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This study aims to evaluate a complex groundwater flow system around the underground oil storage cav-
erns using the concept of hydraulic compartment. For the hydrogeological analysis, the hydraulic testing data,
the evolution of groundwater levels in 28 surface monitoring boreholes and pressure variation of 95 horizontal
and 63 vertical water curtain holes in the caverns were utilized. At the cavern level, the Hydraulic Conductor
Domains(fracture zones) are characterized one local major fracture zone(NE-1)and two local fracture zones be-
tween the FZ-1 and FZ-2 fracture zones. The Hydraulic Rock Domain(rock mass) is divided into four compart-
ments by the above local fracture zones. Two Hydraulic Rock Domains(A, B) around the FZ-2 zone have a rela-
tively high initial groundwater pressures up to 15 kg/cm’ and the differences between the upper and lower
groundwater levels, measured from the monitoring holes equipped with double completion, are in the range of
10 and 40 m throughout the construction stage, indicating relatively good hydraulic connection between the
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near surface and bedrock groundwater systems. On the other hand, two Hydraulic Rock Domains(C, D) ad-
jacent to the FZ-1, the groundwater levels in the upper and lower zones are shown a great difference in the
maximum of 120 m and the high water levels in the upper groundwater system were not varied during the

construction stage.

This might be resulted from the very low hydraulic conductivity(7.2 x 10" m/sec) in the zone, six times
lower than that of Domain C, D. Groundwater recharge rates obtained from the numerical modeling are 2% of

the annual mean precipitation(1,356mm/ year) for 20 years.
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Fig. 1. Conceptual model of the hydraulic domain{Andersson et al., 2002).

Table 1. Specification of the double completion boreholes in the study area.

Hole No. Upper Zone(U, EL. m) Lower Zone(L, EL. m)
B-13 11.1 ~ 266.2 -145 ~ 298
B-14 10.1 ~ 1451 -279 ~ -129
SB-8 123 ~ 177.3 -27.7 ~ -127
SB-11 549 ~ 195 -30 ~ 28
SB-13 -1 ~ 1775 433 ~ 272

J1 -59.6 ~ 18847
J2 40.66 ~ 281.69
AO-1 -60.84 ~ 9891
AO-2 5 ~ 270.78
AO3 35 ~ 20065 ] -59.64 ~ 10
AO4 497 ~ 231.62
AO-5 7 ~ 14317 -67.32 ~ -18
AO-6 6 ~ 2213
AO-7 -20.2 ~ 7042 -74.58 ~ 45
AO-8 27 ~ 14447 -60 ~ 3.82
AW-1 36 ~ 270.8 -1427 ~ 6
AW-2 0~ 878 622 ~ 25
H -140.63 ~ 417
I 9117 ~ 461
G 18.35 ~ 65.33 -30.5 ~ 515
F 13.93 ~ 103.2 -61.14 ~ -14.25
A 4.87 ~ 45.87 -60 ~ -24.67
D 38.72 ~ 89.84 -60 ~ 24.06




72

G
. Uncomformity -~ Q500
l Dykes '

LEGEND

[ - { Alfuvium

-~ Intrusion - / Storage C.
|4 | Alkalic-Feldspar Granite ;

[ )

- lntrusion -

m Wollaeri Andesite T

:’/‘//: Ponghwasan Welded Tuff

;,‘_‘,:{E Shinsongri Formation
i

=11 .
2%}z Unoabangsan Formation

T - /
e T — ——
e e e —
" /// - B
i ' 120 \\‘
’ - \
o .
v .
~ 2 L
= {
& .
Q /‘0 N
- N {
! D7
INNONYE
v /// -
- //// ’
P
i <2 TN L
17 S \
° AT
730 s NRE=d *'27
) VA
=7 Ly
s oy
R Vouv oy Y
T T T T T T

(b) Groundwater table(EL. m) before the excavation

Fig. 2. The geologic map and groundwater table of the study area.
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Table 2. Input parameters for the hydrogeological zones based on the porous continuum model.
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Zone Hydraulic Conductivity(mysec) Co e?;iit‘i;:nt Po:'o(/)os)lty
Domain-A 436 % 10°
Domain-B 485 x 10°
HRD S 0.0002 0.03
Domain-C 215 x 10
Domain-D 723 x 10
FZ-1 320 x 10° 0.0003 0.05
FZ-2 3.80 x 10® 0.0519 0.05
-8
HCD NE-1 1.80 x 10
NW-1 3.00 x 10°
W 13 % 10° 0.0002 0.03
Grounting domain 1.7 x 10°




78 EX DR RN LR

P35t 2YUAEE g2 vyl AxAZZ L F
HI W AP Al =
Hol &N =
2 3 AZE EF
ZAZHNL < malo] o AAE FFe T
M 2o A Z+2} 57 ton/day, 65 ton/day & Hla A A
FoFEA FAR ghol EEHAT At dAS
Ao AR gho] +1~10me] HHE el et

