CrossMark
& dick for updates

A Asrs] A A 5248 Al 3%, p. 333-353, (2016 6Y) ISSN 0435-4036 (Print)
J. Geol. Soc. Korea, v. 52, no. 3, p. 333-353, (June 2016) ISSN 2288-7377 (Online)

DOI http://dx.doi.org/10.14770/jgsk.2016.52.3.333

Rk L R DREE PARSS

1| SO BITHS RIS AR AR5}
*SHER|IAEITE MRsH TR
2 o
ol TS AR o) BEE weio] 91X)sks detilo] tha) ALY BYBL Saystel Hale

40 44, o), WA IS FFALh AetiAE 454290 B4 AWk 484 TA, A
S WA, TEl W BaEekS 2 Gk A0 E SIH 1-D Bl A, A5F HoHY o2
U] HRMeATt A O R, Talea] e HEAES 2O BA) SR AT WAt 3D
293 A3k ARY N BISAE BAYG 55 Y B /F R ol Fok Aol BFE o)
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ABSTRACT: Petroleum system modeling was performed on the Sora Basin located in the northeastern tip of the
Jeju Basin, offshore southern Korea to understand generation, migration, and accumulation of hydrocarbon. The
Sora Basin has geologically essential elements of petroleum system, including source rock, reservoir rock, seal
rock, and overburden rocks. 1-D modeling indicates that hydrocarbons are generated from the lowermost Eocene
source rock, and expelled actively from the source rock that is situated within the depocenter of the basin. 3-D
modeling shows that hydrocarbon migrates northwest and east toward the margin of the basin. 2-D modeling was
carried out on a seismic section across the entire basin to clarify generation, migration, and accumulation of
hydrocarbon in the Sora Basin. The result of 2-D modeling indicates that hydrocarbon begins to be expelled from
the source rock and migrates actively upward at 28 Ma. The migration mainly occurred along the faults developed
within the basin. In addition, the formation boundaries also act as lateral migration paths. A significant amount
of hydrocarbon, which failed to be expelled, still remains in the deep source rock although hydrocarbon generation
continued as burial depth increased. Additional 1-D model was also made on a pseudo-well drilled at a pod of the
source strata. The result shows that timing of generation and expulsion of hydrocarbon is well coincident with
the 2-D modeling result. All the modeling results in this study could be validated by the oil and gas shows observed
during the drilling work. A huge amount of hydrocarbon, however, may not be possible to be generated from the
source rock due to small size of basin and low degree of burial. Consequently, the hydrocarbon accumulations
would be relatively the small-sized in the basin.
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AFEARIA A AueSE Fola FERYE
o237 SIEIME A e Al 2Te) A ofstelel 2g
k= A o] t$- F93}tH(Underdown and Redfern,
2008). AFAIAHS ARE AT e dsE 2
L A E A7 UG o 2 RE wiEE 1L o5
Eo] HA ==Y et AAeH a0 1 S
AlsHA e g Pzt AQA Ala"os HojdE
= Ytf(Magoon and Dow, 1994; Han et al., 2013).

HgA2E BAS A} Bl TE wsles
o] AP} ulE 2215 o] 5ol Tet YRE Hol A%
UL TR ] o) 1 FaNL TS A=
H32 QJck(Underdown and Redfern, 2008). &+
e G AE LOPS
71292 AREE I itk (Ahlbrandt et al., 2005;
Gautier et al., 2009). T=3F A L7} AR} 22 v A
F A4 (unconventional petroleum resource) 2]
AP AFAIA] Y o] SfjEar Jlrt(Jarvie
et al., 2007).

o]t AFAILEE AT A HTH e
A9} O oA WA= B, I 2
2 olaska A3k SIS HeAl2E mE
ol uhe- mHolt A ALY RUBL A4
=, AR A, A olFel tiste] vjAdE gAY
e A H o2 ALt A9 A ES AHF
ol A 7kt Algdoldol7] diEe] B3t
Sz SR GG dZate] B mTbHel Wol
1=

AT R T S x|e] AdHel
H4RA1e o] 2 7lel% st glow Be o
T =] gkr g o] gt}(Lee and Son, 2007; Park,
EJ., 2011; Park, M.S., 2012; Kim and Son, 2013).
Z T Lee and Son (2007)2 53l &5EAof tst
HgAIAT REPE Saslo] Balao) 14 ¢
2| E 215141, Kim and Son (2013)-2 A3 £
o gt MeALT BAE 5o Beleas] fE
T A RS T v Sk

e 9 ool AR9 W s/l 7]
= o8 EAER 7 EARTHE 1). g8 o
Foole 7t & AF=EA7F /AR ek AFEA]
9] 55 AR AFEA o P4 HE &
EAE0] AR 28 A] A9 dE5iE A4S
B A5 FAZE FAYNA g7 S HH L= o]0
= 52 7HX5(Kim ef al,, 2008), 454} 2}
A3 7tAA o] Eeld HE Qlth(Lee et al., 2008).
7 5 A7A ] A ATols 34 2 3
A7 S A7, S EE S L e AT
50 AARTHKim et al., 2008; Lee et al., 2008; Yun
etal., 2012). 23} AT} 72 A1} ZH8 G A A
de] 4129l 247} ERatellE BakT of 7R
o] A|eje] 4 gA) 28] that A7 338 olzo]
A7) ksket.

o] Aol H= ol LEA] F LEHEA Y] HE
1-D, 2-D, 3-D A A &0 BElgS =35to] A2t
29 galea A, wilE, olF 2Ea A FH
£ FEstaAt gtk kR A Y A A 9L 236t
= 2T H T2 BT AIFF ARE HIEL R
AFAIAE B4 9 mdgS eysto] AeHEA| 9
AFA LS Feletal, 22 i H-52 B4, ©lF,
A S AP o]27t AfrAlLd Y
24 it A7AY W FEAGE A58k,
T A{A FAE A 9S Fsh= bl -85tk
s 2ERER]| 9] 24291 A fEhAkel d e 7]
o8tarz} o] A4S =35k

