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Geochemistry of the hydrocarbon gases in the Pohang Area
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Abstract: Chemical components of water, chemical and isotopic compositions of extractable gases were analyzed to
characterize the properties of the natural gases which are dissolved in ground water in the Pohang area. Amount of total
extracted gases ranges from 27 m//l to 50.1 ml/l. Hydrocarbon gases are composed of methane (27 ~376,420 ppm) and
ethane (19~ 127 ppm). Amount of total hydrocarbon gases is related to the lithology and geological factors around the
reservoir. Quantity of hydrocarbon gases tends to increase in the Tertiary reservoirs and in the reservoirs where the
Tertiary formations are thick enough. According to the relationship between hydrocarbon gases and total solids in the
ground water, it is believed that the hydrocarbon gases were dissolved in the Tertiary formation water.

Based on the methane content (>99.9%) and isotopic composition (8C'3; -73.1% ~ -43.22%), we interpret the gases to be
of predominantly biogenic origin which were generated by the methanogenic bacterial processes under the low temperature
and anoxic conditions.
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X 10° m?, 857 X 10° m’R AXEE 84 7k g
gt vt A2 19604t 7E sidg sl Utk (Marsden and
Kawai, 1965). =jollA] 874 7kl tist A= =24
Tao AFzle] Hx2 Y= X dule] 84 TR 4
E, 3 2 EEE 9 0 Ao &BE 9, 19%). & A7l
Me AATAS A7 Ao aTHAYE AEEEH B4 e
Artsle 23 ddjel] BXde "dsled 7R B4 ¥e|aL
A ERY &, 28 A9 e o) Sl gaead] AR
R FFE FIE B v vk FHde £42 S
A 729 719 2 BEAS 983 84 B3 7ie] g
s A3k AR 2 Fd AFde] d3dE 1A

23 XY duie] AAL webr] Fgdge] BHYRS ==
AF SR B SR Elil olEg TR ¥ U= Al
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3 J—g Btk @AFE <], 1996). Yun (1986)°] 2latd ¥3 &
29 A7) AFL A AR L5, T 2 FEFO 7
Hrh A58 G452 o] AFH o] FAROE Fo|H FE 3
A Ao} ALYt gzl AEQ] F2o8 FAE 0] EEH -71“
2 8A ME =59 AFgATt Bxdvh A g4 A
FHoR Fo e FAFL F2 o|g Al wEFol 3}
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Table 1. Chemical analysis of water dissolved natural gases in the Pohang area
Sample Depth Geologic Total extracted Chemical composition Remarks
No. (m) age gas (ml/l water)  CH,(ppm) C,Hg(ppm) Cl1/ XCn 313C1(%)
Wi 600 Cretaceous(?) 40.0 35,173 19 99.95 n.a. Al B
w2 420 Miocene(?) 34.0 34,800 0 100 -66.73 g3 Z2A+
W3 280 Miocene 33.0 5400 0 100 -65.61 23 WA
w4 200> Miocene 354 328,175 54 99.98 - =3 4+
W5 700 Cretaceous(?) 27.0 8600 n.a. - -59.73 ArelAaA
W6 120 Eocene(?) 294 27 na. - - Al &
w17 660 Cretaceous(?) 33.0 79,583 20 99.97 -43.22 W=z}
W8 170 Miocene 50.1 376,420 127 99.97 -60.36 =gl
W9 200 Miocene 39.0 114,767 19 99.98 -73.10 ALY FHA
w10 260 Miocene(?) 30.0 330,800 na. - -52.32 FAEEAL

n.a.: not analysed

o o} ™ 7E=E £7] @ 2R (28 2; €. XY
7t 8] @9 YHE HolEo2H £7] @2 olFAAHIL
7t EolE FAPIE o]&3siM 7k AEE AFHA EAIE
art.

