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Coalbed Methane Potential for Korean Anthracite and
Possibility of Its Utilization

Suk Whan Park*

ABSTRACT : Coal is both source rock and reservoir rock for the coalbed gas. Coalbed gas is predominantly methane
(>95%) and has a heating value of approximatly 1,000 BTU/ff. Most of methane is stored in the coal as a mono-
molecular layer adsorbed on the internal surface of the coal matrix. The amount of methane stored in coal is related to
the rank and the depth of the coal. The higher the coal rank and the deeper the coal seam is presently buried, the great-
er its capacity to hold gas. Most of Korean Coal is anthracite or metaanthracite, Ro. 3.5~5.5%, and total teserves are 1.6
billion metric tons. The domestic demand for coal was drastically decreased and the rationalization policy carried out
from 1987 on coal industry. Now that a large number of coal mines was closed and only a few mines (11 mines) con-
tinued to produce not more than 5 million tons for year. It is therefore recommended to formulate a strategy to explore

and exploit the resources of coalbed methane in Korea.
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MERSO) BRE HEIA
HIETIA J|fA2 2 A HELE

Ay 7hae Mg S9EEQ AEdo] @ ¢
Y B gaAds dHEY ol siae dw
(CHY), ol4katet4 (COp), AA (N 283 8 (HO) §
oz A o]F wgo] 95% °1Fo2A (3% °lste]
N2 CO,) 729 Fake <k 1,000 Btu/ft*o|t} (Table 1).

el dge Y58 7149 og (biogenic me-
thane)¥ 94 7|9 W& (thermogenic methane)> 2
TR A2EE 7)Y vege gakzr19] 50°C o8
9] EE e L ARAAN §7]E i vAYE
B ztgo) o&] Asl=d ©18 "marsh gas' Sk &
o F2 Egtou} ZeeA Rt 43 719 Wa
Bl e AReA 50°C o) o2 =7t gl u
g s e ole 718 HAEEA AFE Helrt
227t A AEHBA g 24 28 FriE e dd
AL 150°ColA] HnE o]t AR 74 vg
200°C7HA 8} L2244 Fdol A== AA g 10%
AxzA el g Fsted & 719E A
Atk (Fig. 1).

o} g} o] wEzelE ©alel FPol me} A& UAH
£ g ge] 71t B e G geln wig
w4 e Bl x A4E 1 91t} (Table 2).

ol4d3} o] vgrtx BAZRTLE WAH It HETE
ZolxiA AgAel SFHANE @37t 52 48 (high
rank coal)o] B& A3 2AE 2t Aot =g vgk
FNEERE DAE7] Yo} Hehle] sEde] 2o
v ko] FolEth J2u YviH o2 wslIg A
SAE s vgEe AR Y7 dAE deE
o225 Mg zllo] B & e & 2H8n it
(Ayers et al., 1989).
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Fig. 1. Generation of gases with depth, C,+ represents hy-
drocarbons heavier than CH, in gas phase, N, is generated
initially as NH; (Hunt, 1979).

Table 2. Approximate gas generation by coal rank.

Coal rank Methare Total of methane

(m’/tor) (m’/ton)
Lignite <20
Sub-Bituminous coal <20
High volatile bituminous coal 20 20
Medium volatile bituminous coal 84 104
Low volatile bituminous coal 68 172
Semi-Anthracite 24 196
Anthracite 28* 224
Total 224

All data source: Karweil (1969).

o AT B F2AE el c]FEHI|E @t o]
& A7k~ (lost gas)2) e Figte) H¢ A 71
22ke) oF 10% =¥t} (Table 3). 3 &2 &3l
o} Ao whE widrts $asE i Airbs WE §
2 FAgke] AN AN Az Frle] o

0\__

Table 1. Composition and heating value of coalbed gas and natural gas (vol.%).

Source Basin CH, C H, Inerts' 0. Btw/f’
Pocahontas No. 3 Central Appalachian 96.87 1.40 0.01 2.09 017 1,069
Pittsburgh Northern Appalachian 90.75 0.29 - 8.84 020 973
Kittanning Northern Appalachian 9732 0.01 - 244 024 1,039
Lower hartshorne  Arkoma 99.22 0.01 - 0.66 0.10 1,058
Mary Lee Warrior 96.05 0.01 - 345 015 1,024
Natural Gas® - 94.40 4.90 - 0.40 - 1,068

