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Geochemical Characteristics of the Hydrocarbons from the Block 6-1,
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Abstract : Seventeen exploratory wells have been drilled in the Block VI-1 of offshore Korea, which is located in the southern
part of the Ulleung Basin. Gas show has been recognized from most of the wells, and gas and condensate have been
accompanied in some wells. Commercial discovery of gas, accompanied by condensate, has been made from Gorae V well. The
reservoir gases of the Dolgorae [II, Gorae I, and Gorae V wells in the Ulleung Basin mainly consists of hydrocarbon gases
(>93%). These gases are thermogenic wet gases which contain more than 96% of the methane and result from the cracking of
petroleum or kerogen. Based on the chemistry and composition of the gases and stable isotope data, they seem to be generated
from different source rocks. The condensates from the Gorae I and V wells are mostly generated from terrestrial organic matter.
Lacustrine organic matter may not play an important role for the generation of these condensates. The condensates from the
Gorae V wells consist predominantly of terrestrial organic matter but with minor subsidiary input from marine organic matter.
The condensates from Gorae | and V wells may be generated from different source rocks. The thermal maturity level of the
condensates from the Gorae V well ranges from early to middle oil generation zone and condensate from Gorae I reaches
middle oil window. Correlation of the thermal maturation level of the condensates and organic matter in the sediments reveals
that a depth of the generation of liquid hydrocarbons can be inferred to 3,000 m and 3,900 m for the Gorae V and [ wells,
respectively. Gorae V well, however, did not reach the target depth and the geochemical data of the Gorae 1 well were obscured
due to the severe sediment caving in.
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Fig. 1. Location map of the Block 6-1 and exgloratory wells.
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Table 1. Composition and origin of the hydrocarbon gases in the Ulleung Basin

hahras] el 54

Gorae V Gorae V Gorae V-3
Gorae | Dolgorae 111 DST #2 DST #3 DST #1
Methane 89.83 95.97 90.39 90.81 84.19
Ethane 5.82 3.80 4.14 4.1 4.00
Propane 2.79 0.05 1.95 1.93 2.40
Iso-butane 0.77 0.07 0.43 0.42 0.77
n-butane 0.79 - 0.48 0.48 0.76
Iso-pentane - - 0.18 0.16 0.38
n-pentane - - 0.11 0.08 0.20
Hexanes - - 0.17 0.11 0.09
Hexanes+ - - 0.13 0.02 0.06
Total HC gas 100.00 99.62 97.98 98.11 92.87
ZC,/Cn 0.90 0.96 0.92 0.93 0.93
Co, - 0.38 1.75 1.64 0.26
Nitrogen - - 0.27 0.25 3.61
3BC -38.80 —42.70 -32.37 -36.39 -37.26
Methane
8D -121.60 ~225.40 - - -
Ethane 81C -28.57 - ~26.92 —28.92 -
Propane §8C -28.19 - —24.54 ~26.89 -
Depth (m) 3,088-3,120 1,359-1,370 2,427-2,470 2,376-2,394 2,156-2,167
Origin Thermogenic Thermogenic Thermogenic Thermogenic Thermogenic
Stage of Catagenesis Catagenesis Catagenesis Catagenesis Catagenesis
evolution (oil & kerogen cracking) (oil generation) (oil & kerogen cracking)|(oil & kerogen cracking)|(oil & kerogen cracking)

100%2 =Fx]3l3 ¥] &8l (non-hydrocarbon) 71== 8% ©]
slo|t} (Table 1). £3] 2] 53¢ AFSAAM WA 7tas &
o] 1,085~1,109 BTUAPE %2 7108 EAMEL salea
7h=o] 2L *I%%Z— A ARF 4ol mepA] ekte] XjolE

BolAgk BE AlFFolA gk (CH)el To] 84.19~95.97%2

TE ARl HEiA %%o] SAISHA VHEFR L, e s FHekol
T2 AL A= (CH)SZE 3.80~5.82%°]T} (Table 1).
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th(Table 1). §4712E HA7E2 100m® Wl dA2 22

¢ U= AE (gas liquid vapor)o] 137 o E3ES Qe &
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Table 2. Variation of 8'*C of CO, from different sources (Hunt, 1996)