2. oiPEE U AR
HeALY BEYS S5t s SR

Hoto] mego] AT A %S 2251 }4o|
1 g slth(Welte and Yalgin, 1987; Poelchau et al.,
1997; Welte et al., 2012). g of] W2 9] x|} 70|
24 W RS A, 4, $718 B U 54, 1
o0 StEnE 258 2§50 AE 4R 5
R e
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25 SR AAULT BN o i A
02 ZZ3HHKwon, 1996; Lee, 1997; Cheong et
al., 2001; Kim et al., 2008; Lee et al., 2008; Kim and
Son, 2013). T3 F3 ol 217} Q= A= 182
25E ZARE FE5H] st

F2H JYARE HEge=E AzhEA digt
1-D, 2-D, 3-D A A28 RE"S 353tk 1-D
RERS Tl gHER 9 WiEALE X GAE 5
sho] ©t3lpa o] A A7) 9 S ALTSEAL,
3-D Relle& =35to] A 7S4S, carrier bed) W
ollde] Ekale of 5 8l 12 AL Blslirk gt
2D & Fa) Tl Bheledo) ol W
3} 4=, 223 94 9132 U Fstslr.
BHH, BA] S4lol 7HdAIFF (pseudo-well) S A
Foto] AgtEAE H#SHe FrR ZHYS S8
THEsHch

PRS- =3l5)7| 9J3]] Platte River Associates (PRA)
AL BasinMod®ﬂ- SchlumbergerAt2] PetroMod®
AZEGelE A8t 1D @ 3D BEge
BasinMod 2 AM&:3}¢1.0m, 2D =EEe PetroMod ™

Ulleung
Basin

£ ARgsEth 1-D 2eg 3} 3-D BEF ALk 7
2 £48 7=t £, 3D BEg SR 1D B
48 Abshe g ol E3t3-D ol 5 o] At
2 287 2 SFEE 7]uko 2 3 7hgt Akbo] %]
o}, 2-D olzrndo] AALe R Bt Hwgt
Axbo] =] ojolgitt. PetroMod ¥ 2T E g 0}o]
2-D 2EL BasinMod® AZEg|0]¢] 2.D HE0]
H]3to] thofet gk o) F AL A88 5
e Aol k. meEkA 2-D BREHES {siAe
PetroMod”® AT E g0} 2 AL&314T}.

1-D B2 sakEx]of| A AJ5E 270 Al
o3l ~egstact ast XA, A|&sHA A 7S
datgon, o] Higo 2 GA4E Bdg, ujE
A 2 GAE RER)S AAISHTE T GG
ndg ©=23517] Y3f Easy %R, EaE|E5S AHE3H
of BIEZ o] E HAL=E ALFSHITHSweeney and
Burnham, 1990). o]ujj, A4t &= ZE-S 2
o] mdlZ WA 95t B ER LU o] E vAlE
(vitrinite reflectance; Ro)2} Fol@(rock-eval) &
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Fig. 1. Location map of the Sora Basin including studied wells and seismic line.
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&= UL Aolois BN T AR
weE ehgalgon], TAARY REL 2.D, 3D
2o FYsA 2§35t Q4= B 3]
2 JeERRE Besas] AT ERe
RN e w2t AL¥sh e, olu, Theldo) 4
< WhE& = (kinetics) 23 ARE-3to] AAFstETH
(Ungerer et al., 1990; Welte et al., 1996). T3t
oA etalpa o] WS A 719} S TSl 2
oUW 3= dPHES QRS o viEo] Yojdth
£ IX|"(threshold method)& AR&-351o] AR
o, 7|18 JA] gk 20% = A5 tHBordenave,
1993; Welte et al., 1996; Okui et al.,1998).

1-D 2] A7H=2-D}3-D 2o Yexia s
AgEgie. Ea AetRAGA ASE v A2
£ 343l 4 F=of Uigt A= 2T (elevation
map)& 2451, 3D BEYL Saetelct. e
U 3-D 2E2 23} 2| S ot A=, T3
O] gaFo| viAIE Aol A ALt T3t ATphS
HolFA dok wehbA 2-D 2d g 53 ©akea
o] o] 5ol et AUE £4o] dasirt 2-D
2dgs 35l7] YA atEA] AAE FA=
7V2A 2 BT AR E AYste] galeart A
AE S E o o]F, HAEE BT I fRE
TAZ o2 7HA ST o], Af7FAe] o] F R
A2 thA| 9] HA|(Darcy’s law)2 283 T4
"4 4] (multi-phase flow equation)& AR5+ A|
rshzegich

3. X&E e

8l iE5olle B, LEHEA|, SaHEA]
O 37l 28 A7} A 5HH, ZF 28 A= 71N 87
Fofl oJafjA FEHT o] 3 2 A= FEl s
Y RS Aok AF=EA Y 555 9
o EAst= =2 2EAEOITHH 1). B3 AlF
A= B9 e s 5559 HS5s &A1Y 555
of jFstH, FF=3l EA= 7] WetrloA
g @A Ato]ofl gt G ARgol oJsl B3 G
EXx]o|tk(Meng and Chou, 1976; Li, 1984). wHehA|
2HRER]| o AL HA] Al 1R o I ag ) A
o] gl Ao 2 HRItKKim et al., 2008).

AFEA = GE o2 245 7|Rkehe] A =71 2

te &8

ol BHE 710, Setxlotuat o,
S Apolo] TEAFgOR W B2 Be
LA oAl Al719] EINERgOl Sfsf AT R
XLl 7} @A =] QAch(Li, 1984; Jolivet et al., 1989;
Zhou et al., 1989; Lee, 1997). 7] 2] DA A A
7] wto] @A Fetell Aol ALEP o A &
WA} X F o] Bl & Zo] SHE ek 7] nfo] 2
Aol Free] o BAAAd WA
g (angular unconformity) ¥} S3+327} W3}
ek A7) ETtol A o] S RE AA7IA] AlF=EA
= B9 A EolzkeH, iRl oz AL}
2 ti55 @70] FAEAHZhou et al., 1989;
Lee, 1997).