Notes 1: N,, CO, and He, 2: data from Moore, Miller, and Shrewsbury (1966), and all other data from Kim (1978).
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Table 3. Coalbed methane desorption data averages by rank.
Coal rank Lost gas Desorbed gas Residual gas Total gas % Number of
0al ran (m’/g) (m’/g) (m’/g) (m’/g) Residual samples
Anthracite 0.98 8.10 0.61 9.69 6.31 9
Low volatile Bt 121 11.97 0.25 13.43 1.86 21
Medium volatile Bt 133 6.31 0.32 7.96 4.02 22
Hight volatile A Bt 0.21 277 1.38 4.36 31.65 217
Hight volatile B Bt 031 2.01 047 2.79 16.85 86
Hight volatile C Bt 0.12 1.09 0.07 1.28 5.47 42
All data source: Eddy et al. (1982).
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Fig. 2. Adsorptive capacity of coal as a function of rank
and depth (Kim, 1977).
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Fig. 3. Estimated maximum producible methane cotent by
depth and rank (Eddy, 1982).

g 7t (Fig. 29} 3).
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Fig. 5. Correlation of gas storage capacity between coal reser-
voir and sandstone reservoir (Kuuskraa and Brandenburg,
1989).

o2 WEHL YrAE Agdudl Radn (Fig 4).

S duehd s 9 FA94S 23 o Ag
39 Frgd A8ye 29 Mgsith aga ul g
2 WEEHA (internal surface area)E 2t o] Hgk
ol AAE & Sk YL B Holo g A A
2 At A FehEc) 2~34) 2t} (Fig. 5).

A2 AFgst AgE: AFLTe] apo]x-& Table
4¢} At

Aerzudle] Wge 371 Fe2A Rado (1) ¢
Bl s YEEW = ERTRW (2) 3=
(pore) E= @ (fracture) 9] free gas2A4 (3) &
Uiel Askediol g3E AelEA B} (Rightmire,
1984).
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Table 4. Several significant differences between coal and
conventional reservoir rock.

Conventional

Coalbed reservoir .
reservoir

Permeability Stress-depend Not stress-depend
Compressibility High Low

Effective porosity  Low (including only ~ High
the macropores)

Density Low High

Young's modulus  Low High

Gas in reservoir Adsorbed in Free state in
internal structure pore structure

All data source: Steidle (1966).

Table 5. Gross open-pore distribution in coals.

Porosity distribution (%)

Rank
C (% daf) <12A 12~300A >300A
Anthracite %038 750 131 11.9
Low volatile Bt 89.5 73.0 nil 27.0
Med volatile Bt 883 619 nil 38.1
High volatile A Bt~ 83.8 48.5 nil 52

High volatile B Bt 813 299 45.1 25.0
High volatile C Bt 79.9 47.0 325 205
High volatile C Bt 772 41.8 38.6 19.6
High volatile B Bt 76.5 66.7 12.4 209
High volatile C Bt 755 30.2 52.6 17.2

Lignite 71.7 19.3 35 772
Lignite 71.2 40.9 nil 59.1
Lignite 63.3 12.3 nil 81.7

Modified from Gan et al. (1972).

Aehlle] 5 458 FF (fracture pore)d 712
3 (matrix pore) 22 EAlzl=t] 7|48 F5& AdF
vlo] g HRsel oS & 9%E £ ol FFL
Arlel ey FEEEE A7 500 A ©]3¢] macro-
pores, 20~500 A<l mesopores, 8~20 A2] micropores 1
2]31 1 A ©]5}+e) submicropores (IUPAC, 1972)°]t},

A gk aperture-cavity type?] &3& 2t 337
B vy wel #4954 (maceral) £F oebA o
2o}, B3yl 224 (BHEE 9AE o) mi-
croporeZl AAISRe Hlgo] EoE APl SloH
(Table 5) TRER FolMe HEUC]E (vitrinite)7}
micropore®] WRE-S 23 (vitrinite; A7 20~200 A,
inertinite: 27 50~500 A)Ih (Harris, Yost, 1978;
Harris, 1979).

¥ ¥ microporese Bt} B2 surface aread i3]
o] F3tg 7iag Egn BET] & 9gL A
ok a2 e HEUo|Ex B} B2 dg Aitsy &
zt3 e}, AA| 2 Western Canadag] Gates Formation

Table 6. Coal surface areas (N, adsorption).