7h&e] gk g AES B3] gsiMe FAHAEAL
(Hewlet Packerd)] HP 5890 II 714 AZrlEIe)ZE ALE3}
Ao}, ©sra 7kRe] RS Rl Y BAE L9 (Plot
fused silica column)S AMHG-FTH (Hel: 50 m, W7E: 0.32 mm,
FE F: 05 um). @3k5a 7k BA Al JA ZBeiED
gz FYUF 2EE 120°C, AE7] EE 200°CR 78 A1
I B & 27 100°CoiA] SE WEE21 150°C 7HA]
5°CARESRE F2A715 150°CHM B &AL 583 AxIAA
o} BEleda shxe] A HANE A BFE JkE 271
(ScottyAFe] EF 71 ARE o] 83T B4
TEE AF (99.9995%)S ©4-5H5Th.

He 7k2e] B4 FHYA S5 daiMe FHAEARY
6890 714 ARCETE, 37t v)E (Finnigan Mat) A}] A%
3} ¢ FYAXA] (GC Combustion III), Delta plus7} 94" =
A4 ZBEM7) IRMS)E ol &315th 71=e] £l flsiA
= Bl Molecular seive 5A) ZHd-E (PLOT Fused Silica
type, 2°l; 25 m, W7; 0.53 mm, BEFA; 50 um) o]-&31H
ol Wes die 2R 2ozt A7) Wi 1 2ZeA
= F HZ7F AAM Z=3P17t oyt wige] Ak A
of AR/ FYD A 4544 ulE SN PHo] YT
A7) & g4 THYA vE9 Yo Bt A 2
A9 WEE HIEA] W2 2%oA] Eelslajof 3t & wgk
<= T2 50°CTH AlFRIA 271 Az 108, 300°C 714
£ 500CE 5247 & AT w57 E AIZRE 108 F3U) 7+

2 FAzrtgEa e oM EdE F 4ksl 4L Ag 0B
(combustion oven)?] <5XF 940°C, &Y 2EE (reduction

oven) 600°CE =2},

7pzke] Au|E 9lo) 2102 o] & AEeA sk A=
nlEI T AEE SR THe SHEEN gslart 2
252, 28 Zzel galrae A8 QR AstEn, 3

A oA Bgdd A4 dides 52 ggsle] ZF o4k
kA= vl Fof] U4 fEoE F94 AFENT] (IRMS)E
FAs] BAh YA &S SN 71EEES NBS19
2 vl 243 KRISS-100C RM o|43lekAs AN g3l &
A 2= 1S0 AFAUE s e, 95% 41257elA
o} 0.4% A= Bk, |

eslrd 7o) A3 AR AAE Holstua IR A
el AR BAS AN Xolee AR BAe ARET
#47] (Atomic Absorption Spectroscope, AAS)S o|-&3lo] 4
Asign.
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Table 2. Chemical analysis of formation water from the Pohang area
(ppm)

Sample Depth K Na Ca Mg Fe CI SO4 HCO;- T-solids

W2 420 346 314 4.82 079 0.02 206 23 516 884
W3 280 1.68 215 3.04 057 0 176 5.87 264 564
w6 120 103 79 296 0.05 0.04 232 267 715 258
W7 660 17.6 2430 592 273 0.1 3464 253 4833 6464
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Fig. 3. Variation of hydrocarbon gases according to content of total-solids.
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Fig. 4. Relative abundance and isotopic composition of the hydrocarbon
gases in the Pohang area (after Tissot and Welte, 1984).
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AFTAM AHT AT FAHE (T-solids) FHFES A1+
Ao wepa zlolrt ol £ ZeRold 6464 ppmOE
7V BT A% oA AdelAE 258 ppmOE HAXE e
o (F 2). AskE B Al gelea sk ARG
o) Aspeel Folgle wskeae] B} Askrel B VRE (T-
solids) -2 A= Wgske Ae= vt Y 3). 5 #4=

et A AN ABgel HolAY A ASA At
23 AEse] A9 SOl sl A%t S Aeje] Asis
o s 7ime] YBE FolE RO BT Bk 7}
29 t42 2 34 AT BAS 18 ¢ 0 Y Ade
S8 Vet A7) olEelN AgEo ojEule] e
AR5 AIFOR olFH] AF5e] Ho} UNA Aoz B
v,

