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A Proposal of Systematic Hydro-Environmental Impact Assessmer:t
of Tunnel Construction in Fractured Rock Masses

Hyoung-Soo Kim and Woon-Sang Yoon

Abstract Hydro-environmental impact assessments (HEIA) in tunnel constructions have been performed through
various methods including preliminary investigations, field tests, numerical simulations, and monitoring. Specially,
it is very important to evaluate quantitatively groundwater inflows into tunnels as well as drawdowns caused by
tunnelling. Obvious definitions between porous and fractured rock media in hydrogeologic properties of study regicns
must be needed to execute HEIA for rational tunnel construction in fractured bedrocks. In this paper, we propose
a HEIA on tunnel constructions in fractured rocks media resulted from various hydrogeologic field tests and
numerical models on given regions and determination of systematic order, i.e. the technical road map (TRM) of
HEIA. These systematic HEIAs are expected to be usefully applied to base data in tunnel construction in fractured
rock media.

Key Words Fractured rock, Tunnel, Hydro-environmental impact assessment (HEIA), Technical road map (TRM}
£ B e HA 3l Bd 23 A o of Bl 9 szl iske skgr Rl ol mhE
Asl9] Astg ollF wristr| AshA chekgt # 2ape mdly] BA 58 A v, sjAj et
B4 oA A ont mj Ao AEsh i glo] B Hof ARE7] el Tl A A8l
ofefgo| worth. EaL, thoRsh XAPMES ] st A BT Ak TAol et Hekat 1A glo] AREo]
Y59 AnE] $4, 44 Z2agt Az v|gs, AR AR 29 AE 55 DA AR wEkA, 2
=R AE Astar 7 FF B 2AF B A s o] 7R B ES W AL @AY, 2T
TS 22T o st ZF WS £ EAE Fosta A3kt A8 & 1 Sk
T3 b PREe] A5 W HAAH]l 2AF LA it AAAQ e =g Aot AE A =E
B3 = i A Sodoll whe) 2R A wbie] iR, AR 7 9 BA R 52 2k AR
ZAE 58 B1o] S} BY 7 ol ghRE BEske QR U] x5k 8 Asule nt eldos

o=
Fejeto] g 4 e Ao s|wr)

dido] & oL HY, X3k &% IF Wk TleR=

1. M

Sefutehs ol 7o) Hlsh ulmy

Aot Bd BApF B A

E 3
2 4] 191421 20 ot

=
71&8] el B A
F2 2EE 7

Zgolet. oj=dt He =

o A = Jlon) AT A gk B A

glon] E5t oj5i Alebgo] Weksta glojd =
o ERAQ AU 9 B2 U A=A G2

V(e AR W
D (Ao oAb

* WAAZ} : hskim@nexgeo.com
Ao - 20059 1€ 19

AAE Y ;2006 69 199

195

ol BRI A3l BAE ojsfela 2ol whe ¥l
812 &3k Thgo] Wasich Jeju, HT Eof 2
ok AR EEFAL AT A BES E Nske
2 oS Balo] AR BoEA) o Aol &
FA, 31 ol WA mkEA 79 AE b 4
B2 AR W57t s wAo] waksha
Qleh. sk FlolAl B4 A%o) offt AsiE

—
pul



196 4 gu Wl g AA Al QAR At 84 FF FoF A" A%

AR, R W A L8R 5 AR 29 A
Aojde FH Aok S LG B T
AlA Ble] digo] H71e stk 22 14EE o
% ARl A R A A W Adeteid SAE A
Foll EAzh= G4 2Eo| vAle Fl o) W
o] Ee71= st

whebal, BE FAE A AR st 2] gt
st weiE P B, & AEHASH Bl
g F7PE wheA] gREejor vk AEa S
ge| Astgr B85S 2 zoll HolA] th= AlslelA
dolihs Aol olE ) sefslr] {sixle A
S Zibshs diedd] RS 54 ¥
3] HE% ¥ ol EriR UA st uE A

can

& ufefstar AAjof wkgstofof dek A|AIXS A8k
4 242 ol BARNEY S/ ¢ e
A 27 Aaz o8-8 4 o, BATAL F Hi
A/ AeheE, LHYA Al Folal Bt FejEed A
AE Agsted Rt RS AT & 3k & =
oA 2 @t ol Bd AA Al 24 A G 42
AAEH B wefstr] gt Ashgs A BIF Al