Source 3"°C (%)
Thermal degradation of organic matter —8~-12
Thermal degradation of carbonates +4~—5
Bacterial oxidation of methane —20~-59
Volcanic degassing -8
Atmospheric CO, -8
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Fig. 2. Relative abundance and isotopic composition of methane in gases
from offshore Korea.
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Fig. 3. Thermal maturation level of reservoir gases in offshore Korea
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1984).
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Table 3. Geochemical parameters of the condensates and source rocks
Condensates Source Rocks
Parameters
Gorae | GoraeV #2 GoraeV #3 Gorae | GoraeV Dolgorae Il | Dolgorae V-1
Depth (m) 3,088-3,120 | 2,427-2,470 | 2,376-2,394 3,940 2,555 3,190 2,220
n-Alkane Peak Cp Cs C Cyy Cyy Cyy Cis
8¢ -27.1 -274 -27.4 n.a. na. n.a. n.a.
API gravity 42.7 51 53 n.a. n.a. na. n.a.
Aliphatic 65 34 n.a. 41 33 32 35
Composition | Aromatic 34 61 n.a. 16 27 26 33
NSO 2 5 n.a. 43 40 42 32
Aromaticity B 2.13 1.78 1.58 na. n.a. n.a. na.
) Aromaticity X 2.69 1.19 1.09 n.a. n.a. n.a. n.a.
HydLrl(l)gcztrbon Paraffinicity F 0.25 0.31 0.31 n.a. n.a. n.a. n.a.
Paraffin Index | 0.985 0.92 0.93 n.a. n.a. n.a. n.a.
Heptane Value 12 13.32 13.08 n.a. n.a. n.a. n.a.
Pr/Ph 6.63 6.7 6.5 4.4 1.3 3.79 2.42
Pr/nC,, 1.28 1.19 1.19 2.12 7 5.16 2.42
Ph/nC,q 0.22 0.21 0.22 0.43 0.6 1.07 0.76
CPI 1.4 1.14 1.14 1.26 1.2 1.62 1.30
Oleanane Index 60.7 45 38 57.5 50 37 n.a.
Biomarkers Ts/(Ts+Tm) 41 24 n.d. 56 24 35 30
%208 C,, Sterane 50 37 45 55 32 33 45
C,, Sterane Index 0 7.9 4.3 0 n.a. 0 n.a.
?;;jgf;\la(/)rdia) Index n.d. 62 64 n.a. n.a. n.a. n.a.
% Regular Sterane 24-27-48 29-24-47 35-21-44 22-15-64 25-19-56 21-24-55 24-20-56
4-Methyl sterane Index n.d. 0.1 0.1 n.d. n.a. n.a. n.a.
n.a.: not analyzed; n.d.: not detected
G AR ol PR o] i SMePl UsE vl 4%moh e 33 £3E0] Yt AN 5o 2EEs
g Bol Fiste 29gdM FAHAAS sHedel Ao g FYOR 3NT ¢ Tt (Table 3).
(Cooper, 1990). ZEAT gl FRFE A8k 4SR5 I 139 A AT (3,088~3,120 myollA] A= AW
&2l 24/(27+24)-nordiacholestanest C,, 2:E{dto] AEEHE 3 AolEx =% 4%t 5 C), = &7 93rt 7P A Al v
< fFE fFr1EC] HAAAMlES ket 7ARE e ESal 7P BAE RS CL,E T 53] AdejERTe
AYZ}eie) (Table 3). 3 SERE Cpp 00 w4 Z2HE HAET FAE AdEEe] Bel i e ZAoes Yesth dslea
YERY w Hol) (transitional zone)ll Bl=A 717 $RslEE B = Z3Eslrs SHHIE 65%, WS Eslrss 33.8%,
F47149 F7129 o) mig AT 7hed #4719 #7) 22|31 NSO AE2 12%F 3 533 vy 2 vlwa ek
2o dF FUE ALE B F AUrk(Fig 5). 2EAT e = galra gRo] A3t (Table 3). F2 Za|2=H|Ql/do]H|
TEHANEAl, BaolRA] 54 34 HHEAN HEhie 4- 1ol Hleh Ze]ZHIRI/nC,,, FelHIIMC, H5-S LAY W A
methyl steranec] A9 UEPhA] e o= Hol 34719 §7) dAo]EE AAs AFe F= g 1 vass 7188 X

Eo] ZdAo|E A dae nHSAE ofiEo|t)(Table 3).
T2 559 A AEEE B9k #3004 AFHE HellAolEg)
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(Ts+Tm)] 5FH 3Lef 53 #3 774 Aol Ex F Mf44
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W RERE A4l 93 Aoz T & AT (Table 3). He Zege oA o=t} (Fig. 69 A, B, C, D)
HISH S =Zelet-2 Chy|

) 239 F&4 0FH e BAE A 173~419 6-1 7ol AFLH AR AERS[E B4 Axe] 9
ppme| 3L, F2 WA FelE AoE FES JehlX &% s ol Aot ol . ZelE)l/molE|Q) HE vim
th 228 3, 3-1, 3-23¢] ABdA FEE T & diF 7 FobA WRES AlFoAM FEF H|Fde] FE 4 /)4
2o BA g7olA 500 ppm o3tE A JeRddth (Fig. 6; 1, F71E2RE A" AYE eI (Table 1). 2EEH} =g

J, K, L), ey S8 3-139] 2,600 m 3] FelAE F ZH91/nC,;, TOlHIQ/NC, B3 3Pd 2 1, 1-1, 12 AlF
Z/d f71E2] <ol B 500 ppm o) FOE VERET o] F3F HAES FE W 78S T¥she 208 Jeya
o

o4

ANME Rock-Eval F8-49] S1 % v|wd A4 Jehez o 0] AjFe] AR olAM s ZRIT HEE fY8 &
5 M E A w@3lea A 2 olF 7REAE A A& BT (Figs. 5, 7). ©|#g AER73E S 953
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HAR 51 5139 7 FeME FE2H fU1E] Yo HAE 75 S AlAkE

Hwd golx gsleie] ol 7HeAlS UElZIE dit) (Fig, A7 sRMEe] gAdsE ARl 9 T | AlFEY
69 E, F). 81 789 F&4 #7189 e S 229 AFZdA BhE AdAolEr TE 130 AFE XY Ax
N&Zo vlalA vl23 =} (Fig. 69 G). £3] 2,000~2,200 m 3,900 m HIFde] dAdsAf &
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Fig. 6. Variation of soluble extract with depth in Ulleung Basin. A:Gorae 1, B:Gorae 1-1, C:Gorae 1-2, D:Gorae 5, E:Dolgorae 5, F:Dolgorae 5-1, G:Dolgorae
7, H:Dolgorae 1, I:Dolgorae 2, J:Dolgorae 3, K:Dolgorae 3-1, L:Dolgorae 3-2.
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