BEE 220 AFEA 2} Zo] F7] wely]
Lol A T A of) TAEE Q1= o] o8] A =
QIR 227} A tH Zhou ef al., 1989). A7) o}
o] QA o] o] FH A AZFAA Il SoI3kL, FA
~FEare] AlAo] ot BE-hA] el T
A7} st BX]71 = Jh(Kim et al., 2008).
37] tlol 2 Aol 7225 8 §717h Lolut A4
Zh-go] Hg on, STt A2 Soj7FAA FY
2 Ql S-S Wol AR FE HFe FHe=
Ho 3 tH(Kim et al., 2008; Yun et al., 2012).

2EHEA7 3 AFEA Y EE UHR e
Yo U4g BB} Zolxn As)ol
7HA] AAEch(Hirayama, 1991; Kim et al., 2008;
Yun et al., 2012). 222 FsHE 2|&2] Adjd
i3l =W S(HADSON, 1989)9| A& 22| 1A ==
7] ulo] M2 A3t v} 11, L& Z(Itoh and
Nagasaki, 1995, 1996)0l|x= A7) o @Al &= T
g AL sjAste] Alf s A4S EUX7E AU
o} 2 F Aol AFEA Y 555 L84
S3} gulslE Qo) FRoH1FY BALNE vl
Bz, dE SR FAHY A37| £2] A=
dlstel £ ot drhs ARy
(Kim et al., 2008; Yun et al., 2012), A2HEX] Z|3}5
A%9] A= o A= A= ATH(Lee et al., 2008).

4. AEZ 1D 2g2

41 2 HE W FAH

o] Ao AL AatEA] o] ASH 2712 A7



(Sora-1Z, BP-18)o] tste] 1-D mdleg st
At} Sora-13¥ BP-139 & A== 3,167 met
4,060 mo|ti(1Y 2). Sora-13-2 AHEX]9] 713
AelolH AZHAT, BP1FE 2ehEA|e] SAR
ol A A|FEI QT | A= ol & AlF3-2 oAl
oA EefolAEAY o2 EFFoRE HAstaL
QITHKim et al., 2008; Lee et al., 2008; Yun et al., 2012).

1-D B Sasy] PolME 5B tig
Aaka, Asabd A RS Jaeisle Ane
Aojoll Jste ol Basitt &, F4, 4,
A Ao, A4 FA, F 7182 (total organic
carbon; TOC), §71&E9 T7/ 5= 7 Al53vith
FEoto] ot =2 YYsfFoiof gt oA
d AlFFol tigt A AeH, 2|3sh A2 E 524
o 2 QYdts Y2 BEF A 7P B4l 7
AoJtWaples et al., 1992).

2 HA %o 54 9 A ARE NET AR, B

Sora-1

(m) (m)
320

S5 A2fERel MRAIAY Y

337

NEEA AR 5 7120 AT ARE AsjAskn
dEelet s Fom(® 1), 22 Aok &
2 39 F¢E ad 43 ArE vg e g 42k
29] ZA5 AAsITE SA BAE 4719 FHA
Q) A} BhAEIS 7| E 02 TR, TS
ZAAZ 47119] MegasequenceZ 23} 0w Z+zt
= ool AEE oA, F7] &M, 7] Hto]
24|, 37| vfo] 4| ~ Eto| A9 st AL
2 A Ach(Lee et al., 2008).

1-D oA Al =gl thet -2 a9t
A AR A H ko] A9 Sora-15-3} BP-1
Fo| B A= E st Cheong et al., 2001; Lee,
2011; Park, 2011). 27] A|Z30] QhAke: 1 29} 2},
Sora-1g-2 Al sHEol A g2 | TR HF
Zo) e, Al2E Aol ghe o] AR
of LEPdTHKIER, 1982). A|5-3 515.9] of 2 45
A= A W AESE 213 2] Akto] B
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Fig. 2. Stratigraphy and lithology of study wells (modified from Cheong et al., 2001 and Park, 2011).
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Table 1. Input parameters for 1-D modeling.

1}]21?11113 Rock Unit Beg(;;;[lal)%ge Top(:i)epth Lithology Petr(gf:nrileiéstem
Plio-Pleistocene 2 2.1 320 Ss 25%, Sh 75% Seal
Plio-Pleistocene 1 53 405 Ss 90%, Sh 10% Seal

L. Miocene 7.5 440 Ss 25%, St 15%, Sh 60%
E. Miocene 2 17.4 512 Ss 40%, St 30%, Sh 20%, K 10%

Sora-1 E. Miocene 1 21.5 715 Ss 35%, St 5%, Sh 55%, K 5%

L. Oligocene 27 850 Ss 70%, Sh 25%, K 5% Reservoir+Seal
E. Oligocene 2 29.3 1217 Ss 27%, St 45%, Sh 28% Reservoir
E. Oligocene 1 314 1513 Ss 25%, St 10%, Sh 65% Reservoir

L. Eocene 34.6 1700 Ss 30%, St 30%, Sh 40% Source
E. Eocene 50 2300 Ss 20%, Sh 80% Source
Plio-Pleistocene 5.3 138 St 40%, Sh 60% Seal
Erosion 54 -25
L. Miocene 11.2 439 St 50%, Sh 50% Seal

E. Miocene 4 20 578 St 36%, Sh 64%

E. Miocene 3 21 940 Ss 20%, St 58%, Sh 22% Reservoir

E. Miocene 2 22 1160 Ss 17%, St 58%, Sh 25%

E. Miocene 1 23 1480 Ss 40%, St 27%, Sh33% Reservoir
L. Oligocene 2 27 1690 Ss 20%, St 60%, Sh 20% Reservoir

BP1 L. Oligocene 1 28 2080 Ss 15%, St 55%, Sh 30%

E. Oligocene 2 31 2210 St 56%, Sh 44% Reservoir
Igneous 2 32 2480 Igneous 100%
E. Oligocene 1 33 2550 St 55%, Sh 45% Source
L. Eocene 2 35 2610 St 42%, Sh 53%, K 5% Source+Seal
L. Eocene 1 40 2750 Ss 20%, St 48%, Sh32% Reservoir
E. Eocene 3 44 3100 St 66%, Sh 34% Reservoir+Seal
Igneous 1 45 3240 Igneous 100%
E. Eocene 2 50 3290 Ss 17, St 30%, Sh 53% Source
E. Eocene 1 52 3770 St 80%, Sh 20% SourcetReservoir