Fixed cartbon  Surface area
Rank content (%) (m’/g)
Lignite-Medium volatile 76 1
bituminous
Medium volatile Bituminous 76~7¢ 10
Low volatile Bituminous 78~8% 10
Low volatile Bituminous- 83~92 1
Semianthracite
Anthracite 92 5~8

Data from Nandi and Walker (1971).

o] 3% B9 &Eo|xX % bright band (vitrinite7} &
)M 850 ft*/ton7} 44448 wl dull band (inertinite7}
BB E 570 ft¥/ton AAFE% Tk (Steidl, 1996).

e B {58 2 ¢S T Ag3Hy WEEd
AL HE §AYRTF (coal rank)@ FEEH whet A
et SR A /MY 2 BAd”e] 2 o
9 Z=7|E M (Table 6) FAEZ NN E B EL] o]
E (vitrinite)el A 7HF =21 (204 m%/g) AolElU el E
(inertinite)olA 713 ¥tk (36 m?/g) (Steidl, 1996).

o]8} o] Mgt FAEAZHA =2 o|E (vitrini-
te)e TF27], WRERAFY] ol vg B g
Z2AE 7bn Qioh T3 G359 AR PR A ofstd
TFAEAZF tgke] FAC)E (fusinite)F FHE FAIU
(fusain)2 B} w2 veteba s 5835)7] &l vigd)
Abol] Tgo] Aok ok

HIEtA MAEA

Ag2o 2 HE e Aoz A e
Aol a3 el g Ao F/IAT £
o)& AghEo 2HE R 3] A} 4F Ve
o] a7drh
ol VeSS4 Hezoaigs Ay vk
Z, 221 @A FL B4, 28 ke Ghe &
3} o]9] AFAHQ] &9 Folth

7= A s e o e o] sxAle] & AA
A o] Fo]At} (Fig. 6). AA: @& E9] URFEH £}
2302 Holgle vehs BN, EA: GHEER-
B "olx & MeEe cleate] =38 w7tz g2 ES
B34 A, AR o5 Wt cleat TE IFAE
B8l §-Edle] 712 d 23tE o] AAtdTh

Ao 34 v & (B2 3839 834
2, s EA e BHE AAE et S FEI 525
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Fig. 6. Diagram showing (A) desorption of methane from
internal coal surface, (B) diffusion path of methane through
coal matrix and micropores, and (C) flow of methane in the
natural fracture network (Rice et al., 1993).
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Fig. 7. Idealized coalbed gas sorption isotherm showing re-
lation between reservoir pressure and gas content for a sa-
turated (A) and undersaturated (B) coal. Heavy solid line in-
dicates the maximum amount of gas that can be stored at
given reservoir pressure (McElhiney and Koeng, 1989).

2 Axs} &4 slagasde A o] F3E
vigte] W& e g2 steiAle g AR A
FAch Ao 7l = ¢Fe e diEoz v
& 719 (=15 psia)ll 7P AERE AzdEE o] 98
) WEEE st e 7 HeEe] Ze R '
% 520 o] Aujert (Fig. 7).

Aehfiel AR 98 T34 (fracture porosity)<
cleatd] 913 AT cleatol e A2 A9 £24 F 79
cleat set7} @@}, Face cleat® 9 cleat2A 1 &
o] <z e uks butt cleat® face cleat®} face
cleat AllE AL FHog AANAFTT. °lg 2o
face cleat®] @FA4el FEsl7] Wi 7tx ik AF

AFe olEd] FAoR BUE A4 FHCE &A=

R} Aol 25~108 F= F7HETH (McCulloch
et al., 1974).

A 7}27) cleat BE G =AEHW o] d3AE
3 dgke] 582 A7t FulRA ¢4F Alold o3
olE3lA ¥}, olm o] AL Darcye| F2o o)Al

AuEct, 2 g YA ase] F5&7%
B2gd 24 FFL et 53] 939 dddHe
ugk o]5d] 2 S FA =Hol B wetxe U
Hog g3& A4A7) 2 vt

HgEde) hREe F5Ee g oA Avis
v, aA G FEze, 799 Ward a8ln gee
QA $APH] A et & Wi B AA
A B4eE 2 A9E AYstae Ne3 fMad Gh)
& AAA e 7tAALE ko] 1FHQ 25| e
gt} oldle B39 £48S wo)7] A3 4¥HA L, A
9 proppant 41, EFLIAA By Fol It A
S AT AZEL 19 AH, AFFAleld] 14, A
23 &oRe9 B3 § oy X #™ leol 2
a3it), AAE ekl Wi Yisted a3
o} L ¥EE AP 2 & e ER 7k
7t AR E e ol oM AME S A3t
7] 93 N FA A7 1 8] 7 Hoj Ui A= EY
g3},

