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By using a simple conceptual model, a sensitivity analysis is performed to examine the effects of changing model
parameters on the model outputs, the groundwater discharge and the radius of influence, induced by tunnel
construction. The results indicate that the model outputs are most sensitive to the tunnel depth and the hydraulic
conductivity, and their sensitivities vary with time. It is also revealed that the sensitivity of the specific yield in-
creases constantly with time, and therefore it is as important as the hydraulic conductivity for constructing a
wet-system tunnel. A transient model is suggested to simulate the stepwise tunnel excavation and the watertight
lining. The model is used for a tunnel construction site to predict groundwater inflow into the tunnel and the tran-
sient response of the surrounding aquifer system. The predicted results are highly sensitive to the hydraulic con-
ductivites assigned by model calibration. Thus, a postaudit should be made to reduce the uncertainty of the pre-
dictive model.
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Fig. 1. The conceptual model and the finite difference
grid used for the sensitivity analysis: (a) plane
view, (b) cross-sectional view.

Table 1. Input parameters used in the sensitivity analysis

H (m) K (m/day) S.(m™Y) S,
10, 30, 50, 70 0.01 107 0.01
30 0.005, 0.01, 0.05, 0.1 10° 0.01

30 0.01 107, 10°, 10° 0.01

30 0.01 10° 0.001, 0.01, 0.1
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Fig. 2. Variations of the simulated groundwater inflows into the tunnel with changes of input parameters:
(a) the tunnel depth, (b) the hydraulic conductivity, (c) the specific storage, and (d) the specific yield.
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Fig. 4. Variations of the radius of influence induced by tunnel excavation with changes of input parameters: (a)
the tunnel depth, (b) the hydraulic conductivity, (c) the specific storage, and (d) the specific yield.
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Astoleh B ZA) 95 FAP HT 9T
WAE 2H T GRYFO 2 o280 ol v, B
79| AsRL o 10 m 3739k Fig. el A
Bl 47 FHRE 254 F 37RHY yrael
A frzol WA MR TR IF 9T
§740] A Uit 919, 27 TRt drgos
R frEo] WAl JFNAe] Aol et 5
FHHES B 21 BP0 2 MY DY

Hojgr)
WA F9) BTN

B 453 T S 5 AAY WsE 2
Hat7) flsel 5gAk 72l AR ARE vl
24 A7 AT 3002 5% RAR ZAE 59
Stk WAl B 2% ¢ 4% 4 7700 o
stel &0EoR ANSGTT AYtgor, B
274 929 BAF 2% ANE S5 G2 W53
F AT BALY 27] 2002 o] §3t4irh Fig 82
B EA 109 5, 1009 F, 2009 F, 3009 F E)d
FAAe SRAUEES Ukl Roltt 5T 4
F B FRolHTE AN FF HBo] 19
e, 58 B9 4T FRAAE W) $5) 5%

tlo
N, iz

2

F Utk Bd #H 2] B AFA G0 A
AlZro] BAsEA 57t AstEE AR BA
Qe ol B wddA a4 dhaFo] wAYElA
= A2 7Hg8t 7] otk

Fig. 9= B FRo X3 7pto] #3574 (Fig 1)
oA B 23 A L I o] F T £F B
312 Uehd Zojth OB-12 Bd £ A H A 3&
02 20m B ARl fA8tH, OB2& Eld &
FRAN FHOZE 20m Holz A x)gh
OB-19] 4% Hd 23 27)dle FF9] dgko| A9
UeEh A 7t B S22 23 7] A2 A
F2% 79 ZehE By ow, OB2= Y 787}
FHHEA FAT £ AetE BT 22 98 A
OB-13} OB29] 4=9] Z8he= 22 17 mS} 7 m B =0
o, AL A3 vl w2 A 207} S EEHE ¢

o] 5tal 7 et

2N

#
2

H 22 X AR

oA AN B 2D AL HA] o A9
o B2 A3 o4 T3bol A §5hed 3349 RAFRA}
g 55T Fig 10aE BY 79 499 AY 2



Y 23] BE Ass f5A9 Wl hE FeluFEe AgE 24 295

(b)

@

Fig. 8. Distribution of the hydraulic head: (a) 10 days, (b) 100 days, (c) 200 days, and (d) 300 days after watertight

Head (m)

Fig. 9.

lining (contour interval: 1m).