3, AgE= 7haA LA vl oA Fol A=

A AES o] moshs Yehts 2 8de &
°W¥MX*”Hﬂﬂ@%%ﬂﬂiﬂ~aﬂﬂé
i} ojgto] 502 Ues Alo] W
k. BP-13-2 5R1.0] of eA|Z ol AESHEE o)
o] LAIsk, A9lell EHE ZejuA|ST upo] A
SollAs Al 2 AEY] ASHE E3F 2F2,500 m
€} 3,200 m 2] oA HittFo] FEEh
1-D Hd oAz 0|9 T2 A g S 7122 8}
o} Z} B35 Y] ¢ Al¢h(sandstone), HEQF

(siltstone), A|Y(shale), B(coal), S}t (volcanics)
So EghlE Yesigon, o] Bz AnEg
of Hjoll A o2l E4& AL

1-D 2URolAE 48 245 gk Yol o
st 1 5, TOC (total organic carbon)gt-2 <
ool 44484 WAL Bk 7 Faw ]
Fo] "t gukd e 2 TOCFke] 0.5wt% oAl &
A%ke Ap4 S 2 Aoz el ek
Sora-1F-2 AlF=17F W 752 A|Zof|A] ol =
2 TOCZko| 4"t Cheong et al., 2001). Sora-1
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FL BA Ao dckagel 9145t 717k
EAPA O Wste] Tage) wd 9 HeA
o] ¢keh. whehA] WS- A b TOCZES &
Age] Gago] 7 WigE A0 YA} BP1F
[e]

9 yo HZ yehdt a8y 29 17H] A
B A= EE3~5wt% 2] TOCZS 7FAH, BP-1
T = e Eo] s = Hog Hot w4 53
&= TOCHES ©HaE 799 o= Aztet
o] Aol A= AlFF T TOCZE, Zofld(rock-
eval) @83 &4 A7, 283 XS FE 1L
Hoto] BRI 2710 FAAE AlLSA oAl
= THES o2 At AR 2AUSY
S AlY, AES, Aol BhEA o g vehie
2 TOC el #skr) At AfA| A8 mdgo
= 29Tl st 27](initial) TOCZHS ¢
FfjF=ojof g} v f71E 9 Aol X EH
A 718 T2 A4sh] "ol 7] TOC 3=
< @A SA4E TOCHET =32 2Z Esfjof
3K Daly and Edman, 1987). wiehx eH2&E9] o
S WA g2 AlRoA A E TOC kg 1
shof, U] 27] TOCEES 5wt = Y8ttt
A=A 8-S TGN A7} 7kA7E B
o ufEEEY AARH 4TS gk AR
&3 AFEA Y ARAL AF33} E|Z A7) wp
2} Q7ke] zlolE Ho|R|gk HAH o2 By 119} g
Q M19] &3+ o 2 Yepdth(Cheong et al., 2002).

>

S$2(mg HC/g Rock)

0 10 20 30 40 50 60
TOC (%)

AR o) QA% 27 AlFgelA By 119} B
1] A H=e otz A Yebt o™ (219 3), Sora-1
F2 €] I110%<}F ek 11 90%, BP-13-2 €] 11
80%<} BF¢) T 20% = =3HE & deste] 714]
S8 At

1D R ofg} 72 Y 2stolA AL
35t A4 (thermal maturity), ofEAHburial
history), A|EAKthermal history)& £33}, <
Yo 2RE AFo} 7tA7 YA S E = Al
@ o ALk

42 gM=c 3 pX|gREr od

FAsEE ATt X2 3t 7] Q1] W}
s, HIEZUo|E Rl o] A o2 #A|
Heh @AsEE ALkt Rd®sh] fsiMe o
At @A o] | FFeH(heat flow)gho] Basict. 11%]
FRFS 5Y5] A8l B=T AR HIE Y
O|E HIAEE ARESFATH Waples et al., 1992). H|E
ZUo|E B AARS Sweeney and Burnham
(1990) 9] W54 (kinetics) ZE-S AREH oM, A
A 4% B ETUo]| E BhALE gl HYR 0 2 7
ARt ZHE& YA A 7|2 2 7Y (calibration)S HHE-
sto] A o] o TS 2= RS BT
(21 4.

a9 4= akEA o X 27 AlF=Fol gt
A= 2dg Zutoln, tiA| = Sora-15-} BP-1
T @AsEs AET HoRle weEtA Fksk=

S$2(mg HC/g Rock)

o 4 8 12 16 20
TOC (%)

Fig. 3. S2 vs. TOC diagrams for kerogen type. a: Sora-1, b: BP-1. Data comes from Cheong et al., 2001 and Lee, 2011.
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258 Hlrk 18 4ak Sora-13-9] H|EZ|U0|E
A 9F e 2 ElS H o) Sora-13-2 AA|
739 v EFUo]E HALE 9] Jl4=7} BP-1-3-9]] H]3]
4 At} 1,000 m~1,300 me] L7kl A HlE L}
o] E WRA=7} AASHA UEh=t ol Al &
2(caving) 9] FFOoF HIT A|FF FHE 171
Ae A=7t Zolel met vEgUe|E vat=rt
7kt AS et webd Adayzhy(cali-
bration)ol| 4= g 7+e] FHES ALsta sH
T TS o185t A ek nds =5
SHh o]ZA PO ek mEe AR =AH v
EdUo]E BAEE Tejste] HH eIt o]
e} Sora-13-2 ¢ 1,900 m F-2of| 4] 4G HA|
o =3t Ao g R ETHIY 4a).