dlof st AAE AASaA B,

AstrE E3ohs BAE AT of 24 o3 A
Z(porous media)T} @€ vfZ(fractured media)E -
Hato] EMst=d AAE k] +HEkR] g £§
sfol gsia Slck. Yoz Aot e ok
(soil zone), F31/ AM(transition zone), 7d$H(bedrock
zone)®| 37§50 2 fLES o EgFo| thad widS
A T OREE o)1 9l Usix $EE 7
o Qi ojAe A4S Uebiek IR | E). weh,
Akt gy dA A} 2o} el Asty G 3
71 HalMe 7 mjae] B HEs] mfelsia B4
3] Slal 2bzre) BAol e W 24, AR 2
59| AAA H7t =8 ARS ML L Aol gt
A ZAF W B4 Fo| SaEolor Hek(TY 2 5.

2.1 M8 = AK(Preliminary Investigation)

FA Y Baste eeAEEE EA4E Hefs
7] 98l AAEs @RARES BAA - ADE SA=
T H9eE 7 ufe A2 A Fdolck AR A A3
3 A5 "7 A Solde B AN Aske @ Al
g AR o) PHE A9 hwF AP
3& 28t Qlck olgt FEjet 82 HAl ¥

A oo

A} Aoo) R A AASE HoS W
ol

olefgt Bl hiEe Wae B AlFEe] 2
EL A3 U D7k AY PUES BAE B
Rl g |0 AX|3fe] A@SH=v] w2t srrfa
ulg} o] Itk TBEE, ASM: AEAES FAb
T2 W SeNEEE BAS QT ¢ Y NS
HASHL A" B FHeH S HuskA wA
S o] 2ok A So AMHeR AAT
27} POl D 9% U e Weo] okt XY
Folls A5k B AREL $9H0E F5 9
A Bastel AAH B4 Hersis Ao chEHel
seA ety 54 seksiizd] olstch. uhdo] o
B P2k FAG AWk Fash BEshe] Qi uf
e G5 o ahgTge] EASRe B9l 1 5
A Aske NBES AEAAM A hEG
2 ot wpgo] Wasteh uebd, olgat 71RA 4+
AgEA ARE U] A a5 EEsT 9
Loy 9 xR0 AR AUsE HRE A4
S AEAYRA, BA U B AseE
e s X ER AL 458 4 A
T3 9 skl e Sl 4 9t AFEeEA
AeElojo} Gck. TRt oleldt ANE Eofz Aske
sAe urh AEHoz Byl g8 Asks @Y =
A ANRTE A5 WA 24N AE olg A
9 RH WY 24 A 09U 24 2 ieolck
2ol ATEL A W AFTA X, B =
UE 9%, A5 wPAY A4 L FF 24, 24
Ao ) ARAQ $A Tk B3 Ash mdge
A W e 71E AR Bk

1

2 ox

Mook

Creek




Making site investigation plan map DO

EEE T

| Conference to other experts on this project jemmmmmmmre—y
i

I Preliminary investigation plan ]

Yes

Prefiminary

jnvestigation

A

Qeological investigation

Hydrological investigation

Geophysical investigation

®@lineament analysis
@Discontinuity survey

(DDetailed geologic mapping

@Satellite image
@Aerial Photograph
@Previous References

Survey

(DElectrical Survey
(@Refracted/Reflected Seismic

@Eletromagnetic Survey
@Magnetic Survey
BGPR Survey

J

3

Hydrogeological investigation

®Groundwater use

@Well, spring, stream & seepage flow inventory
@Potential point/non point contaminant

| taboratory analysis |
1

¥

No @
' Yes

ljeport on preliminary investigation |
'

Groundwater Test

porous media

fractured rock media

@Tenslon Infltration Test

@Water Pressure Test

Drilling

Bare Hole Logging

I Logging of Boreholes ]

Resistivity Logging

Self Potentiat Logging

Fadioactive Logging

» s
Groundwater @ftets Pormealiy @me' Tes'. Driller's Logs
flow @Sectional Pumping Lithological Logs
@Slup Test l
@rPumping Test

Contaminant

@®water Quality Analysis

Etectrical / Seismic Tomography
Borehole imege Logging

Monitoring
®Groundwater level

Transport @Tracer Test @Quality
I
5 1
I Hydrogeologic Map | | Database on Hydraulic properties |
1 —

