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Abstract

With a growing demand for railroads and the local government’s desire to attract railroads, the expansion
of railway facilities is inevitable. This study used Visual-MODFLOW to evaluate the impact of construction
of the Jungnyeong tunnel as the part of the Dodam-Yeongcheon double-track railroad project on underground
water environments in the upper Sobeaksan area. The Jungnyeong tunnel construction project was divided
into seven steps, for each of which the discharge level of groundwater level as well as groundwater level
were analyzed to calculate the range of the impacts of construction. It is found that the amount of discharged
groundwater increases and the groundwater level decreases as tunnel digging begins. As tunnel digging
was completed and the grouting proceeded, however, the amount of discharged groundwater decreased
and the groundwater level returned to the initial level before construction. The findings suggest that the
groundwater problem in the Sobaeksan area due to the construction of the Jungnyeong tunnel would be

minimal.
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Figure 1. Map of study area at surrounding Jungnyeong tunnel
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Figure 2. Digital elevation map of study area
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Figure 4. Applied strata and hydraulic conductivity
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Table 2. Groundwater level results by step and monitoring point

731

km,

FolM oF 311 kmi(EHEFeZ Ao o 17
Ao R oF 37 km), AAE2 FHolA o

Monitoring Groundwater level(EL.m)
well name | Steady state |  Step. 1 Step. 2 Step. 3 Step. 4 Step. 5 Step. 6 Step. 7
MW-1 971.8 266.1 272.3 267.7 268.8 269.8 270.2 269.9
’ (45.7m) (70.5m) (J4.1m) (13.0m (12.0m (}1.6m) (1.9m)
MW-2 3731 366.6 370.1 368.9 369.3 367.5 370.1 3733
: (]6.5m) (13.0m (J4.2m) (13.8m) (15.6m) (43.0m (70.2m)
MW-3 4610 453.7 457.1 456.7 456.5 452.9 456.8 462.9
: (47.3m) (13.9m) (44.3m) (14.5m) (181m (J4.2m) (71.9m)
MW-4 353.0 349.9 350.7 350.3 350.2 3494 350.3 3533
) (J3.1m) (12.3m) (J2.7m) (12.8m) (] 3.6m) (J2.7m) (70.3m)
MW-5 2881 285.2 286.2 285.7 285.4 283.6 2854 287.3
‘ (12.9m) (11.9m) (1 2.4m) (12.1m) (1 4.5m) (L 2.1m) (70.8m)
MW-6 2936 317.8 321.8 320.0 320.3 3194 321.2 320.6
: (45.8m) (1 1.8m (] 3.6m (13.3m (L4.2m) (J2.4m) (13.0m
5000
250.0 S— = - . - = —~ T
E
g
? 2000 =MW
{ e LR
‘E ._-_'_‘_‘—-—--—-— - = = - = -= M-
_; ——rdd
£ 350.0 ——— i -5
g FAW-E
300.0
-b-_._____-_-_._._._._._._-—H_-___ - .
2500
Stnady state Step. 1 Step. 2 Step. 8 Step. 4 Step. 5 Step. & Step. T
Stap

Figure 7. Groundwater level for monitoring point



An Analysis of Groundwater Levels Surrounding Jungyeong Tunnel Using Visual-MODFLOW 99

Surrounding
Inclined tunnell

‘8 .11km~‘

i et

Figure 8. Range of groundwater fluctuation at step 3.

0.58 km*(ZWIFOZE Al F 1.6 km, FFFOZ oF
0.5 km)HS W Astr7t Al 1 m Wzl 23t
= 202 BAFEAL Z2ge] ¢5H 6t o
A8t ME MY E A EH <Figure 9>} 2o] T
PR FHME F 621 km*(EWE oF 33
S oF 2.4 km), BAVE1 FRGAA = o 6.02
Em*(EWEF 2 2.1 km, 4 ¢F 5.0 km), FA82
FHME oF 112 km?(2WE
°F 0.6 km)HS Wl AstFA7E A 1 om W&

0% ot

AN

I

m,

k 0.9 km, szh:ﬂ-?ﬂ:

*’ &
’ﬂ:’
Surrounding

Sufrounding Inclined tunnel

Entrange gf Danyang

P 6.02km?
e T

i

Figure 9. Range of groundwater fluctuation at step 6.