BP-13-2 Wi EAI =7} 712 EA] 9] F45o] 94
&t 22 A&=rt 7|diEnt 2y AA 39
H|EgjUo] E BhitE= 7|UE Akbol] o5 ghEch
AA| M 0 2 v $he Z1e HojZry(T19 4b). AH
AAGA L] 7)1 0.6%R,0l EsHs Azl of
2,000 m Fo]X|qh, AA| o] Zlojof A ZH v E

— Simulation result
+ Measured %Ro

1000—

2000—

3000
3000

T T L L | T T L
0.1 0.5 07 1 1.3 10

2ol E HIAE L 0.15~0.3%Ro2] M2 w9
Al Yehar ek

o|Xd S78E HIEZUC|E =T} WA Yeht
= A2 A5t AA@ Y (suppression)of] &Jgt Ao
FETHLo, 1993; Carr, 2000; Jarvie et al., 2001; Ujii
et al., 2004; Peters et al., 2005). 4= A @A
H|EZ|Uo| E REAMET} A8HA RA S == A4
© 2 paglgo] #2 A=A gy 171 9A1RE 54
oA =2 vepdtth BP-13-2 AZA &Y 117+
SABHH(LE 3), gl A U= Aoz B
o} A k= 7Fs/do] &k o]k Z2 olf-
2, &= RS S35k I8l Seld(rock-eval)
FE 25 ToaE HIEZUO|E RAMEZ WSS}
o] ARg3tc(Jarvie et al., 2001). Trnaxgt2 435C
oY Aol 7180 ARG EA N EETA
© 2 gegich AZA 8§ MY H-ole ToaE Hl
EFUo)E A= 2 HEE o 0.6%R, oS A
DA Ttk Ao E 73t off], ekl
R;=(0.0180)(Tirean)-7.16-2 ARE-3}FcHBordenave, 1993;
Miukhopadhyay et al., 1995; Jarvie et al., 2001; Peters

— Simulation result
: + Measured %Ro
— T O %Ro Calculated
\ 5 H from Tmax

& \
"
1000 o

2000—

3000 —

4000 T — T T — T
0.1 0.5 07 1 1.3 10

Fig. 4. Maturity models calculated by comparing with R, and Tmax. Note that BP-1 has very low values of R,. a:

Sora-1, b: BP-1.
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Table 2. Organic and maturity data of wells.

Well  Sample Depth TOC

Sz Tmax

Name (m) Age (wt%)  (mgHC/gRock) HI (T) Ro (%)
320-440 Plio-Pleistocene
Sora-1 440-850 Miocene 25.02-46.7 24.4-80.48  68.88-172.33 407-423
850-1700 Oligocene 17.87-43.02  12.62-66.23 46.81-214.12 419-429 0.46-0.48
1700-3167 Eocene 0.23-56.5 0.02-91.4 8.69-161.76 420-446 0.46-0.52
138-439 Plio-Pleistocene
439-578 L. Miocene
578-1690 E. Miocene 0.37-15.41 0.29-52.51 69-491 424-432 0.15-0.19
BP-1 1690-2210 L. Oligocene  1.23-18.17 1.96-90.39 142-497 424-436 0.17-0.32
2210-2610 E. Oligocene 1.72-4.7 4.68-11.71 249-345 434-442 0.37-1.51
2610-3100 L. Eocene 0.5-2.79 0.66-7.8 73-291 439-458 0.38-0.55
3100-4060 E. Eocene 0.35-13.88 0.27-10.82 36-221 447-500 0.72-1.26
. = g5 mdo|th. 3, Aol (rifting) 7 LA
A7 A AR A F7Hote] #2794 o)
ot of] gk 7HAH, B7N o] Fof| HA} Fashe 2k
& g £ zZt=th(Mckenzie, 1978). A&ErEA]7 G E7]
: A= A)7]0f) 1A DFeFo] 80 mW/m* 7] Z7
3 HIek 1 F st A @RS 24 o] st
gro] B A7) o] Ao ThA] e 70 mW/m’
: HEE HolthLee, 2011). 1 &, TAIRFE &
* AR A& Fashe A2 B E, 09}
@ , , , 22 23 2-D, 3-D 2dg] B0 = FYsHA 2
o P " sk

Fig. 5. Heat flow history model.

et al., 2005). BP-129] Ty ZES 215201 578 ~1,690 m
F7ro| A 424~4327C, 1,690 ~2,210 m F7bol|A] 424
~436°C, 2,210 ~3,100 m F-7+ol| 4] 434 ~458°C 2] ®
912 Belch ®3H3,100 m o]Ake] F7tol A= 447C
019 TmaxBl EITHE 2). BP-13-2 HAH o2
&A= ZolRel Wt Tradt® $718ks A O]
TEET Traxgkell et %88 27 77 (calibration)
< &9l BP-139 &= BdE =E5tgon, oF
2,000 m F-Zof| A AT A o £zt Aol Eel
2| 4b).

H Egjuo|E RIAHE 9 Tha @t LA E1E 445
T BYS sk BolA 11 59 22 11K
R HsaAo] A ol BA WEAE
aEte] g 2dS A5t IolA 2H

43 1-D ZH2l Zn}

19 63} 72 Sora-123} BP-1Zo] tjgt 1-D =
45 ZoEA i EAF D A GAL S3keao] A
2 & Al7|eF 1 ¢, T ARALE e s
9 YA 7| & Kot

Sora-13-2 o @A ~ &2 1LA] Fet B A&7t X
EFRFO| EoH, 0|2 Q3| HsHE E|FFo] oF
32 Maoj| 1,700 m F-ZLoj| A A-{A A of| =gs}
FATHLHE 6). o|F, WiE4H =7} F71etol what Af
9} 7kA 0] /o] ¢F 15 Ma7kA| F4 31| Sttt
I @A7HA] A2 ASE L oy uiE2 ¢
oJUx] ¢kl itk o]= Sora-1-g°] 24| 7HALE]
o Ax|3f EjH -9 v 5 =7}t 24| Ghot B&E
7 2947) whZel] LAl A E 7RATE A
< E AR ZUUH OB RY vjES2 TSR] 2
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Fig. 6. 1-D petroleum system model of the Sora-1 well including burial and thermal history, petroleum system chart,
and cumulative hydrocarbons through geologic time.
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Fig. 7. 1-D petroleum system model of the BP-1 well including burial and thermal history, petroleum system chart,
and cumulative hydrocarbons through geologic time.
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Table 3. Input parameters of stratigraphy for 3-D modeling.

