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Analysis of Effects of Railway Tunnel Excavation on Water Levels of a National
Groundwater Monitoring Station in Mokpo, Korea
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are essentially required for the surrounding area.
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r Abstract Effects of railway tunnel excavation on water level at a national groundwater monitoring station in Mokpo
were evaluated by field investigation and numerical groundwater modeling. The water level at the station has
experienced a decline of about 5 m within 1 year since July 2002. From the field investigation, it was concluded
that decrease of precipitation or increase of groundwater use was not reason for the decline. The Mokpo tunnel
of new Honam railway, 70 m apart from the national station, appeared most plausible cause and a period of the
tunnel excavation generally well matches up that of the drawdown. To quantify the effects of the tunneling on
the water level, a groundwater flow modeling was performed. Especially, a most probable conceptual model was
optimized through multiple preliminary simulations of various scenarios because there were few hydrogeological
data available for the study area. The optimized model was finally used for the quantification. Based on the field
investigation and the numerical simulations, it was concluded that the tunnel excavation was one of the most probable
reasons for the substantial water level decline but further hydrogeologic investigation and continuous monitoring

KeyWords National groundwater monitoring stations, Groundwater modeling, Tunnel excavation, Groundwater level,
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Fig. 2. Water level variation measured at the studied ground-
water monitoring station. Values of annual
precipitation are also shown in the middle of the
figure
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Table 1. Summary of groundwater use wells around the national groundwater monitoring station (YD: yongdang-dong, SJ:
sanjung-dong).

Installation . Planned pumping rate . a

Add U 1 d

ddress sage (yy/mm) Well depth (m) Well radius (mm) (m3 day) Distance” (m)

YD 1189-1 Living 91/12 100 200 30 107
YD 1193-8 Living 91/11 30 200 50 146
YD 1194-1 Living 92/03 50 200 50 217
YD 845 Living 94/05 250 200 100 289
YD 841-5 Living 91/02 100 200 50 340
YD 970-6 Living 87/05 75 40 30 369
8J 270-1 Living 85/01 60 200 30 372
YD 1197-3 Living 96/01 70 50 30 406
S 274-25 Living 94/05 250 200 100 457
SJ 264-1 Living 02/12 100 150 100 481
SJ 264-1 Living 03/07 135 200 250 498
SJ 327-4 Living 91/11 149 200 280 651
YD 937-1 Living 92/03 120 200 30 751
YD 982-65 Living 99/01 100 ’ 150 80 776
YD 113-12 Living 95/09 100 200 70 939
YD 1087-3 Living - 63 200 30 1,041
YD 1128-6 Living 93/08 80 200 80 1,087
YD 1103-13 Living 05/02 100 150 90 1,109
YD 1143-1 Living 94/07 ) 40 32 20 1,278
YD 1061 Living 03/11 30 50 29 1,627

"Radial distance from the monitoring station.

Table 2. Summary of abandoned groundwater wells around the national groundwater monitoring station (YD: yongdang-dong,
SJ: sanjung-dong).

Address Irz;t;/lrl:rt;zn Well depth (m) Well radius (mm) A(bye;r;:l::;d Reason (problem) Distance® (m)
YD 982-65 87/01 180 200 93/08 Quality” 749
YD 1125-12 90/01 50 200 93/08 Quality 691
YD 1028-7 87/01 70 200 94/02 Quality 1,589

SJ 339-5 96/06 150 200 98/03 Quality 898
YD 1203-1 97/07 80 150 98/05 - 162
YD 1188-11 93/07 100 200 98/07 Quality 298
YD 1186-10 93/06 90 200 98/10 Quantity 145

YD 186 97/05 40 150 99/07 Quantity 1,675

‘SJ 225 98/11 80 175 99/12 Quantity 819

Sy 292 00/12 90 150 02/09 - 649
YD 964-4 97/09 70 150 03/03 Quality 565
YD 964-4 97/09 70 150 03/03 Quality 559
SJ 274-25 86/10 150 32 03/03 Quality 474

“Radial distance from the monitoring station.
Water quality problems were mostly derived from increase in salinity
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Table 3. Groundwater levels (depths to water below ground surface) measured at groundwater use wells around the national

groundwater monitoring station.

