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Synopsis : The fluid generally flows through fractures in crystalline rocks where most of
underground storage facilities are constructed because of their low hydraulic conductivities. The
fractured rock is better to be conceptualized with a discrete fracture concept, rather continuum
approach. In the aspect of fluid flow in underground, the simultaneous flow of groundwater and gas
should be considered in the cases of generation and leakage of gas in nuclear waste disposal
facilities, air sparging process and soil vapor extraction for eliminating contaminants in soil or rock
pore, and pneumatic fracturing for the improvement of permeability of rock mass. For the purpose
of appropriate analysis of groundwater-gas flow, this study presents an unsteady-state multi-phase
FEM fracture network simulator. Numerical simulation has been also conducted to investigate the
hydraulic head distribution and air tightness around Ulsan LPG storage cavern. The recorded
hydraulic head at the observation well ¥ was -5 to -10 m. From the results obtained by the
developed model, it shows that the discrete fracture model yielded hydraulic head of -10 m, whereas
great discrepancy with the field data was observed in the case of equivalent continuum modeling.
The air tightness of individual fractures around cavern was examined according to two different
operating pressures and as a result, only several numbers of fractures neighboring the cavern did
not satisfy the criteria of air tightness at 882 kPa of cavern pressure. In the meantime, when
operating pressure is 710.5 kPa, the most areas did not satisfy air tightness criteria. Finally, in the
case of gas leaking from cavern to the surrounding rocks, the resulted hydraulic head and flowing
pattern was changed and, therefore, gas was leaked out from the cavern ceiling and groundwater
was flowed into the cavern through the walls.
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AGste wraoltt, Fate WHo g2 YFEe LPG B LNGE A% u 833 AAddd os)
A9 E dASFA 3t AYAo2 £4E FAANA F= 39 7IHo
t}H(Soder, 1994).

IR FPFo] g Xt gt HAlA A3t FEHALS ks k= 3 S
HooldFIaEA MEE o &3 ¥y # MEEIAAEY MES = e WY SoE S5
g diREe A FAALC] AdHE ALY B FYUAEREE W§ @#a F d %
&3] WE de g MEAoz BEAsE Wio] BlFslth. Sweden® Stripa testdl & @A A
S 58 gutdM Y FAzZEL FRHeR ol§ BEaFe Tl AA FAF 90 % ool
ol F8 F#E=2 AFHo] FHHN(Olsson, 1992). AR ATEY /MEE ol &3 AF #89 2T
ek, o], d= AV, #EHY AV 59 V2AEE FAAEY e HAHol IFHeZ g
TF-grh

AsgEble FAFEY JME MEF AAE FAFH AHANE AN E F2E FAI A
gstd zgom Qg JtAaAAE oo FE, EdolY A FFUY FdEAZAS AAEI AT ar
sparging process, soil vapor extraction, &%tel 5 F+4 /44& 3 pneumatic fracturing 5
9 HHAE YA ASFS 29 FA BEE 2ol $H(Unger 5, 1995 Neretnieks &, 1985).
oldf B3 Jt2e] AUFAFHAEE 24 F3 BEFAT /M 2 AFE AT YR AEEY
T#EGoA B3 7129 AdFASFIAEE X35 By olver wdF9 AV #d9 FH &%
oo 4"} (Pruess and Tsang, 1990).
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NEES 233 vAY fracture network FEM s|AEdg /3l om o]& o|n 7]&Y AdE &
47 7AZ ¥ 3-phase, 344 FDM Ed3 vla BAstHt. 4714 Agd 243 &4 LPG HIF71A
FHo Ay Ass £33y 93t H & At
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71 HAA ge 7t2E Ausid, A we & 9ndt 715 aE F5UWEA, K&

< ANFAFHE, v FAE, B formation volume factor, P& LA g 7Y 2 $2F ¢
TFE, ST X%, Rwe EAY 7280528 Uedt £8 pE ¢, pews 7129 27h9
139, M2 7h29] Bx13, 25 7129 t2A$F RE 7AAF, T AU, g= 281 E =
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H 3T 2 Matrix FeEo AAqYAHAL 4& 4+ Aot
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714 [AlE pwdl Aoy (Bi}:= 71A Y A43S Yells #go)th
3. RHo AHZE

Add 2de e3A4ES #AF37] A8 ojv #wHEd =Frgz, 19954 #E:d FDM =249
(HYBOS)® vl a3t4tt. ©ol& 93] Table 19 A5 & o] &3l 3 ddF LA £ wgrtxe 2
A BES dMEIY. 2dey A3 destast ¢ = celldlA Azt ME 4y 2 ¥3x W3}
Fig. 1°] Jebhd uisl 2ok & 86400 secoll 24 53 23 3 m’Sd 792 F98E 7t29 23
864 m’olt}, o2 QA& st27t AYHE celld A$ x7I9F 200 MPaZ HE B mdeo S
0.404 MPa, HYBOS2 7% 0412 MPavtg A3t F #eo Adext= oF 19 %24
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4. 24 LPG HEB3E +2Y AAS 712y 24A

M 2hE o]gste] &4 LPG A EF 9 BAIHd dd 72X 71U4 S Bristdt
ARG gL &4 YE LPG AFFTE HHo X3t don Fig. 204 He dlg 22 #&
T Y Y'E XFeE A-A'Y 23 HHot. #HMEY A-A'Y FAYHEEE Fig. 3% 2o AR
TEL HE 125914 140 moll 91X TFE FAH2ZE 50 m ol FEHF FHR 832 kPa
o BEdS FANA Fe FHIE) HAH AT TEFAAE £EY AA AFAY ARE =
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Mg FRABAZAL 0 kPaZ FAHE dAFF=2A, 379 A $F AAxALR H\%%%?ﬂ%
ARsdn. FHEAME 4 AXER dA Aol #AHE ‘34_761‘—1‘—:—\_% AR st A=H,