~

oigs B4

240 2AE B0 1)L §8e Yok
Aatel NPT BHL 2ASGT £ AT E 33
A wag ol g1l ARASEs), HAEEEGy), BUF
®), FHAEE®K) &2 3, 6, 1092 37147 &

109 % ,1000¢ ¥, A3F Adelol A frd#Fs 4
32 zb7) vl watd Aol oet dEUAT 2
dol| n) X & Y Yotk

Azt dE QA Ui EE FYFY A$ 10
d 9 1000¥¢ A Fole AFALY THHAEET} o)
< uzan, AAF JeHAAE FFol P UgE
Ao 2 YebgthFig. 7a). T E 3} 734102 2 1000
A A% Tl 7] LEJAA BF E Aol & YA
A T A el A= SRl AT 9} o] vl $-

R7HE A 0.2 14 5 T Fig, Th).

XISste-RSHA 1A

o £&4E Fol7] N ATHE A5 7124

SA%E 1305 e B0 0

A2 AT E FIFL U4E RUS LA T F
Ao GPRE EEHGT.

Gallery 230 #58 A48 4749 Sy

o 9i9 2o A3A7 MDA F AAG W] FY

#2 Domain-AE 50 mm/year, Domain-BE 35

mm/year, Domain-CE 15 mm/year, Domain-Dx= 10
mm/year2, FFAH 9] 2097+ e ZEFol 1356
mm/year$] Z1& 7 | Bdoj A A4 o) A%
g e kgL oF 2%2 AZBFEA A HEHE
5.24% (=% &, 2001) Eh ThA WA AR EH AT o] H 3
Ase B dFA G FHFAA AdE G s
STl 71sHe Ao 2 ddE

HE K|St Al

ARAGFAAE A RIS
I AEFNY FFAo] B2 (Fig. 6c)= =4
of Wy ste] S HEA AHEFE AFZA A AL
FESFYHEE 505 x 10° m/sec(A 735, 200005 2 &
sk
223 A 459 FZ1 4 FZ2 720 9
A Z Apo]E BolA| AR (Fig. 8a), Gallery &%
o] 429 NHANAE FZ2 72U FHAA 973}
7t Btk 27 2 ATHFg, 8b). ol# @ AdE FZ1
B FZ2 7209 AR FHAEE A2 AT 2
#2475t &, FHUAEEE 544 98 F
24 d243 AR dRAel A7l 2ol FZ1 +
zdi9} QHE DomainD9 F5FHY FHAEEE
ARFETG A OR wlg dor R5ho] F&
ARFLE FAH SERT 9 550 $AF A
fEd 71UHE Ao AT wetA T
o] A kom Aty Fi = AA g HHE,
FZ-2 729 <17 3 Domain-A%} B ¥ & -& 43159
FEAEE gto] Ao} FZ1 FRUYET 24 %7 o
ol 2522 A& Astrf2a o8 FFAs T
o) e} Zo| am FALFORY fFo] SAHET.

B3AAZ 993

rlo o it
Hz
olj

o

St XISIHIAH|

TEFHY AT AA T FEAFFAA A
A LR ZEE o] &8 A4 o He FHAEE
& B ARFASFZAA ASH T e A
48 HET F glom2 BrioEA AEFEd
(upper zone; Fig. 608 A AL FHAA2E sk

g2 dgst 2l TSR



Fe9d NdE AEY ddeT AstFREAA 4 79

w
o
R

1
—&—Ss | ——Ss
—0— Sy

|——R

=8—=K |

After 10 days

Relative Inflow Rate

Difference of Groundwater Table(m)
o

[=]
=]

0 2 4 6 8 10 12 ] 2 4 6 8 10 12

Relative Parameter Values Relative Parameter Values
4 8
—e—Ss —
E
3
23 g6
0 [
14 2
I3
H £
€2 €4
- o
After 1000 days| e 3
£ 5
ol @
2’ g2
£
o
0 0 = ) { e
0 2 4 6 8 10 12 0 2 4 6 8 10 12
Relative Parameter Values Relative Parameter Values
s — 1200 [romm————
——3s = +—5s]
—o—gy %, - Sy |
12 fl—a—R 3 ~—&—R ‘
2 |—e—k g o 4
& - & B
9 o
g
= £ 600
£ °
Steady state o 8 5
= s
K @
2 . § 300
@
£
& a
0 0 &
0 2 4 6 8 10 12 0 2 4 6 8 10 12
Relative Parameter Values Relative Parameter Values
(a) Relative inflow Rate VS. (b} Groundwater levels VS,
Relative parameter values Relative parameter values

Fig. 7. Results of the sensitivity analysis.
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Fig 8. Upper groundwater system after excavating the Gallery.
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Fig. 9. Lower groundwater system after excavating the Gallery.
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