S

ata evaluation & Synthesis

s
Yes

No

Numerical simulations

DGroundwater flow

porous media

fractured rock media

Visual MODFLOW
SEEP/W

MAFIC

@Contaminant Transport (Seawater intrusion)

| MT3D (FEFLOW) |

@Coupling {Groundwater and consolidation)

l COWADET23D l

LDesign and Application in Civil engineering & construction works_]

1

] Project Completion |

a9 2 A5k B4 9T BF AR Fm

197



198 oE ot ol B A Al AR Aek 2 A BoE Al Ao

2.2 X5t & AlE(Groundwater Tests)
4TS Sl Aol Bk ARE B 2
Aelo] selA Hatd BEE AAo| Ue AHE A
st A A1 WAL Rast, Asie Ba AHS
i z)shH=d] olA 7]F0] 5]: )&kt Aal a4
& @ B A U g 730] o w54
e N P e e
P BHE XA © A oA U] Bl
Esltf|(saturated zone) $]o EA5t= EZ 3} (unsa-
turated zone) 54 =T A7 @ +F ¥
A 72 ol 2ld Bol et el A4S
Fel] l8l 1A F24L o9 T AWk @
45 Wl Ak $5 Aol 2l Skg e
& AR oW 0B, o FE, ooty Wy
£ 8480l vA= A 54S A5 (coupling)
nEs Aol S AXsto] AlEL ulj x|}

C‘.O

oH /\—]

3 A34= gdo] b))
£ F7(stress)o] h2u) B g ) By oA o
oA )3 B4g stelel] gia) UutEom ol 4
Y= SUAT, 2UFAAY, FEAES vlae) 2
B EE AN B<EUA <GS B 24 ]
F70] A4 PolAl 4254 ghE AR L 1
Atk webd, The ARmT Bad 4L 42

oA PAlBe e AR Ao} ulisio] 25
oS

p=3

A 9 oS o] Assks X
Tefshs Alfolle o A, BY AlE, A4 4

T FEAIE SOl 7?” dubA oz AREE 9]
ok A4S dASHA st Ad AIET FUdSESS
Y sk AF Al eR fished E3) oyt W
oM A" Aol A Aol 4F 2go] ot Ust
Ko & AlF FAT BHTV(borehole teleview), BIPS
(borehole imaging processing system) 59} A& &
HE e Aol WA 4R SR
Frol Wit HEE A el B4 dE A
2 2ol A3tel selep] Sl Badw o
At 277 Age) Bol A8 ok 2

VY £ NP 71 FolHELS 7o

b

£
(2 joe W 8 rE do H ol

= AollA 71E SEAET FdT 4AE 7tk

efuy, AR Z2A8ke GEES 59 Astkee
E= #E5He FFE 2ol -r° MAES dad
2 *l—?%—"ﬂ*i FH glo g AskE %%*171% EL

802 g usA f48 o
E GolAite 8 S HEES ol

sz)

FHREREK)E o 22 A0S &

g2 BAste HEE= Aol ot AAHoz K= E(AQ—A%)/A% 0
o wAE gshe Al g Rk ) wreE ' /b
Table 1. A3l4 A AlgE9] £7 € 4
®E 7 7t ANEgE = 3 g5 4
= ) mokz ALEAAT c ARRIY Bxgd A W HFES Totst| « YES, FAE,
LK ee e 7] A% X/ RIS AHEE
4 3y mimalk: c EAE 9 Eole] B4 wobsy] HY * FHAEESA )
o |+ T4 9de YxE metela Fa gdoMe ¢
of oF aldbL o uFAl A5 TTe - T e o« 27 2z
/_g (e D\_Tal ]oo ]n Z_}% "FEPSEE J—}O.]'o]—/'] ‘1‘]66 ?‘\_E'_ E]_‘EE
eIy %l A E  7Etete) B4 9l oHAAEHE TRy 9 |- 2 SEdRR
E A 2 ) o 2R A s2~0] o= A H}EEL. ulols]
=70 (E{;}q‘& Z]’@]—-’;\—%f(i’kj‘?ré"'—/k]; ;5:4;1;0}—1?_1 Z]EI'T—'] Tro—vig]' o= —4'(2101‘ .%?—%}:Uk‘ %\—E]X\_EE
i ~ '74'8.— olo iﬂ_g_icd% AZ O] AFAAE
I L I R i TEATEITE N vy A, HmAS
Ry or ) .
° Exaz) A7) OF Al B c YA B dAY g Ol ASE SR 1o - B Ag, AFAS,
co colerE W HYolA = seiEAS wos] A3 $EES
A3 =27 43 o WA ATOIA sl F LAY ofd/BHAYEMY « ZRAA S, FEIZSE,
o4 ‘Or o v 59 5L Tty ¢g A
(ash =g el A A * AR A 2 o] WAEE 2 ol TR W A | - 7Y EC, TDS, €%,
oo e Ee g 94317 9§ 2%, pH
Ak ook G ANPsE | - gl g s AL A=E SAse] AW |, el
st | 73 Al 3 w8 shetels] S T