-90 mol A 93 F+ 882 kPasl AT¢ez FAAY. WRFARI= Xi"""%ﬁl}ﬂ T’é
T2ILE 7IE22 5338 m (AT 702 kPa)e] dAFFEALE HASAY. 54 /g =d=
A3, #FF Y 5 -2057 mE FAHHJR(Fig. 4). o] FAE FF dFA%4E  Aolg Ho|x
e ¢ F AT @FY guto] Hlu3 XLt FFEA] ¥ vy FPo] wEHo] glom
2 AEEE? A4S g3 oA A =sA.
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4.1 LY FHI MY MY

AZETE T E9E& 4 Al2dy fFAREEAF S A8 dELES TSR dEY 7
AHgE #EEAEEY, 77, 9k B)2 A% :“% 1\]3 T AE TEERA ABEGKALG T4,
1990) 5 835t FLEANEL FAEF RYEVHE AEstd EAM3ld oy, BN 854S E
2 GG 7EdHE FAFEY. FEEAN ASRELS F 2 tunnel mapping 719 o3 Aot
FETL 47z Uy, Fdo WA Fisher £¥, #¥9 AVIEEE 2N BX2Z 714§
dod, Fd9 UL d9AAG dd HHPpoR AYsAd. FId dEEA AsE Al
Table 29} 2t}

NEFET HAE 8 B AT AZTTo228Y A5 92 50 m 2o (A ¢
Eo] AAHo] glorz olE J|FOoE UdAFTF HFAZALE HAAIFAY. HEAFAE Fig. 49]
AN s Ao ZASG AFTF AR F 10 m ARE vFFHAAY sRFAx
AARstdet. o] o] METET S APTE AP G L Fig. 59 2ol AFFTEFES FHL
$ 50 m¥ 100 m, 432 60 moll o2& FGojt}t, o] FIo HAAXALE ¥ (9FL AT
AAZ SRE NSEAA2 sgon, WEAAzAcEE A%AAE A4 A hRrixZ 5338 m
o dAFLF AAxRoz AHAsNUT. Table 20 AYH TYEA ABE o|&3ly o] A
FracMan = 2@ (Golder associates, 1994)-% o] &3t #d%4L FAHAAA
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FEL L FAEH &gol2o w YHHER wjye] AP wet LY AAI @AY oo w
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< Fig. 63 %‘3} Fig. 69 (B)dllAl 242 FAF AL 1.0 o149 ol FAL FAFHAE A
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WY 2B FEHANA 2R FAFIRA} 059 A9 AFFE AR 49T A9 ZE %
9UY FAL )WY QL FEAINA B3 ARe] FANY FAW /WY 2AL VENA A4
4 SR AAE 2 715e FA5HA Rehe 4ut LekFig 8).

4.4 JIAEA A AHSH RARSH &t HHH BN

SEH 48 F7IE 7t FFAA gute] #EE FEHE FS dd 4EAEH FAFEE 1
Zattt. AZFH BEAE AdMe AdEAE, JtA2-F 24 AUFEIAE 59 AE7F eshy A
Ae A87E Q7] HEY olF ARE AN dA FAH AE EARS APy AgEIdEes
e A8 ol &3t AU dEdA YdFAEE FEIEY HdYPulAdds o] 2(Rossen
and Kumar, 1992)] A3t 7t29F E9 AUFEAEE 7HAIIT. 2702 E A dagddy
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2 FEHE AS$E ZAEY] 98 1226 kPa®2 4dASA FAHE Aoz AR

A AN A2 AAAY FFEXEE Fig. 99 Zrth Flg 92} Node 13 Node 2= 713 &
TR A QB3 F AHSZA o] YAoA AZh mE T WIS Y Fig. 109 JEhd
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Table 1. Input data for validation Table 2. Fracture data around storage cavern.
Parameter Value Set1 | Set 2 [ Set 3 | Set 4
Hydraulic Conductivity § . | s Trend [deg] | 1600 | 2200 | 1264 | 28
[m/sec]
Fracture | ) nge [deg] | 200 | 821 | 706 | 817
Gas Flux [m%¥sec] 1.0x10™ orientation unge laeg. ) " ) ’
Initial Water Pressure 20,0 Fisher K 50.0 50.0 50.0 50.0
[MPe] . Equivalent
. 19.8 18.8 17.9 175
Initial Water Saturation 0.7 radius [m]
Fracture Standard
. andan 39 | 58 | 722 | 45
Porosity 0.2 size deviation [ml]
Distribution Log- Log- Log- Log-
Temperature {K] 283.16 type Normal | Normal | Normal | Normal
Ps; [area/vol] 19.8 18.8 17.9 175
Fracture
intensity | Distributi
‘Sty RO Uniform | Uniform |Uniform | Uniform
pe
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Fig. 1. Validation of the developed model on (A) pressure and (B) saturation variations
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modeling of continuum concept
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Fig. 5. The simulated system using
discrete fracture flow concept.

-711-



-100m

-H0m

A20m

(A)

LY
Am 4m Om - B 0m 20m m 4&m  Sm

(B)

Fig. 6. Modeling results of discrete fracture concept (A) hydraulic head distribution
(B) discrete fractures satisfying criterion of air tightness.

Fig. 7 Air tightness for I, of modeling

Fig. 8 Air tightness for I, of modeling
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