2d JAS 23 Aoz HE F Ag) (e
B Zol| A < 400 m AEZ D=} VM EoH, A

o ARz BEN YEO T B4 YolA e

95 FERAME F158Bm FE R ATE HATh

Bl do] Exlals 2| 9e] 1wl ok 185~270 m A o]

%0- ¥, B 550 IR o 240 m Folx 2o
AFA 7 ARt

85 B2 £0] 7.6 m, W 75 m, F20] 2,200 mo]

o, AW LEE 12594 m= A Foldl 59~144 s Zlo]

o] X3k AotEdolt. B 7R Aol HY 7

80 S P U S 7 93m 2 2513m AFolA N3PESINW,

Time (day) N50°E-80°SE 38} @0l 2)ebm, 242} 1.87 km

o 055 km A8 Aol Zo A2 RAMHUT

Simulated head changes at 2 selected ob-  (Fig. 10b). B]'dol] th3t o] &3 A = 2d 9o o

servation wells as given in Fig, 1a. g AAY A Al fE3 AR E B850



296 AEA - PR -

(b)

‘ OB-1 OB-2 .
3 3 OB-3

< tunnel —=—>

Fig. 10. (a) Topographic map of the tunnel construction site in Yosu and (b) the finite difference grid used in
the simulation where 3 observation wells and 2 identified faults are illustrated.

(b) s

B 2 T PO S,

sy e -

ey

Fig. 12. Distribution of the hydraulic head: (a) 100 days and (b) 730 days after the tunnel lining.

L i

Fig. 10be 24 49, 8d 731, 959 94X, 4 4
AgE el ez Bd g9e
3,351 m x 1,983 m x 350 mo] ™, & 50,3847} ] 4
A2 739k AAbd 24 A Bl 23 71t ts)
Ae AA gl 7)o dAeE & Azl 27]
£ dAsen, HY 3 9L HudlA 28 ¥
o7 A rth 2HsHA AU Fo] AR A
2 HY 2% £E06m/day)E 18 ¢ HA 3
22 7|70l 10 o] H=F 50 mz ¥AsHA 4A3t
Ak 5 AR AL BE 78 FFs= 0 F
< 99 o] 76 mE AR} LT, B2 FolA
Ho A48 AR H4E 74 2A st Bde 1
TF 12594~133.54 m= 1359 si33tH, 6d =3
< TR B3, 208 13F) A A et 242 5
Aol eYshe 02 BAFSH T

2 gl A st sFat= AXHY FS- A

. Aol Yehd 3 1=

AZ APstgen, FHE 3179 1
24 mdo) Az 2 B

W E R sl W) Ay 2
gFshe A4 JFe ZAEG) 2 9EE 1)
Ao A0 AERE BE ZojA] H|EA
oz ARG B A9 H¢ s 5=
153.5~225.94 9] W91 & UERY, 2d 9] 6~1059)
A YA gh}

2y By

Y 23 4 AT A99] ARFAZ #3357 9
stel AR RS FUSHOR, WY 2A S of
Folo] 2 WYL AAsdch Qo MYE B 2
shol Uehg vhsh o] B 23 A Bl ) A8t
UL 9F DB Y 2 G2 vIAE dAE

Fel ARl ey muel gl Wl Aaks

[y



B 230 Be Ak 4579 Wald Be FUusEY UgE $4 297

@ i

R N T TR )

,,,,,,,,,,,

Fig. 11. Distribution of the hydraulic head: (a) before and (b) after the tunnel completion (240days).

FIFE, HARAT B HEES FARS o8}
o PN 7L, FEAEEE WA 7 HA A FEAL
& HHE i) BdS BASAT 7 AEAE
e g 98 3 ¢S ANEE B 7 F
e gt V) A4 derd 2 3%
AEE B3 7 AR FEEE PR
ol gt 2ol 29 AL Tt =R &

i

o
s g
FAAD D ENFANDE B A5 520

=17 1

=9 B 3H0.0167 m/day)oll 93 BAF A} A Y
tunneling post-lining
€<—>—>

240 0B-3
E
- 200
©
(]
-
160 — o
120 T T T T

0 200 400 600 800 1000
Time (day)

Fig. 13. Simulated head changes at 3 selected ob-
servation wells as given in Fig. 10b.

Hol AR $5E AR 2AA fA8R 8
W oljel 5.9 G WA o] AER
meRthE) Geth gebd B 77 35 2
BRoA Pojzl Aue] SRl HEEE BY ZYYo
SELEEEEEEE SRR D
o FQh

H

FH FFAIEE Tt 5T ARy BT
740.050 e/ day) S o83 A}, T o] WeH A
ZH 8 7d 49 359 R)lgHo| AFHY 1%

Ho} A Jelgth AR E Ui 24 44T
BE BAREAL AR o] o] A £57t
AZHY 1T w4 Yeht BHE T A¥e
bk EA geth 38 FHUAEEE FxdA
ZHoE 4R A AFEA 23 B 9 o
IR oA ARFI HFZo 2 FYEHE &4
ol "ok Y] 7 o F-2e] e ez A
St FrElE ol 5ol B R sh ] e 47
A=Zo] digAel e UHE FA3 = o83
I Tt