Bt eHE7

199

7|N, K= A2Ee] B SEHER, AQE W 52 dEsta BAE 4 ok 12, olujdt mdle
i f&e] Wk Aqe AR *91 Wl Aze B4 9SS o d o Bdo2 7l o
ZALTY Q= g, b 2o TS vehdnk Bl BY FHHoAM $9do] A izt AX wragskA|
(Young et al, 1998). ok o= A ek W "y 22F A g3 B XY
AN Askp frelo] WAshe At Apoj7) ok X4
23. O|E B 10“‘5011/3 YE WA 27 A EYESSS BEs)
2 Aok A A1Y ATES BAsle] ool 4= AN tiRE AN WA HYo] F2 REsHs 4o
BAkE ZFES ol gale] AL Ao W ;A 7kel ® AAE 132110}71 wiizolt g WelA Aol daF 2
A Aslg AL BABLT o|F BOE Y Z3o] 2 ST o ¢ It wjde I sks Ao &
2 23l B0l oA WEl=AE d&st] s eItk v kil EAS EAsh] gjsl Yyt
A A AEeh RE B BAL Aol . MO MAFICS go] g3k gick ol ek
7b BEQEn Aol whel B Hokw wje jEy] €k Qe FEE BIAT skt fEeicka vt
080 Be AENE ol AEH AM Zaaae At uehy, BHY AE 2 dgstn 9= 7
Toj olgsi, Unkyos Wo) e magNe @  BZ ARNE 22Y 24 A AHEEA 285k Ao
Visual ModFlow, & FEFLOW, & MT3D, @ MAFIC,  ZR35It) o1& Y3 AY AEALRAL thale A|5T
® COWADE!23D, ® SEEP/WZo] qick ojgjst = W 245 EAF 9 S84 52 54 wdy EAjo] 7
Aol B qokshH w29k 2ok A gld 2 A% Y A4ES dbrh w3 Yoji] AER 7o
o] w2 ek fF WIS oZ/EAsiegle At il 54 B Aske 93 AjY ARE S A
Visual Modflow, SEEP/W&} ZkS A8 ma1eliSoe] A ©@EE & 83 EAL 21 gase Axsin
wol A= Qlck o =R By i F AEsoF I 3 A=x).
2ol w2 A5k A3}, 2|5 ST 9 oJaF w9 ol Y ArEg T YAE e UAl o
AeifE2A Pl AR
A gs v WG P ey & f&Net flow)
gl fp—— oy ! 0 I or B
== N e |
E -~ S -10 » h 0 . i
10 ‘r P 10 ! = E y ) 10 L= i
o I . = ] f 1= o = | b
E 20 » ey E 20 - e Sl E 20 - e E .20 ¢ o |
s o £ o £ - £ $ |
g0k 7 g e g0 g ; f
i i H . s : Y g
40 :» N -40 C; ! -40 - - -0 $
; Upe——a>»Down Inflow- J “Outfiow | - Up=~++>Down 1 Ups " Dowr |
71 J A— t : 50 JEUR S B0 e P B0 L el ke i
-100 50 0 50 100 <100 -50 0 50 100 -100 50 0 50 100 -100  -50 0 80 100
Flow mi/min Flow (m¥min} Fiow (mi/min) Flow {ml/min)
329 3. BASH et 9548 Z of(Kim et al, 2005)
&2 A5k B 2yt A8 Wy
Visual ModFlow
szm B
= A = (McDonald & (Di:rEsilI;()?V(\)]M) MT3D MAFIC COKWADZI?)1()253D SEEP/W
ik Harbaugh, 1988) 2 (Kim, 2005)
o3z ) 0 o) o ) C
g Rk o o o
E3x3 1y o) o} e}
Al &= o) ) o 0 0
29 % o o
FME=ER) S
o9 A% o
FEM(f-38 4-4p4]) o] e} e} I o
FDM(F-3hat2uey 0 o)