Unit of Event Type End Age (Ma) Petroleum System Elements
<sediment surface> 0
Plio-Pleistocene Formation F/D 0 Seal
Miocene Formation F/D 53
Oligocene Formation F/D 21.5 Reservoir
Eocene Formation F/D 314 Source

BST F/D 50

<model bottom> 51

Ao AzkEct,

BP-1Z-2 oo ~ &2l 14 A)7]o] BL HHg
& Bglon], o] Fol uid Ao HaFol
ujo] AR F7] nfol o] ~ Setol 2.4
opte] §7] Wl AAREE wLon], Safol ok
9l Zetol AEA] A)7]0] HA o] A HAH .
NLA~&2)TA] Al7]0] EH & AT
gtom, 7 @gko = of 28 Mao| HaHZo] 2,000
m F2ol4 A AAEA] Solzieh(ad 7). o]
£ BP-129) 44% Y|4 oF 2,000 m RZol A
MDA e 06%R, o) Eeket Ate}
2 Q) 5eh( 1 4)

BP-13:0] 9k X3 ahio] o 0.4 %
o2 B¢ 119} B¢ I A 2Ale] S5kl B8 ol
2L9150] A9lol HaE 2274 9 mhol2A ]
AFQIEo] BP-130) AReHEd 7H5Ao] Fou,
=42 ol @AE ol dedE o) YA oigre 5t
Ae A0 Btk 2UASL 2270 B2l
7} w21 EHgo] o} 28 Mao] A4
o e A49} 7kas AN Ao, of
3 24 Mao] 2oro 2R Afo 7part vige
7] AAYTHIHE 7). BP1ZL WhBA =S} L7}
o 2ok ol thake] A6k AgE e ol
Jolut Aoz Aztet,

5.3-D 27t 0| ZEz

51 243 oY & =A

3-D mellg 2 FUU A Hfet kTt AL
HiEEo ARSE W ole e P e ez
Hojgot oo mat AA| A2t 727t AR Wl
A oz A7)0 o= WREe 2 o] F AL, o= $A]9

LS FAB=AIE AST o A St wabA
3D YR 4G SUTFEE Fev 48
SHA| AREE]TL QlthJohannesen ef al., 2002; Huvaz ef
al., 2007; Kuhlmann et al., 2011; Kuhn et al., 2012).
3D REHE S| AN 2t Ao dhat
A EFZ % (elevation map)7| H 23t} o] Ao
A 8 29 AP RS} QR Ze) AIFEES
tju|star Adste] HAEA=E AA5HAL, ol&
NEFZER W10 3D A2 AHg s
HETZES] 2L 915 712 UL TAIeo|Ya}
7, 247} 7]uke] A AR =S s U7
g3}E AT =S BasinMod ® AZE¢o] 3D &
ol gl Fen, Jgt 74 A=Az Y3f
A ZF A5l FFE U 24 X5 FAl= BP-1¥
o 248 71%02 QJegon], 1-D2 3D 2d A}
0]9] FA7|EE FUsHA AT o] &= 2zt
ASE) it AF B, A, A=, S 5= %
Hatgiet. of o), Jeiet A3kt 217, WA 5 2 %)
Zo] oafald BAL 1D BUYo|N ST UE
£ 7t 329 FRER A%t = ok
3-D 2Eo 48 A5 7138, 9, AZAIY, &+
712 E9] © ol e 7 HEae) M
AT (X EAI ) 2 A= AL, AibE = 3-D
2 ZhAskEr) 2, AUk 3D REe Aj7io] e
Ao 2oy A5 9 Fhao) o, Y
= YAF 2 HojA Hot
323D meYo| 2t 52 Belde] Pee 7l
A JEo|t}. A HE ]St F 5712 A=A
= dg3en, 7 AFY FAALS S8 A&
A= (sediment surface)@} HFEA] = (model bot-
tom) & 2712 Ak 7]ueF 99| o @A) A
7 S5 A7 A9 % TdFoR ARt
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3, ZHAS ol HHE SN HHSE AR
Ao 2 st Altstint. TRl A
o 7= 42 1-D Rl goA A g3t &
L5HA HZ3F3A-

52 3-D MR 0|5 Y

3D RS Fof A g % 7hAe ol B B
£ 2 AAARER B3 5 Ik 19 8& 24
oA A Eo] B E 459k 72t el
R4S A AZPAsto] wet o] Faka A5

£ RHE HOlFT ek B4 AE Mg ol 7

25 Yehlin, B2 A2 7t o) HRE
ERdict. 3 450t 7kA0] AN = 242 =4
I o] S P o= Helr

% 804 21.5 Madlli= ZLUZolA HiEH
ol S IA ARSI EEEH o)
SHIL QL= Zlo] Eeldt). O A3t ARYF BAZ
of| 72 EH(gas traps) o] ZA FAHH AL, FAZ
= AFEH(oil traps)o] FE Ao] & B}

A3 wiZo] ALHEA ZLESY W2
T QA] ozl e, ARAS Wl EAH(0 Ma)7t
A A+ D 7k29] o] Fo] FAHLY. oo w2t AR

0 Mak

Gas Traps
Qil Traps
Gas Migration

Oil Migration

[+

Fig. 8. 3-D migration and accumulation model. Reservoir strata are shown by the blue surface.
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(0 Ma)olli= A9 EA8ET 55 7PgAe o &
TR Af 9 7k Effo] YIS S E B 5
Atk