HIET LA THE H3AL

Mgz ekl o] 4FAQ /el dFEARI Ik 7l
Zo|t}, v|Ze] Mgt RAAE F 400 tef (400%10™
ft¥)o]m 1992:d A} AL 1 befd (1x10° ft*/day)oloh.
nj29] 1378 4] drofl A Sanjuan basin®} Warrior basin
o] 714 EulslA| =1 glen 5000 °lde] 7123
EFEelA e ke 1992d¢de A4 Aets v A
e} 95% oldE AAYCE HIde H=EF Ap-
palachian basin® Arkoma basin, "|ZA4]%-9] Piceance
basin, Uinta basin, Powder River basin, Raton basin 5l
A v Apgol g4t o) (Kuuskraa o dl., 1992;
Kelafant ef dl., 1992; Howell, 1993).

Sanjuan basin® &% New Mexico} @5 Coloradocl
AR MERR 2 AaE vg Qe qEA 43
AGo|t}, o] RollME 1992871 vl AeE v
Ao 2/38 ABarsld o 16607l o1delA 860 MMcfd
(860x10° ft*/day) AFARe] 3Ugrt. Warrior basine
Alabamadll AX8P 7H¢ B2 AIFE atglen 19921300
= 2740710141 9] WgrkA Agake 235 MMcfd (235%10°
ft*/day)e) e} (Kuuskraa ¢f dl., 1992).

Seutel A¢HR @F st dl$ B Al
ezl S Bl AHde o2 S BEYEE, s,
B3R xd S| A& north-central European gas

Agoltt, o] A AfLL FE AIRIH shye]
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7199l Aer]e] @3-S ©@3h =7t Ro. 1.2~3.2%°] 1
(Cornford, 1986) 2= #HE7]9] Rotliegendes
gas fieldse 55 ©39) &35 7} Ro. 1~2%%1H 3
g 2o Ro. 4.4~4.7%Z 2ttt (Teichmuller ef
dal., 1979, 1984).

Z39] South Sichuan province$} Kuangsiol BE
field2 %89 7b2A4 7 kme] AE2HEH s
223 B34 E Ro. 3.8~4.8%% e €30 71940l
Atk (Mo ef al., 1934).

u]Z-¢] Anadarko basin 41%-olA] gas A& o= A
de @347} Ro. 4.2~4.6%2] ©3c] 71dgo] 1
it} (Cordott, Lambert, 1985). ©|=<2} Texas wheeler
county®] Socal #1-33 Jamesoll M gas 4% zone ©3HE
% Ro. 3.8%°|91e™ Oklahoma®] Backham caunt$]
Bruner coalfield California Union #1-339141& 712 A34%
2 9o] e Ro. 4.8%°]1 T (Waples, 1980).

U FHESN ERE
HIEIRIRS] &R

Y FAeSd werta Ao ArA = Fise
Adrrke 29 4 o) uFo] wj$- FLF ARl
ok 2ol KL F o] 2l Fdde] JPgdE &
ujdego] Mo 1 LuXE s en Iy 7
gho] Eo|8t AAEA (F& 2% B 550°C,
AA&E; B 1.4 mg/min, B8 1990) w2l A&
AR 29| Abgo] AFE A Hol A= M) FeElg
2 B3ld FHislel ghgo] HFsn AA 2 e AF
gt Qe §A5 T glon} o] B FRE AMAHE
27 Folu B Fol viEHD e FHeth W F
dgho] A2 AHA FEE AL Yehe A7 &
ga HAE Hgd e ZkE EAW w &l Aol =
2 ola) ¢ AF AMdE 1 vl A3t € &d

oo} | FAgEd] 5 vekAdo] EfEn 3l
1 olE ARz A 5 Yo Aol fHEHE
g Aol gud o] fo] hEElAY FAEA HE
o Az} 7R AL E S8k T A A
Aoz 2E Aot}

TP AHE| J|RASRM =A
) 2dee] Wgrtart ks AR el

A g ole ¢AA gk AW staTEd 4 L T

2% Ab3E Vel WAE] Astel A Shard el

Ao A 1% o4 2811 Ful71782A 0.25% ©
A A S BB 2HEago 2 A sl (HaFA A
2) 74 7] H4E 4k

#EaRy dae A, cASS, deied, 2
8%, 4593, o|F9% 5 & B2 d¥aTo] ey
Qo ZAERe) 7% A FRTAANE Hgrta
7} 75% A=W HiEEen (N84, 23 o] 4%
Hert2g AR AA 72A717] S8t g5 T
& 712 & o] g3yt ol g AW HertaTE e 43
g z7o] wow (CHy 4.8~10%, 05 18%% 24 A%
A7) EL op|A771% o) 2zt 2 A AlnE 3l
ot GAE AAZo] ABHL e FE Y 4
gAY 2dEe e A% Ada wgrtart
20% ©1¢ WiZE 3 & RAo] AMdolt.