200 wd Ak W EHE A A QAR Aske & G w7 AL A

B3 A5 2943 59y B4 A 9 o) BRd AY

s #2 24 e 799 489 54
- Az AR 9 A% 24 AR, 144, - o AR
Bag A48 | BAL 985 - PAsE GLgd 54 A
= - BIPS/Teleview - AY U AE
- A7) A Ak - A% A
Aol HEHo] = FF BEV} ol SAsHoR W s
2 7% 5 % shtets 2 4 ek webd, o) 1 L _
o ARE dEYe 7T oS B 4 gl £
ol2ist 252 FB37] 8] MCS(Monte Carlo simu- & ™ e E
lation)sr¥le] HgEojolsitt, MCSE malaiy B4, ] o £
£

o A5l AR A9 o/ HL e o} oy
S A e 4o F4g Fo vist Harghs Adst
£ 7o} gejgolct. a7y, ol vt W) BA&H
E4E Ltk B4 B4 g990] AHALE g9
7t 7R o8 Zriste] AAl Bl S B2
sk TEE9 2y AL AR st st
Eo] YoF o W2 A3y} Fasgh Axolck. A
Al At 2 BiBE diEsled £ o9 &olgt vk
A )@ BEAS 7FsH= Visual Modflowl} SEEP/W
ol 3o Aol Waliste] 245l= Ao FA2E A
grelgojrt. A& W A= AR, N uE g
E4E 1Eshs EXSA ZEReR BE W /Y4
£ Asle FHL A5 B4, ohEE wiE B 7
22 8l da 2df(9)-Visual Modflow) E4 i+
AolM He 27& I3F 5 & drain boundary
conditionof| 4] conductance Y& A] o] ZHL 71X ¥l
A B4 TS asio] 9ol Aol FUF Ha
o |z BAsle] 714 Ak 3he ek A, o
714 %= conductance & 71ELE S A A7F
of ZUsHA 2 Bsto] Z&F Al7]o] G2 A= [T
S HESIA w4, A Tk AdA FAk] A8t
th Bg FHol ) B4 3HE g oi SAlste] A
dgof diste] AAE 2= & Z=rhd A A
v 9 X/ ek Al Hop JEs daE A

A 4 e,

24, BLIE{S
HY B4 5 o @gEeld wmg 44 Ask
57 HSkE WSS W 3 Shh XSk BSol
of WAelA SHE ASpgls BUY B4 gl
A BRI AN BUE WY B olgHt) 18
L AA)E BETN SRR AHEgE SIX] o

T
E

'l

97 ¥1/98 W99 17100 12431100 12/3t/0%

Time
a9 4 N A9 Ak #s v AFFI(Kim et al,
2005)

2hA 229 4AE UehlAl e 4971 Aok &
3] oM E Tho] W AR ahaflrlolA
ok A5k o] Aysict whebA, Bld 2] wE
IS Bs7) 7 Askr} V= v o B
ol Aajg dles 1 YA, AR 5 & flolA fod
Aot WA, Ry AHE HESH 453 A9
sof gtk A&AQ1 2|8t Am H4E A iR
o] BE FAF AN Alg A Y] mdlE] 24
_1
Uk AlF A B ofye} AlE F B AlE Foll=
48 ARE 7L 2SR BAH fAjo] Sad
ohd - Fejzjo)n A ATE =&Y 4 Sk
st 14E Aol opet ofz] 2413 9 Q19jA]
ol golof ofsf Felglo] HEdich Aot HEL
20 HfF wskE vehiin] WS 2[ek9]
£ r1Her Estoan o & Id 4 D).
et 43 47 ige ARE AAE SAEA
o ol JLTAE Thotst 4= glom, o BE 5
A ¥E A gt 4 e 712 AaR g8 7t
otk S ik 55 RS AR o geke
(recharge)@] 7| AR 2 BT  lon, AF/HA
] Al A&ARQ) ZUERE B3l seidstol digt 1l
Aol hulelr] %t 712 ARE B8] 7ssith 47
T AL BEFA AT A B71H 7R s
Bfh= pH, 9%, &%, DO, TDS, EC § 73k o2