Well ID Location Date . Water level Distance®
MP1 NGMS 2005-07-27 7.14 m -
2005-07-27 19.62 m
MP2 Mokpodong elementary school 372 m
2005-09-05 20.85 m
) 2005-07-27 42.00 m
MP3 Mokpo high school 369 m
2005-09-05 27.77 m
2005-07-27 11.95 m
MP4 Daegeon public bath 146 m
2005-09-05 11.96 m

"Radial distance from the monitoring station.
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Fig. 3. Water level fluctuation measured at the Mokpodong
elementary school (MP2), which is 372 m apart from
the national groundwater monitoring station (10-min
interval data)
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Table 4. Number of conceptual models for numerical groundwater modeling.

Parameters in conceptual model Cases Simulations
1.0x10°
Hydraulic conductivity (cm/sec) 1.0x10" 3
1.0x10°
1
In progress 10 3
100
Basic conceptual ~ Tunnel conductance 3x3x4x2x1=72
2 0.001
models (m’/day)
. 0.01
After completion ol 4
i
1
Constant head boundary (m) 4 2
Recharge (mm/yr) 30 1
1.0x10”
Hydraulic conductivity (cm/sec) 1.0x10" 3
1.0x10°
Sensitivity analysis Tunnel conductance In progress 10 1
1 =
of groundwater (mz/da)/) After completion 0.01 1 IxIx1x1%2=6
recharge
Constant head boundary (m) 4 1
15
Recharge (mm/yr) 60 2

Total number of simulations

72+6=78
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Table 5. Hydrogeological stratification and its hydraulic conductivity for the numerical modeling.

Weathered layer

Soft rock Hard rock

Layers Kx=Ky (cm/sec) Kx=Ky (cm/sec) Kx=Ky (cm/sec)
Type 1 1.0x10°

Type 2 1.0x10™ 5.0x107 5.0x10°
Type 3 1.0x10°
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exaggeration x2)
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Y=L, HE 37 FHY 5 as As
Aoz VepgthFigs. 7 and 8). 2o Z3 HAU=
SUHE At fUdTFE SREEAIEETHHT
BHadga)o] AL AR oluiel BE FA Fol=
0.504 m*/day/m, E]'d TA}F Foli= 0.065 m’/day/m=
ARtk Table 8). T3 B wAloflA] Azlof whE
AEpS) WStE BAR At xEA o)A oF 70

Table 8. Calculated groundwater inflow into the tunnel.

-

Distancg from the tunnel
Ak ————h 5 m
o——t——0 70 m(MW)
-t 160 m
*——d—x 220 m
5 340 m

fe-g

(2]

Drawdown (m)
£

n

ISR SN N NI O WO ST U J W A B A I
( |

(=]

L Ial ¥ I LR I T ’ LI § I T ' L ]‘I T l iF
0 365 730 1095 1460 1825 2190 2555 2920 3285 3650
Elapsed Time (day)

Fig. 9. Drawdowns calculated from the main simulation

m Folal Aol Aske9l Foke 1A el F2ist
A dofstom 26l olFolt oF46 mE ou HE U
FAAE RO ebtiFig. 9). ol2idt 51514
g A5 §5 HYIN g SYAEE U ¢
Yol deie gAY MEse] oF G A W
T YA, YNl Yol BEEY FHOR A3
§1d ol8A2) 70 mol $IXT BEEF USAoI
23] Uetg 4 U WOz wawErt

SEE LS FHYETL 5 1030 m Wi A
o 77te] ol AR Mg HE TR Ase
olgol & Fake A Wt Ao etk B3 5
AEYYE 2 ATAAE B9 AT Ao
sl REAQl Gee 7 9t o= vepdth

4. 82 B

2 dyolis Bxge =7pxskeaEAclA 2002
|5 spRbr|of dARE 5 m ol4de] AR Alskre] A
ko] @RlE grslaat st Al Bl AWE
2 F 71 B ARA A dh T2 AT
A9 Aae oS F7F T2 A gk A
sler9] Aste] A FaUJNL YSARTE 4

Tunneling

In progress

After completion

Input conductance of model (m*day)
Recommended inflow of tunnel (mz/day/m)al

Calculated inflow (m’/day/m)

10 0.01
0.720 0.087
0.504 0.065

*Values recommended by KRNA (Korea Railway Network Authority)
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