3-D Bdls) Ay}, Hfef 7tArvt 2 X9 F
AN A 73R 2 o] FE o] R E
et Qe & 4= Qo 3-D BdEg2 A79k 7t
27} ol E= WE A AAE FR1T 4 Aok
£ Aol AT, FEI 259 FHE 7|vte 2
Sk 7het AlAFA kol 2A 317wl A-f-2] o]
T 2 AANEE FJYgotA mAFE = jlok 1
Zu} 2-D TEAol| A =383t 2-D REF 2 A
9] W2 (Darcy’s law)< 7|9t 2 g1 JUTH o] 53
B AlARITHWaples, 1994). whebA] o] d7-ofl A
=3-D 2dg 205 e R, B3 HAE 7=
A2 gdn S ARt 2-D BEE S 423
8kaL, A 9 7k 9] o) 5k Ao i3] & o AA

NW

a1 B8 1A Bk
6. 2D 0|= Bz

6.1 243 Jig & =A

2D R S3eart APEL olFHl 3
A B ARPER AXlste] 22H o]
7HAIBIRILY. o] Aol Ak A] A AH-4]
2HS F HolE o= gl Bn Tue AEst]
2D BAES SPh Lk Al= FU 62 3F
ol = AT L = o] 2AHA 47
kAL QIeh( 2™ 1). webA aehiA] A Aol gigt
AfA2ES B8] HolHe = & st o
B 2 3jog sl o] Basit Ao 4
A2 ASHEIE A3l Lt S 2EhA] S
A S edu Dt S & kA s oflA

SE E

Plio-Pleistoene

Miocene

Oligocene

Pseudo well

Depth (m)

Fig. 9. Seismic interpretation and input diagram for 2-D modeling.
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Table 4. Input parameters of stratigraphy for 2-D modeling.

Line Name Formation Begin Age (Ma) Chrono-stratigraphy

K 2.1 Pleistocene
J 5.2 Pliocene
1 5.4 Erosion
H 7.5
G 17.4 Miocene

Line AA' F 21.5
E 27
D 29.3 Oligocene
C 314
B 34.6
A <0 Eocene

S A E Bt ©S Agste] v)aLg vt glrk(Itoh
and Nagasaki, 1995, 1996; Lee et al., 2008). o] &
TFolAE o] AZTEHS AMESH] 2-D AFAIAHE
Rags YAt

AT Ui ST = Fo] AAEH= '
AEAE 7]1& 0 2 319, Ttoh and Nagasaki (1995,
1996)°) 412 vheo 2 47)e) FEat X577kl
AHEY AETHOAE 0] Feldel A%
S-S T2 1o o] AFtolM = Sora-1F
3} BP139] 24 Azt ulwste] ARelA, 25
o2 21079 AFTHI2 LohekAH LY 9).

I 4 AR 7 STl JeR AAdE
Bl 729 2eHEA) HakEel A Ao
dfstol % 23 AR 2 shafo] ot 2 o
22 ARRE AT A, 2oRAE de &
e om Ague BAA Hopisel At of
2 A2 A3 = Atk Lee et al., 2008). o]of w}z} tHH
Ae] 2313 39| AT 50 Maz A=ia) F300]
7 A1%0) At BP1EY| A% BA A2E v
goto] HStATHIE T, 2).

2k 2)24910] thgt SH(lithology), & 4715k
F=HTOC), 718 A (kinetics), =4A]43(hydrogen
index; HI), 5271 59| 92 gk 4] Al2E 24
g2 HE FE39cHCheong et al., 2001; Lee,
2011; Park, 2011). AsHEX|A B34 E A4
30 2UYBE BA) UG 27)0] B4 o2
Al BlAZ(AZ, BZ)oE AAstglem(ad 9), A
B ZELSel digt 27] TOCHS @A 544

TOCZY FdigtEo &% As 1Lste] 1-D
R FA3HA 5wt% S U s) FUch(Daly and
Edman, 1987). =3 HIZEE 2Q9to] 717k BP-1
3 &4 A7 o|A 578~2,610 m F7FoflA 69~
497 mgHC/gTOC7} 4% 311, 2,610~4,060 m
7FA = 36~ 291 mgHC/gTOCE ZAE|17] )
FA(& 2), o]E2] H HIZE? 200 mgHC/gTOCE
dEsl U S T2 AR AEY, AYE
HEHE 2). Z9LY A8 Ak B 1T
A=A 7| X HpE ARl AlktstSirkPepper
and Corvi, 1995). E3t mdlgof ARE-gt e du} ot
Bloli thee] Tho] EAshE o) Hrejsto] T
32 Jeskgon (18 9), FAel s A4
Hx 3] HEAE T AR HHATE v
3lo] 912l Atk (Lee, 2011).

E3lpa 9] o5 TAte] e Allof| tisf ok
A19] B2 (Darcy’s law) o]l 7] 23t ALFAE ARE-31o]
AirefoF shA|RE, o] W& ol AJ7He] ALkE E
2= 3tk weha o] Atolla= Rl ARt X159
HeE 7|20 2 ARl B (flow path method)=}
thA|(Darcy) 9] A& Atshs WHE 83 sto]
B W (hybrid migration method)& AHE-5}
o g&3lrA 9] o] 5-2 2 F 3 th(Hantschel and
Kauerauf, 2009).

o

62 2-D M7 0|5 2E
AgAad 2-D 2Egy Ayk= B2 Y §ZEo]

HAHL iEgse P 5715 S BAE
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B5t ofy g}, ZUUlA "efeao] AT} HlE, I3 102 2-D R Aito 2 dojil edfpa
golead olF AR, olFE g3l A 9] E3f=(saturation)o|th. EI}= T2 ©SfpaTt

A]

a

Fig.
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10. 2-D petroleum system of Line AA’ showing petroleum saturation through time.
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7FRQ A, ol F, AAS BET = Uk A B
ol SR Aot 7149 o] TR YERdH
A9 FsHio] EAShE o oA LUAYRTS oF
2,000 mof| =3t oF 34 Maf§ A Bl 7k27F A
457] A ZZH(E 10b). W& =7F ol A HA
U 2327t FFSFR L, oF 29.3 Maoj|
© YUY o2RE AR 7t HlEE 7] AlE
ATHIH 100). o] F, TLUT Aol =M %
upo] 0 A EjFF-50] HFHo £4)9 iEHEs
F 3,000 m7HA] oL, FAGSNA viEE 4
T A7 SR ISR o] F sl A EE B
wol Hehdrh(ad 10d). E3k 2T 45
AFoz olFHol £ Mfet 7the B5S wet
Ago R olFd Eut ofyzt X SAHAE w2t
HulgFo 2 ol Esks BaE THEETHIY 10e,
-5 49 l E2550] oA Afet 7kA7)
AS7ARS ol THHCRE o]FFoH £X
7H3AE ol %‘:13151 AZ & 4 UTHH 10g). o1,
SISO R olFEHAE AR} 7kAhe oF 72
Mao| @53 AS3AE T3l 49 =25 vlel
LAZ0 2 Ao]Fdt= AHo| TRHATHIY 10h). E
259 vil=o] ALl weh At 7kae Al o

Depth (km)

Depth (km)

Fig. 10. continued.