0|9} o] I g vertx FHFAE AR
A = AFAX el Fid WeAdel
e 2 A7 A Atk 2ng dqEMe
N1&A R 9% f5Te] shed olrk, Izt YEAl
HEtg B4 D Aol #HE 213 FURdAde] 3
E BESAL vadA SRS vagd 27t
A4S AT RA.

) FEEke ¥4 Bded 9E AEE e
7} )¢ &t} (Table 7).

a2 B35 S vertae] 3L 224 m’/
ton°|™ (Table 2), °]& U} FAgo] GstagdA 4
A3 derlae ol 7H5d ¢ ittt o)
o J=AFL7} BHET deprt AEHI =W T8
sk, olu] 3&d nkel Zo] g3lwieA LA E )
rbae] ke AFDE IAY (LVBY) SAZRA M=
A B8 4 Je 58S 29eda st 3 F
dete] A4 e HA5E S 23 B o] Hee] F
9] gpzolu} 224 web vl&sRE Aotk 18
o2 IEeRT HZEEEge Aol @3¢ vgrtx
Aarere] Ajolel gl Ao ofdn H@rt2e] WEHH
7t ATz 52 oA s Aufjitr] 2o dojrhe
@2 Ato] & Holth,

Megre] 4 (I RIFPE WA Al d3S

Table 7. Average vitrinite reflectance of korean coal in
Samcheog and Chungnam coalfields.

Coal field Rmax Rmean Rmin Rmax-Rmin
Samcheog 6.63 5.28 4.02 2.61
Chungnam 6.56 3.93 240 4.16

All data source: Park (1990).
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Erh. Mgt vjgizts Aol {71 BT sMEstnE
g9 27189 FEA, & 322 WExde] oo
ol 12 I Bodgho] 20~40%<] =& 38 &
FFE Holx o] 169 Eclhe g ARs} vigkat
H49] tide] E7]E o8l & Folth ey o] 169 v
e KSTA 28 0.5 m 0|42l §Zg 2t B3
ot A 4H Aol AR BE PolrET B2 A4
223} sleEF 5 3-4u)9) g3 i 2A18la glon
ol & Eg wExigle tiide] E 4 gtk 1ERE 3§
S AAY £58 BRAED AN E o 162]EL Hrln
£ 4 gloh

SIUSeiete] HFLCEMO| X7

T Fdgho] HA4 vigxg@e I Fgo] 7}
2 AFGoBA o =A% L 2UE 2 =y 2
A AL AFQeRY AL YRERA F7)9),
39 2], FAEE FHEUCIES 4 agla A
3o 72 Wt Solth

Aete]l YHE-E A2 Table 6014 R uleh go| £
gte] 7% 5~8 m¥/ge 2 FHUE A (10 m’/g) o
S02 & AFS zted ) FAE] -9 FEEF A
go] 4.11 m%/go 2A (¥hAF 5, 1994) o] Helol F2
S 9o o £ FL 2o} lUign gith F327]
(pore size)e Fage] A% A7<12 A7} 75%, 12~300
A} 13% A= 0 Fage] 2% 97 223707
128 5456 A, AEE 4819 A=A (24, 1990) 12 A
0|8} A7]9] FFol 0% WY Aoz 7|ogch £ =
Rddeke] v EUOE (vitrinite) T3S BF 60%
oo 2 A (dh%, 1990) o] TFH M 21L& ok

Eddy et al. (1982)°] 4EF &3} Ao e H)
Ba7Ps vdrks AR (Fig 3)° oJsid fda
9] A2 25 m%ton°|H °1& I T WFFol 4
AlA HA (HTAEE 800 m= E3kS W) 1.6X10°
ton X 25 m*/ton=40x 10° m*=1.4 tcfo]th.

AgkElol] EAlghe vexidy 7RE vwd 1 9
oto] Lolsh} 1 vigalle] HarlsAde slete] 44
g} &3le] AATtA FolA A F o ZHE lost
gas ¢} “desorption gas' & A4 AL & F gl
t}, o]o] oJ3td FAw|M = oF 6%t ZFIIATA <k
80%7} At A 4t7bs 7h2~o]t} (Table 3).

a3Eg Rdge) B¢ 2 218 %1 ok £
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