J_b |

N
4‘\‘/

~ Surrounding

h.!rlnelz L) ‘&\&'

Inclined
O58km*

ALR2 EHHUH
Arzkefo] WP A
= 37kehaA S3EHY

o= A&A]l

223 Ha i

frEAstrgo] A&A 0
A TR A A
Astapg] shdol AR Ao s dddEn B i
ApA o] BE A5H 79 o] F A3t HEHS

Z AW RY <Figure 10>7} o] ©haF = Q7 1
A ok 0.58 km?(FLF 0.7 km, I8 F 15
km), m}7§1 FHAAME 9F 3.58 km*(ZWF oF 1.0
B O 4T km), A2 FHAAE F 0.94

o)
5
15|

]_
L
o

km,

Surrounding

" lmlmed tunnel2 “,

B

=" —




100 Crisisonomy Vol.16 No.4

Surrou nd'r_n-g
Entrafcesof Dan

Surrounding
Inclined tunnell

Figure 10. Range of groundwater fluctuation at step 7.

ke (FEF Ok 12 km, B 2k 03 km) B el
[}

H
[e}
A A7 AUl 1 om sk AoE BAE

ol
-
rir

o, 69 Asje} vl Askse] W Helvh &
A3 ZOE Ao BAHH ot A5AYe] 3T
OF BT, FAE SERAE Aol S 55
B BAR Q1% &M ARG 0 A A5
Jare PHP Aoz pudEn

9 AN NPT FYHY 2B 959
A5Ago] $RAW F2ANSF 2 A559) AE
W97k 233 dUA B FHAOE FYHE 7]
A% s B FHT ZoR DUt 3F =
HHY A 0% A71A A5 WE B BA
o} A% 22 AEA Wl TR 271 4771 Ba

B Lo A= Visual-MODFLOWE ©] 85}
ALZ QI3 AR sewlal Bl 2 EL 2]}
AAEG o BHY 32 Aol e
W3l g A5t fES

oﬁ n.I[O 0}11

rounding
ed tunnel2

N [\
B
9‘l‘.
I
Ho
rlr
o
e
M
)
o
>
Y
i,
a
o
N
X
o
52
[e]

ShiA
S
%)
22
&



An Analysis of Groundwater Levels Surrounding Jungyeong Tunnel Using Visual-MODFLOW 101

References

Heo, Chang Hwan. 2003. Groundwater Flow Analysis Using
MODFLOW in the Tunnel. Journal of Korea Water Resources.
36(1): 129-142.

Hur, Young Teck, Gu Young Park, Jin Hyeog Park, and Hyung
San Kim. 2018. Improvement of the Long-term Discharge
Simulation Linked with K-DRUM and MODFLOW. Journal
of the Korean Society of Hazard Mitigation. 18(7): 555-562.

Ii, Hiroyuki and Hiroo Kagami. 1997. Groundwater Level and
Chemistry Changes Resulting from Tunnel Construction Near
Matsumoto City, Japan. Environmental Geology. 31(1): 76-84.

Jeong, Jae Hyeon and Min Ho Koo. 2015. Numerical Simulation
of Groundwater Discharge into a Tunnel: Considerations
of Grid Design for Increased Accuracy. The Journal of
Engineering Geology. 25(3): 369-376.

Koh, Byoung Ryoun, Yun Yeong Choi, and Soo Hyeon Ko. 2006.
Characteristics of Groundwater Movement Variation
according to Establishment of Underground Tunnel. Journal
of Korean Society of Water Science and Technology. 14(4):
59-68.

Lee, Jeong Hwan, Se Yeong Hamm, Jae Yeol Cheong, Jae Hyeong
Jeong, Nam Hoon Kim, Ki Seok Kim, and Hang Tak Jeon.
2009. Estimation of Groundwater Flow Rate into Jikri Tunnel
Using Groundwater Fluctuation Data and Modeling. Journal
of Soil and Groundwater Environment. 14(5): 29-40.

Lee, Jeong Hwan, Se Yeong Hamm, Jae Yeol Cheong, Jea Hyeong
Jeong, Ki Seok Kim, Nam Hoon Kim, and Gyoo Bum Kim.
2010. Numerical Simulation of the Change in Groundwater

Level due to Construction of the Giheung Tunnel. The Journal

of Engineering Geology. 20(4): 449-459.