Jt2ol gE

F3 NG Ao Holle waled i RS Hge] o
HES ARety FEv 27 ppmol A 376,420 ppm7iR|olH ot
(C2H6) AEL dF ABEANAT AEHAYL FEE 19 ppmollA]
127 ppm 74 JERtT (1), F ©3bed F W] E@aH
E 49 AR BF 99% oldom AP A4 sk
wEAT @ 4). A7keE A 7R 100 milol] AR §
=4 5 e AE (gas liquid vapor)©] 1.3 [ ©)3} EF o
Qe B3 7HAZ (Hunt, 1996) 97% -©)/de] wgh 7tA=2
0|20z 7kx= AT} (Tissot and Welte, 1984). T3t A4
7tee AR 719 7kl AY Z2 "sked Al @A F wE
AAIZ (metagenesis) AN F2 AAEE Belra 7o)
t} (Rice and Claypool, 1981). & X|&e] A|37] 44 HH
29 €& g dAE iy & 9 (01F9F 9 1997, Kim,
1990) A|371%el 2 EX3h=z 784 7k2e € 7)Y 7k2Rg
= AE 71 7R sk 2ol it

ek 34 dEdeohs f71ES EiATE AAA F2 1)
e AAls= 0% 4EA AT (Tissot and Welte, 1984;
Rice, 1992) ¢ A7l 9shd & o&t 7kax A=
Aoz UFA gt o] AL g 7kxel A wFZEel) o)
A saizto) o]AS Holed Fe] o) o3k ¥4 o
Blglolrt Baigolr AWtk BSEAU (Vogel er al., 1982)
HZole old g FH AYE 43 AF AendHE
(ethanethiol, ESH)°I\ Tlold -8 (diethylsulfide, DES) &
A5 Balshs oA we A4 FEEobrt dig 7kAE A
A3k Zo] wsAT (Oremland er al., 1988). T3 2|H9] o
R Ao 2E dertae XY Aode) YEE/IsHTE
A A3 38 Igshs ARc] Bol dEdE Ag EuE B
o E|FF 9, 1997) FAe] ehdo] 2A YHoZ Aekdr)

7t2o| 71¥

Wsh 7has A4 APIE 2 719 wet BRe 2
A& 719 (biogenic, bacteria)@ & 71 (thermogenic) 7F=E
TE & 4 Ut} (Faber er al, 1992). ©} ¥ 7}A] 7k29) A4
< EF {718 AT 2A7 ded A8 71 ke )
Aoz e 2 (dA &% 50~75°C)lA Hgk A4 HiEige}
o 9slx gslrd Zka7 AgEe Zoln (¥ 5 olFF
1998, modified after Tissot and Welte, 1984) &€ 719 7}&e
Had & 2LoX {7180 Eoll s Eal=o] (thermal
degradation) -5 2 7}2F AR oA A=At MF
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Fig. 5. Generation of biogenic and thermal hydrocarbon gases as a function of
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Fig. 6. Carbon versus hydrogen isotope ratios in methane gas from various
origins (Rice, 1992).

o A7 (cracking)dl HAsiH H3 APATE HelM Mz 7
EHU} (Tissot and Welte, 1984).