5310, 57] mlol oA~ Zetol oMol AT §7]
7} 250} 70 o) 5o AR T Ao Belth
2D melE A, A7 A§oh Ak LolmA 9
aho] 24157} 2,500 m o ae] B A1Re] of oA

Dokl AR ol Aoz Sy
10). T3 2UgHEoA HiSE BElpat 22 B
X)W e ko) 3T NS AARS net A
JAFoR o5ste] AAE AL B 4 Ytk
TROIA BT 4 YRo] WEiE 22 A
For o|Fatgon, BEo] FaT o FER o3
2 sk o= Bl

7. E 9|

7.1 Etetpa0| 4H

42HER] 9] Sora-187} BP-13-2 AJ5 7o) A]
&) FAT 7o) Fld vt ek EZE 42t
A9 55 AR Ao AXT Fof-1
3 2715 ME FAT 7EA 0] LA
(Lee et al., 2008). 43} 7}24] 0] ol AahE ]
7t ALY S 2L QS AAEH 7
HAFAIAH BE 2 o] 5 ERIAA Eoh

Depth (km)

Depth (km)

Present Day
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2% 624 7 22HA|o] $171% Sore-1 33} BP-1
T A5 % 72 AT AYA o] wE s
P Hole} ofF AFF Y, B4, £71%
U 5L TR g NFFES HeALUe B
49 Qo PYas 2UL ARY, DAY,
TEEELS B AET Yk EY WMSEE 2
D2 Agato] Hela S AN A, % A
FFS AFARAC mTet0] a9k 742} A
A=t

2} Sora1BolAE AFF Hael o2
TURFO ARPITA o7t wskpat 4
ARAT, 2ULZOIN Boipae vEe el
A YK 6). 2, Sora-1FoIAE ZRAA
W T ST ) BT A 2ot
L, olef wet B BskeAE T 3T
L A7) ool vzol WA e A
2 RUYEh W, BPAFE AEF Hspre of
2] 2ULFO! AFAEAS] mFeo] A5
S X L LU EL IR EER R R

SORRE HWEEH A 7).

T AZBY Baes 44 D EPge o
A hehthe) o) 2ekEAe] ofE ATt B
2 242 QolXwA 12 F4Fo] 912 BP-1E
of 2% Y4=7t B AFgArele] 9118 Sora-l
Fol vl 9] el Ao Helch 1Y 1), T3t
229 FgAelel $IX% Sora-159) HAZL %
@] YA SASATL, e T AZAe] B
7] W hepe] wEpart B EY) olelng
AOR Helth W), BP13- A=Al ek I}
SAIE B olUle §718 YR o} £ AFT
%, 92237t ek vehd 2o 2 gz,

2D B Azo] oJ5tr, ek Mok of
A 2ALYFAN AT H 52 7k} v o]
W52 me 49] AFER o) FEL glo] Helwtt
(29 10). 0|3 2D 5L ATE Eoh=, 4o
BAY §E AL BEAT AT
41712 B2t Selsty] 9la) 2D Dreiael
Shoh Aol 7PN F T sk a™ 9). 1
231 o] /A1 Z] thste] 1D REFE S5k
o 79 112 FMAF29 1D U AukE Hel
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Fig. 11. 1-D petroleum system model of pseudo-well including burial and thermal history, petroleum system chart,

and cumulative hydrocarbons through geologic time.
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Foh ZMAIEE AR ZUUFE OF 2000 m
R20) A4 TA Solzkom, oF 34 Ma:
o Baleas AN ARk ofF, 2edE
2 ZPU YA hBE= 51 go] 2715}
WA 9 27 Mao]) ©8he] o] Hej vieht
o 2Uero =NE ekt HhEE] ARt
g U] 93,000 m F2AA 72 HEA
o EFF ol Belede] Hlo] Z715ka, o 21
Mac] o] 2 tehte 202 Slgc. of
L= o] 7ol £A7} e AGRFo] E] ThE
9 Aom gt 7MAIE3Y 1D R e A
L BPB T B3R A, HhE A Mo} BP-L
FuchEAY F4o) 157 el v
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PICEENTVER T

RE TAYIN A F HjEE] L Bt
Sat JRE o|FRAL R BN TS
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TEEHIH 10). o] A Wol Tda e &
0] g3lkea o]Fl 7Y F83t o5 TEE
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© 2 o] 5 H3lpat EFFo] Al BolHA A
SAAYS Tt +BE R o|F e Bk WE
Hr} 2-D DA Ui 2 9 $golF
FHE 3-D 2dg o g ARy, SAYF 5%
Fo g Tl o]Fo] o]FojZl Ao YE
THE 8). THESoIA AYE B 4o &3t
i B QY] FA4H7] o] - E wiEEH A
O ZUUT el A9 BT HiES AL E AT
E3L B A S0 uiZo] AlLEol wet Ul A
= ekt AR A E D Gl AoR 5y
gick. ofo] njzl 2REA WEEA £t o

il
Eu)

L ok o

e

SlpaE AA7HA] ZYEE Ulo) Hol & Aoz
o},

2-D ndls] A3E Aw B, TUYZA wiE
o] o] 58 Bl at &2 1A Y oto] 2.4|9] A
FUZ 2R o] F3AY, 270l w2 ¥ w3l
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