Surinaidu, Lagudu, Velidi Venkata Surya Gurunadha Rao, Mogali
Jayaraja Nandand, Chander Shekhar Khokher, Yugraj Verma,
and Shiv Kumar Choudhary. 2015. Application of
MODFLOW for Groundwater Seepage Problems in the
Subserface Tunnels. Journal of Indian Geophysical Union.
19(4): 422-432.

Tullia, Bonomi and Bellini Roberta. 2003. The Tunnel Impact
on the Groundwater Level in an Urban Area: a Modeling
Approach to Forecast It. Materials and Geoenvironment.
50(1): 45-48.

Yoo, Chung Sik, Sun Bin Kim, Gyu Jin Bae, and Hyu Sung Shin.
2005. Effect of Tunneling and Groundwater Interaction on

Tunnel Behavior. Tunneling Technology. 7(2): 97-108.

Korean References Translated from the English

, 15, a9, 2006, ABHED Ao w2 f-53}
E4. S48 4. 14(4): 59-68.
ol B3k AAE, BAH, 714, AFE, Y, AEE. 2009.

188 Aejepae] Ask

)

ol

5

] er£1
O}

— 3

Al

b

e,

ol

o

(o]

20(4): 449-459.

AAY, FRE, 2015 HE A4 2 AL 05 £
9 AEE S 9B AT 4 . AR

25(3): 369-376.

51998, v, kg, 7184k 2018, K-DRUM3} MODFLOW
£ AT HEF A . A AL
18(7): 555-562.

&3k 2003. MODFLOWE ©]-8-¢ El'd9] A3} f-53)4.
A sk =54, 36(1): 129-142.

Received: Mar. 19, 2020 / Revised: Apr. 14, 2020 / Accepted: Apr. 14, 2020



102 Crisisonomy Vol.16 No.4

Visual-MODFLOWZE 0|8

2
S

Ol

P SEEY B2 X5y WE 2

r

HAE A4 so] ARl wpet AEA|M 9 FAdo] E71a]dh 43eltt,
~ GH BEAAE A4 A F SHEG FAVE AR A4 A9
Visual-MODFLOW & o] -&-3}o] 3713ttt ol & $l3te] SHEHYE &
Ao A FEA8F 2 AStrHE BAste] FAF Rl w2
gatgich. 1 A¥ HdE o] AZEel wit §d Wi FEA 8ol
lo}—rHﬂ st gdZ o] SuE 1 2o AAHd) wat &
YA A7t FA Ashr R ﬁl—“ﬁﬂ‘: AORE EAEHAY &

G AR Auite] At BAE v @ AR Ui, FH ¢
F AR A3 A EAl= %i% Rno= »&E}%E}.

>
i_:“
fo

e
b
&
ko
olN
N
fo
[N

L
=2
_h‘ F}E
re
-
=2
>
e o
o o2
2
oft

=

-

KR
=

i3

>
‘|—"
=)
(
[ea

i ot
ot
2

>
ut)
X,
a4 =
mt)
)
fru

~

r“‘ l“'lE Oi'
ol
_,d

)

oft

ol
Sy

OR 01-1

ot

oE

o

il

N
-

f
_
N

RN
b 12
9,12

)
ol
Ol
o
20
IR
(ST

>R me ofN

ya
i
K
N
ot
)
iy
ofl
>
Hﬂ
-0,

AN
off,
2
=2
X
Ao
A
)
o
e -

H|of -

()l"-I

4B, Klot2l, Visual-MODFLOW

M
HA

Profiles

Jun Oh Oh : He received his B.A., M.A., Ph.D. from Inje university, Korea in 2018. He researches subjects has urban flood,
rainwater storage and drainage system and groundwater fluctuation. He published recently are increased pressure n rainwater
storage and drainage system by undular bore, influence of undular bore on the hydraulic stability at rainwater storage and
drainage system(symmoh@jinje.ac.kr).

Jong Jin Lee : He Obtained a doctor of engineering degree in “A Study on Spatio-Temporal Characteristics of Rainfall Distribution
in Urban area”(August, 2018) from Inje University. He is a adjunct professor of the Department of civil and urban engineering
at Inje University. The main areas of research are regional rainfall distribution, ecological flowrate and low impact
development(jongjin2@inje.ac.kr).

Ju Young Jeon : He received his B.A., M.A. from Catholic Kwandong university, Korea in 2016. He is a doctoral candidate
of the Department of civil and urban engineering at Inje university. His field of interest includes : groundwater modeling,

urban flood and hydrologic analysis(jeon880@naver.com).