A ] AFEALE F8to] A @A AN S8 5 A}
THH g o3| Atd AgtrHY IEE v
WIPHA HH9 FUAEE & FF3IATk A3
oS Fato] A A7 ks 2 SHFY &
AL} 242 0.03 me/ davst 1.5 m/ dayd W A3
Aol Atz BAF Aot A2 & AR ke A
© 2 YT §HE 27 9] Bl 3l EE = A o
A T g o] AR RT £ o= o4
HA ol A= FEAA dig FF 257} AR
ata] 2220 E 282 1.5 m/ day2 7F3 8H3iTh



298 AEA - 75

Fig 1lat B 53 A9je) AF2A} 2% Uiy

SRl AAHOR 5NN BA BFoz
Assr} 52, 450 WLE AT AL §
stel Ag47t Ml E & %) AR o §

A= FE¢E 2 RoEn

=4

of

I

Bld 22 3 g Z3 39 Adlr -5 A A W
st £4317] 95t RAFRALE +3431Ath Fig.
1129 FHEAL S FAFREAL] 27] 2702
Ao, F8F BAS 3 E2 gellA Al
A1 83t T8t

Fig. 11b= Bd 23 948 (82 22 40Y 3)
o SFYAEE Yehd Ao HY 3 73 Fd
oMol 7 EX B st {5 LFo] AREALZE
Ho} ol g FFE Bt Bld 23l I 9
a7 dFHA= Hd e 5E0 2 oF 300 m,
HEo 2 F 60 m Aotk B 179 A d &
€ gAY Ak 3F el 23§ B WHE)
© 7 vl e A BY 32400 m A o] 5 o] whay
3tk

Bl Sl fRge AFAE AF5A 5
AFLE NNAFEHE Agg oot FeFe] &
HE) g2ba Bd 3] oJste AFA FHe A
g frEAIZE Meke A% gAY g 9
S v 7hsgo] AT AREAL A AeA L
02 §F3E Ao YRV SRR QE B
W2 A2 AFAZ FdHE st 2
#FaE A0 F mAEen, g3l Avre HY
T FHE 93y FIUES webs St
o] =LA 2R3

Bl AL $9 Agka 5 AA HEE B4
3l7] 18t AL 7 A HE AAE HE
3 AAR Agsta 23 48 F 730U T A
e 2d 99 A $F HEE BABIAY. Fg,
12& HY B53A 1009 F94 7309 Fof S
& vehd Zoloh 283 2ol BF3AE 100 F
de 8 FHH AR F2AMRH £577) 3 E
Eo] 7304 Foll= FAHY Ast 5 AA =&
A AF2El(Fig 11a) 8t FAHY L & 5 ok

Fig. 132 Eld Fuo] X 7] #53(Fig
10b)of| 4 9] =5 WstE vebd A o2 23X 7)o o

& 7 ¥ S & HoFETh OB12 Hd =3
AlZF 27 AR ARE 7] #ERoR B
22 279 FA4% #4458 Btk OB3L Bd
$29 AR HAd #=SHo 2 Bd 23 27]
de 44% £FE vYeile Hd e IRy} 4
HHA FAT 78S Belth OB2= w3 9
A Ao B 2 T ANHCZ &5 4
s7b st o, Bd Ul A3t fY#EE o AA
& FHEA ke Ao EAEY BHE
He] AXAHEL WFFAL AT 57 WEA FHE
=o] ok 150Y Tl = AL ARFAe o Z&3t= Ao
2 UEhgth B 23] & A5ty e 19
I Zo] Bld2RE Y o]4 A & =& A|7]9 2
g AV o BEA A FElAET W
slol| whe} w9 Wz4aHA @b 4= ok

ok o

Eol ¥ #E

x

Visual Modflow& o] &-3}c] B'd AlF Al EAY s}
= AgtAle] ¥ale] 9EE rlAe $8 dxFE
o3 vaE £48 AAsEeH, 23 A 4 W
FAE BAYE 5 e B F 2ES AN ¥
Al 8L T3] Bd 2 53 A dAsl=
AW FAHES 1Y £ A7E 53l =&
3o AL g3 2k

1 97 24 A 5de] Jx9} oty 484
T B YR2Y Adtg Y@ 22 Ja
7Ag AAE 1 283 2d Wl A og e
Sk Hg Ax9 A9 23§ Al7te] AFstHEA A
Sk frd el i U Ee 718 vhe Ak

AFslEA Aap S/ AL E YElT webA
EL AR g

Bd 2202 Q3 FH A A5} 9] Wl A

Al FEkS A& Wl Aoz BAHS .