AENY 7ie dg A4 e Zolrt ARERE 7] 9
A F71EE Blshe 49 Ao AP 7tAE A
W 7hiEE& ¥E  (microbial fermentation, CH;COOH—CH,
+CO,; T2 ofHe|E) F olitsigtiel #49 (4H,+CO, —
CH, + 2H,0) 22 FA 72 & F Ut} Rice, 1992). AE
719 7t29 g2 vg Ay dedolrt Fiaa 87
(anoxic)llA] olatsigtig FAAFIHEA AFET dR= v
o7} 712 (substracts)S BIF=EA3} (decarboxylation) SFHA]
A ET} (Whiticar et al, 1986). oJu] 2egols 7HH & 5H¥
A2 AF37] W (’C Erhk= 2C, Deuterium®Utl= H) g
ol ojs) Ada Wig 2E e Zo] Bl (Humt,
1996). Z-& AE 719 redAEs ¥4 d7tiE] mEbA <
A B9 vy} gEAE d2H o)akslerio] Sl o3t
AE71Y 7120 3%, ©h FHYR vlE WAL (55~-110%) 5
For Be W (8D =-150~-250%) ZEol 23 7pxe A
$ollE ghAhe HlRE B (40~-70%) SFAhE 9k D=

-250~-400; ¥ 6; Rice, 1992).
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Fig. 7. Carbon isotope ratios (813C1) in methane in the Pohang area (after
Tiss- ot and Welte, 1984).

g 719 TtAE f7180] A sl EEe] H4u AE A4
ke A AAEE JHER L7t 75-150°C0] 12 AE
oA Afet FHEHAY AzdozRE AY APHE 712
dZEet. o)F dutF oz {71E9] ulE Zol7t 4 AZHE|
Tgske A AVle W) o= o EHEL Eo] wA
Wt F=g, Frgo| At Adst Fgo] dojuim AzA
& AF 2 AMACIE, #ut 7IAER (F8 7S, C-Cy BE
Ht} (Tissot and Welte, 1984). o]A HW 7Sl 2siA A
B g riae AEVY 7kad vEs FAL FUYLLE A
doz go) Eisle] U HE o] thh ¥ Yepd
th o]#H olfeM AE 7197 & 7Y 7RAE TS dhn
o] FEE ¢ ded HEVY 7 v 59 die
(8C) -40~-90%°1 ANFHL & 719 7k A9ole -40%
o]al= ekt (2™ 6; Hunt 1996). FFERAUIA|Z: DA7F R
HHH HEZUoIE HRAPE, Ro=1.3~20) olv] AA4E 454
ol QlE AZAA g4 3 (C-0)Y AHF Aol Fed
A HBA Mo A4S SAER 7R S FH3] B
drh, AfolA 2T =AM AR ke Afdls Pc-Bc B
the 2C-1°C o] 7iod #Eo| 7] "o i §C 3t
WA vehdt) old @4 wiBo] Af 1o} Afolx] AAE
g 7b29] §8C ol 4~25%A = @Al UERdTH (Sackett,
1978).

¥y N9Ge] 84 i 729 vh 994 ¥ () &
A3E AFHS A mepA] Zolrt drh, FUT Ffd A
B (WOl 71 71812 -73.1% & Rolx &3 =gkl AR
WHIME 4322%9) e VeRich E4E AR FoM
=z (W7)ek &4zl (W10) AIES Aejshis 25
ol AE 719 7k AL Bt (=¥ 7). 22 99
A8 AE 719 7kE el FleAa L 27 TAle] E 7
A 7kt G EFE] e AoE BT A3 FE
g e AErt AE5E @ 5994 0 @BC) #el &

o EF e vehhs Zle= Hol HHZS HshE A=
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Fig. 8. Variation of carbon isotope ratios (5'3C;) in methane with depth in the
Pohang area.
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= 2% d71d 7k28 AR ltke Ze Uehdih. S,

ol wetA AYEZE 7t FEAIA LY 27) SAle A
e Wlg 7kaeh E-E0] Q7] Wil §YC, kol i
Ehd Aoz sMET ¥ 8). 22y € 719 TR e
G4 Foda Hlel FFe nE e A dsked o 2
He XY A f71E8Y € A% AV vEE B 4R A
wAle] 7)o sBEThe 7IEY AT dRgt} (0]FF 9
1997; Kim, 1990).
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