaaaaaa

7

g
"

181200 181500

e

Groundwater levels (El.m)

200
Time (day)

300

(b) Case B (no water in irrigation channel)

Fig. 5. Changes in groundwater flow and levels estimated by a numerical model after an excavation of the Gimpo

Terminal.
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Table 3. Result of hydrogeochemical analysis at each well.
Sa;,‘:f_’le (yny;.l;m Tf‘z‘ﬁ’ pH (E\‘,) (usE/Sm) ] "]:“;C/)L) T("h'#fj“)y c¥ Mg® Na© K Fe¥ Mn* Si0, CI SO NOy HCOy F Br NOy  Type
JHI-1 2011-05 17.6 625 -45 851 0.89 24 24.1 319 404 7.6 3403 3.89 816 823 388 1.0 2043 0.06 021 N.D. Ca-HCO;
JH1-2  2011-07 138 625 -27 693 1.18 17 263 279 775 6.0 18.81 3.02 73.8 1004 434 1.0 203.6 023 039 N.D. Ca-Cl
JHI-3 2011-09 152 633 -63 674 2.07 32 21.8 285 475 69 3166 334 772 730 312 0.2 2075 0.00 0.38 N.D. Ca-HCO;
JH1-4  2012-07 16.0 574 -1 817 243 - 41.1 327 69.7 5.5 - - 98 12.8 152 3795 0.05 N.D. N.D. Ca-HCO3
JHI-5 2013-06 163 599 -51 620 3.11 - 227 318 556 9.1 - - - 71.1 277 0.0 2319 0.09 0.18 0.17 Ca-HCOs3
Avg. 158 6.11 -37 731 1.94 24 272 305 581 7.0 28.17 342 775 673 308 3.5 2454 0.09 029 0.17
JH2-1 2011-05 17.1 679 85 533 3.71 16 267 135 282 72 005 0.02 289 305 396 690 713 0.06 N.D. N.D. Ca-(CI+NO3)
JH2-2  2011-07 232 641 53 405 3.73 21 24.1 122 26.1 84 001 0.02 314 269 347 685 57.6 0.05 N.D. ND. Ca-(CI+NO;)
JH2-3 2011-09 21.6 642 226 320 3.49 11 18.3 9.6 215 6.8 0.03 001 314 167 308 51.0 569 0.00 ND. ND. Ca-(CI+NOs)
JH2-4 2012-07 32.7 658 256 339 4.62 - 19.2 9.7 215 64 - - - 209 285 484 675 0.04 N.D. ND. Ca-(CHNOs3)
Avg. 237 6.55 155 399 3.89 16 221 112 243 72 003 0.0l 306 237 334 592 633 0.04 N.D. ND.
JH3-1 2011-05 17.7 643 198 438 3.21 2 224 140 292 32 0.01 0.00 29.6 293 348 849 506 0.07 ND. N.D. Ca-(CHNO;)
JH3-2  2011-07 23.0 631 176 283 249 3 16.2 32 67 20 0.3 004 87 167 150 119 291 0.09 N.D. N.D. Ca-(CI+NOs)
JH3-3 2011-09 23.1 674 312 167 5.95 2 17.4 39 8.3 2.1 0.02 0.00 93 124 137 95 49.7 001 N.D. N.D. Ca-HCO;
Avg. 213 649 229 296 3.88 2 213 99 21.1 27 0.13 001 263 202 26.0 198 907 0.00 N.D. N.D.
JH4-1 2011-05 21.1 6.54 77 446 1.99 2 21.6 99 21.1 27 037 001 257 206 265 212 922 0.00 N.D. N.D. Ca-HCOs3
JH4-2  2011-07 23.0 638 57 428 4.84 3 20.5 98 209 28 0.02 001 265 196 24.1 187 897 0.00 N.D. 224 Ca-HCO3
JH4-3 2011-09 21.8 637 223 312 3.71 1 21.8 101 212 27 0.0l 0.00 268 202 274 196 90.1 0.00 N.D. N.D. Ca-HCOs3
Avg. 22.1 650 180 330 4.07 2 20.2 87 184 26 0.10 001 218 199 239 265 703 0.02 ND. 224
SWI-1  2011-05 17.4 7.02 195 521 6.92 - 14.1 29 96 33 022 006 9.1 134 127 213 367 0.05 N.D. ND. Ca-(CI+NOs)
SWI1-2  2011-07 27.6 7.03 187 596 3.32 5 17.3 29 69 35 004 027 110 83 7.5 56 632 0.17 N.D. N.D. Ca-HCOs
SWI-3  2011-09 253 7.17 178 264 4.69 4 213 40 177 48 003 0.04 83 231 183 127 555 0.03 N.D. 092 Ca-Cl
Avg. 234 7.07 187 460 4.98 5 17.6 33 114 39 0.10 0.12 95 149 128 132 51.8 0.08 N.D. 092
GCI1-2  2011-07 232 6.70 220 760 2.20 - 847 203 322 22 ND. ND. 319 1155 63.0 329 166.6 0.00 020 N.D. Ca-Cl
GC2-2  2011-07 19.3 6.83 201 348 4.10 - 53.7 46 100 07 ND. ND. 310 11.6 150 176 1590 020 0.20 N.D. Ca-HCO;
GC2-4  2012-07 182 6.20 353 276 4.19 - 522 48 99 08 - - - 71.6 299 03 2024 0.05 0.77 N.D. Ca-HCO3
GC3-2  2011-07 19.9 6.85 233 281 4.94 - 22.0 6.6 112 08 N.D. ND. 272 213 23 61.8 419 000 ND. N.D. Ca-(CHNO;)
GC4-2  2011-07 21.1 590 242 246 443 - 158 47 187 27 ND. ND. 158 235 3.0 767 215 0.00 N.D. ND. Ca-(CI+NO;)
GCS5-2  2011-07  22.1 6.17 226 355 4.49 - 32.1 83 157 23 ND. ND. 312 352 155 551 715 0.10 0.10 N.D. Ca-(CI+NOs)
Avg. 20.6 6.44 246 378 4.06 - 434 82 163 1.6 ND. ND. 274 465 21.5 40.7 1105 0.06 032 N.D.
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Table 4. Mineral composition of suspended particles in groundwater at each well.

