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Hydrogeological Stability Study on the Underground
Oil Storage Caverns by Numerical Modeling
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This study aims to establish the methodology for design of an optimum water curtain system
of the unlined underground oil storage cavern satisfying the requirements of hydrodynamic
performance in a volcanic terrain of the south coastal area. For the optimum water curtain

system in the storage facility, the general characteristics of groundwater flow system in the site
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are quantitatively described, i.e. distribution of hydraulic gradients, groundwater inflow rate into

the storage caverns, and hydrogeologic influence area of the cavern. In this study, numerical
models such as MODFLOW, FracMan/MAFIC and CONNECTFLOW are used for calculating the

hydrogeological stability parameters.

The design of a horizontal water curtain system requires considering the distance between
water curtain and storage cavern, spacing of the water curtain boreholes, and injection pressure.
From the numerical simulations at different scales, the optimum water curtain systems satisfying
the containment criteria are obtained. The inflow rates into storage caverns estimated by a
continuum model ranged from about 120 mg/day during the operation stage to 130~140 mg/day
during the construction stage, whereas the inflow rates by a fracture network model are 80~175
m3/day. The excavation works in the site will generate the excessive decline of groundwater
level in a main fracture zone adjacent to the cavern. Therefore, the vertical water curtain system

is necessary for sustaining the safe groundwater level in the fracture zone.
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Fig. 2. Design procedure of the water curtain
system for underground oil storage
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Table 1. Input parameter for hydrogeological unit

in porous continuum model.

Hydraulic
conductivity

(my/s)

Porosity
(%)

Storage

Zone .
coefficient

Welded

lapilli tuff 0.3

505x10 % | 0.0002

Sedimentary
rocks

Grouted
mass

300x10% | 0.0800 0.05

280x10 % | 0.0001 0.03

F21 320x10% | 0.0003

F22 380<10% | 0.0519
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Table 2. Design criteria for water curtain

system.
Considerations Criteria

Distance between water curtain

> 25m,
system and
L>S,
storage cavern
Vertical hydraulic gradient(I,) > 10
Water curtain hole efficiency < 10m

N
>

o
o

i g
=

%o
af

a
o

“

Fe
@

|

)

i)

wood =2
2 4y

e &
ok



gged LAY £ Ae 7
]

Ao g AN AHFig. 7

178

- -1

—

2
NI Wl ¢
WY o

&

N

=1

\/

Fig. 6. Three dimensional fracture network
model{ W100mxH100mx=L100m) to
estimate the water curtain hole spacing.

-~ ™
Pt ThbarLt
. .

ﬁ 08 AR
= BRI T —
5 \ =D.00EL  Spacigt + 0.8
£
3 .
O ts - - ™ — -
2 T~
g ~
§ 10,0128 Spacing + 1.0b%
& 04
°
g
3 o2
S Diract Connecti it,
3 >+ »Sacondar, Connuetiit

0

0 10 = 0 10 0 88

J.ater Cuntain Hols Spacing (m?
Fig. 7. Intersection probability of conductive
fractures between water curtain holes in
terms of the hole spacing.

HE 4 AJAH HA
MODFLOWE o] &3 X34 lojA] HA
AogEy Zuiaxdde] o|AATE 2Bmet

0me ASE BAEY] Aste] ARTEY AT

1 4
2 (7] 2E Astee) 3 EL.-30mol 938
EE2 a9u. FEE FEe 9dd 2l
Z24d 17TmE n8ste] 15me 20msl 442 &
Akt FEEel F9HE FFE 10m, 15m,
20me! A+ ZAMstH(Table 3: Fig. 8).

Table 3. Calculated vertical hydraulic gradient
and water curtain hole efficiency.

Wt | Vo | Vet | Vot
level hole pressure gradient (I,)| hole
(EL )| 92602 | BT | i | Max | DY
m m
1.0 083 | 10 491
15 15 09 | 1.13 6.48
0 2.0 1.04 | 1.31 8.06
1.0 0.36 | 1.08 5.90
20 15 094 | 1.06 7.80
2.0 1.01 | 1.31 952
15 091 | 1.09 6.43
15 2.0 1.02 | 1.33 8.13
5 25 109 | 145 9.83
15 090 ] 10 7.60
20 2.0 1.04 | 1.31 9.60
2.5 1.09 | 145 | 1146
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Table 6. Calculated total inflow into the storage
caverns by the discrete fracture
network model.

Case 1 (m/day) | Case 2 (m’/day)
Boundary - - - -
Construction|Operation| Construction | Operation
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Fig. 12. Potentiometric head distribution map at
EL.Om. Storage B and C are in operation.
Bold dashed lines represent the
groundwater divide line. Lines and
circles are the reference locations to
calculate the change of hydraulic
gradient,
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Fig. 13. Potentiometric head distribution
sections(see Fig. 3) in the operation
stage where Storage B and C are in
operation. Bold dashed lines represent
the groundwater divide line.

Table 7. Decrease of the hydraulic gradient in
the Storage B and C regime due to
the construction of Extension Storage.

- . Decrease
Refeence | Pre construction (peration e of
Groundwater . | Distance i
o regine from Fig. o | Hed | Head | hydrautic
1% difference H)d;?uhtc difference H}dgjauhtc gradient
o e I L I
@ [2169| 110 | 040 | 52 | 019 | 525
Stogage 62| 70 |06 | 1 | 016 | 714
) ~ ~ ~ ~ ~ ~
1385 78 152 | 22 | 033 | 783
Storage o 4431 W | 022 60 | 014 | 364
¢ d (8492 18 022 | 142 | 017 | 227
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