3. HE 4 34 L HFFAE AR e 7
AR B AAZGeH, B Bl W4y HY 4
Al Al 8 99 Adhg Qg HL 7PHeE /-85
A &eE F 9ok

4 B9 BYYA HF FAT 58 F5E 7



By 23] G Ase f57

Axxoln, B4 RS F3to] 249 gs 75t
Ok gt} A4 24 X—iﬁ /\P—ﬂe Fatd 2 A B
ARANEL Boel Y58 reliEEe v Y
A2 E83he) 5”417} Je Ao BAHAT-
E3) 2y gt R dof R Z0) sl 49 ol

i 70O
% 3459 FUAREE FEo] 44T Bt
Slom, ool ol folste] B TS AN
of Btk o A ) SRl BEE A3kr9 o
A3 ol WE T8 HAEY e v
BAE Foo) P¥ L FH3 FYVEES 27

shedl v 785 349 4 ok
5. B9 73 & 53] QR RolAg NFE Fah]
Qo] A 34919} Fute] SRl HEES O AEE
olgete mUY Fde BAHOR 9XE Y
ol Qo 53] Bl BR94E WA A
$ A5 45 29Y9 A} o] Ast=le A
o2 97 Atk Hd w2l 25 ol e
o) Y5 e TR AT TS B B4
S BIHE AT A HUBE 5ED 2
o gom, oleld B muYL Fa)
HEHH” EEEEE R ECLEL
z 2P} 278 3% B 1 Aa] A
22 5ol 49 B0z 27 494
BAL2 R 82 9SS 95= A A
7P, e Y A A E Y A
2RI AR EA A GE
A BUEHY A2E B3
4 &= -]o] dﬂz UEQ_,] /\g
e Al e Aol

d m9
0
rulo

ﬂ_&
ﬂlH—_—]

o, ol
i
Fl r
E]
ofN
0\

1S do 4 o fu
A
_?_’
2
for ¥
Jlﬂ

i

Ab AL

® ATE 247 Z2YATABAGY S
o A% SR AGTNEARI T ATH A (A
£322)9) o3 $YAAF IS

wgol oie FedrEe U B 299

JEj g, EET, 2001, M 4ere] FUF Y HER
g A3k F A% o Soll B 3Akd A7, o
x| A3 20019 % EA S # 3] =84

14, o189, iR, UAd-E, 1994, Bl dA 3 o
£ Aglr9] Watel “‘éi‘ﬁr o] i3 A
& B4 gold AA 4, eda A3, 4
24-30.

o[y, 2001, AW =4-ZEd &7 HHE g
A48 B4 A7, Rt ek ol skl
el =

ojR, A&, oA, FA4¢, 1993, AstE Lz
el AA 2 e oM A E, HIHEE S
19939 % 8w ¥ 3] 7§ 23( 1), 607-610.

ol IR, FA5, oA, 1994, B 7 25k EA
B sia 2 A, dEAEEsA], 10Q2),
41-56.

o8], MAH, o]F-g, o], FE-F, 241, 19%,
B B 2 AT AL BHEE A RF B AS
o] frEmsle] e ZAAFHD)-5ES 3 et
T8 H2E FHE, HYH Asteit 5
347-362.

A, 1998, 34 wEAAY RN FEAFT
A H7t 2 HEZ3 Ask fEei Aol vig 5
X Ag, §d i 2| 8}2-7t, 8, 275-286.

UG, 7Y, °1BF, 2001, A8t 470|714 FH
o] Asts Aol ol 5228 Fe] 5
3 A, A A8, 11(1), 37-50.

Hul, o], 7SI, o4, 2004, BEEL YA
Nl mE Ak FF 4523 v 27,
A A28}, 14(2), 223-233.

HEN, ALE, SE 294, 1997, A B A H
229 Aty F0 BT AFH 2, HPES
&3] =53, 17(11-1), 13-22.

o T

1}
o

N



300 BB - 705 - 18A - o]0 g

= 3 g 20049 8y 129 AEA
FEA LAY, AHFA G AT
A A g 2004 89 139
be LB g g7 195 30
AAeRd 20049 98 7Y Te) 042-868-3378
Fax: 042-863-9404
Email: yjkim@kigam re.kr

CEE
GEREZEE s
137690 M &N MET PAE 090X Fag ey (F)HeE

151-818 M&A] #ob7- 375 4H4-8 2oL
ATTY B2V520%

Tel: 02-875-9491

Fax: 02-875-9498

Email: hydrolee@empal.com

Tel: 02-576-3801
Fax: 02-579-5835
Email: eyppenii@hanmail net

TS

5 8m X A9 ek
314-701 Z¢ FF-A] A HE 182
Tel: 041-850-8515

Fax: 041-850-8479

Email: koo@kongju.ac kr