Date Sample Quartz  Feldspar Mica/lllite Kaolin mineral Smectite Remarks
JH1(5m depth) ++ + - ? -
? -
THI(16m depth) — +++ A A ’ Bulk analysis for
July 2011 JH1(23m depth)  ++++ + ++ ? - random- oriented
JH2 ot ++ ? - sample
JH3 + - ? -
JH1(5m depth) ++ + ++ - - Clay mineral
July 2012 analysis for
JH2 ++ + + + ++ oriented sample
Groundwater level(m) Groundwater level(m)
s - —
& 26 3 34 38 é 22 26 3 34 38 A
N - Estimated value
\ 2 -eﬁ(po .................................... Resve

455950
5950

455450
55450

4

454950
454950

Measured value

Groundwater levels (El.m)

o Correlation coefficient = 0.964

0 10 20 30 0 50 60 70
Time (day)

180600 181200 181‘800 182400 180600 181200

(a) Case C

(b) Case D

181800 182400

(c) Groundwater levels at JH1

Fig. 6. Groundwater flow and levels estimated by a numerical model after water-filling at the Gimpo Terminal.
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Fig. 7. Piper diagrams for water samples.
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(a) XRD analysis for original soil in groundwater
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Fig. 8. XRD patterns for the sample of suspended particles at two wells.
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Fig. 9. Estimation of groundwater flow direction and velocity for the case of water-filling in an irrigation channel
after an excavation of the Gimpo Terminal (box: location of existing wells).
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