Eldat AshE3t

201

0
N R | 1 e e
10 — . ., qi *y .“. u{ }.
. )
g 5 o . LR -, .}
-1 | \ |
el ! | L SR (A (L I R A AL N N S B
65 8 95 ¢ 20000 400000 2 4 14 16 18.240 120 00 13 26 0 20 4
PH COND(uSicm) SAL(%) TEMP(°C) ORP(mV) oSO TURB(NTU)
aY 5 Ao W E4 Ad Ae(Kim ct al, 2005)
SR B solsb) Ho) MY 5 FH).  HuE B A, 2 99 4%, Seld B 7
3] ot f RS TS wet 7 W)l A § Eob o g A7) "asi
HEE BoiZeh wehd, 23 717 B Awd 42
EA49 ks wepto ZH *1%1011 o FEEE at AL AL
o 4 g, Asleel §2/eo] Uofik Pkl
SHEHS Aol YT B HolBE fhebael 3 AT AATERO) AN SAPAEAY
A B ECE RO 4 ook BAE AEHS QT ¥ ASYE BEW T4 S Y AR Te
eHEd 0]4«1—*& m3 ol zge o] 7lss N IRANE c105A1020001-05A0502-00410)”94 3|
ok 3t QAokAutold x4 Q) ool oJgt Xukyst  FeE RIS
o A= sfetely] o) A W Fipda fa3e
Wajo] ofst ST o) Welrg X&Hoz 24 AR
st G Mstoll gk e E %‘.’z‘ 4= Slth
1. Kim, H.S,, Lee, JH., Ahn, L.H., Jeong, UJ., Kim, J.M,,
3 g = Yoon, W.S., Chung, S.Y., Lee, IJM,, and Woo, S.W,
‘ = Korean Geotechnical Society Spring Conference 2005,
Physical and chemical analyses of groundwater by im-
I 5 FE Ak W Hd Al aEgE =18} pacts of tunneling at coastal wrban region in Busan, Ko-
2= 813 o8 Wrbs g N2 9T 7)4ES A rean Geotechnical Socfiety Spring Conference.
ABHT A et 2 o)A W Aul RlESo] 2. Young, S.C., H.E. Julian, H.S. Pearson, F.J. Molz, and

L e e I
Bkt ko R By B ot lolA ol2oix|
B2, 7139 ohpd AR Thgste] S B3 Al
Wt ol 7|22 o wAY Bl A} Jeme
€9 i o S it 28 s e
Aol Brt gelolch. v Qwt ol £4¢ wefel
71 S | Y ) el el £
selet & Gl Aok @ ABE ST ol
Y 2. EA%TG m_a@ Ik ECR R
1, 3. Qi Al Fakg Vi oEd )
efehs A4 Bl Hesto] xe} geiHel
e AT 4 ik ol ] W el SelE =
e Tolsia dl&sidls BEH 7ol wol 24

O
=

|

e

!
mﬁ flo 9L fm

G.XK. Boman, 1998, dpplication of the electromagnetic
borehole flowmeter, EPA/600/R-98/058, U.S. Environ-
mental Protection Agency.

3. McDonald, M.G., and A.W. Harbaugh, 1988, A modualr
three-dimensional finite difference ground-water flow
model, Techniques of Water-Resources Investigations,
US.GS

. Diersch, H.J.G. 2004, FEFLOW v5.1, WASY Institute
for Water Resources Planning and Systems Research
Ltd., Berlin, Germany

5. Kim, J.M., 2005, COWADEI123D: A finite element mo-

del for fully coupled saturated-unsaturated water flow in
deforming one-, two-, and three-dimensional porous and
fractured media, version 2.14, Technical Report, No.
GGEL-2005-11, 354 pp., Geological and Groundwater
Enginneering Laboratory, Scholl fo Earth and Environ-
mental Sciences, Seoul National University, Seoul, Korea.



202

T ARt Bl AA A AR At 2 9

=

s W7k A2 Al

Z1
=
1998 A& et ApAwsiyst 1A - 3
oFerT) oshat
2000 A& ot ofEhed Admsiest
AT o)At
2005 A& thehw et Ardutsieyst
P Reiv il o g K RPN S )
Tel: 02-448-6954

E-mail: hskim@nexgeo.com
(PR Aorehdy YA

S Ab
Ao
1991 Al&thsta ApAnpstist #jzlsh
3} ofshap

1994 Ajoata ojstel xpelatebeyet
skt olshaA)

2003 Agsta ojehel Aaksiat
A|PATER oS}

Tel: 02-448-6954

E-mail: gaia@nexgeo.com
(FusR| 2. ol




