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Abstract - The underground coal which is buried in the ground will have a lot of attention to overcome en-
ergy crisis as an energy resources standpoint. Many studies of underground coal gasification have been also
conducted because of its advantage which does not require mining. In this study, the simulation of underground
coal gasification process was carried out with Aspen Plus. This study was executed by Rock Mountain 1
Underground Coal Gasification project in the United States in the late 1980s as a reference. Sensitivity analysis
proceeded to investigate synthesis gas characteristics following different injection condition of oxidizing
agent. The underground coal gasification model has been implemented. That is divided into drying, pyrolysis,
char gasification and the simulation results was confirmed by the production gas flow, yield of synthesis gas
and amount of gasified carbon from results of the actual experimental data.
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Table 1. Proximate and ultimate analysis in Hanna,
Wyoming coal seam

Proximate analysis(%)

Moisture 9.51
Volatile matter 32.64
Fixed carbon 34.09
Ash 23.76

100

Ultimate analysis(%)

Hydrogen 4.45
Carbon 54.81
Nitrogen 1.43
Oxygen 12.30
Sulfur 0.75
Ash 26.26
100

Heating Value(kcal/kg) 4766.67

Table 2. RM 1 UCG Test Summary

Parameter Value
Injection

Oxygen, Nm’/day 23,410.02
Steam, Nm’/day 44,078.94

Production
Dry Gas, Nm’/day 88,004.13
Heating Value, kJ/Nm® 326,514.07
Coal Gasified, kg/day 102,050.32
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Char Gasification

Fig. 1. Qualitative description of phenomena at
the UCG cavity wall.
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dpore: diameter of the pore
ks, : intrinsic chemical reactivity of the char (kg of
char m™s™ [kmol of reactant/ ms]'")

W. : molecular weight of the char

Des : effective diffusivity (m’/s)
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Table 6. Knudsen diffusion coefficient following gas

Knudsen diffusion coefficient, Dki
Parameter Symbol Value Reference
0, 13.557
coal porosity D, 0.03 [13]
H0 18.067
coal pore diameter dpore 0.0005 cm [10]
CO; 11.559
pore stru.cture . 25 [14]
tortuosity H, 54.009
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Fig. 2. Diagram of underground coal gasification by Aspen Plus.

KIGAS Vol. 17, No. 5, October, 2013 - 32 -



2% Al @7}l

GES|, A&, 7k23t BEo 2 YA "t o] tist
o] Fig. 2 ol Yttt

TR = A, A4, 2", o220 7 FA 5
o ot A gke] ¢ ~EH O] A9 AA A5 A}
23} ZREN A= Heto] A Fof ujFs o] glar 4
ShA| o} 28l o] F=Q1F o] 7F2317} A o LA 7 Aspen
Plus 34 ER ol A& A/l (Steady-State) & ZA
sk Ao 2H REgE = MEntEo] &S FAksk]
AgkFo] Eo7HA "ot

o 2e Az &3 #go] dojut=d o
714 A ere] I E k-l i A= & (yield) BH-8
2d-E 283tk o714 L (Volatile Matter)
& YAkslElS, o]4tsl B A, 4, 2| W 52 7}
22 BaE e 24 &2 A3%E SlAY ukE
&% ZAME Tt AlEH ol o] 7kttt o]
3 A H 2= Perkins ol A o] A3 H|olE] S AH8-3H]
oH5].

Table 7 ol| 4 Kol x| Eo] A ghe] 3)-Fof tf
FFEE AAE olfre FL £l AT Aertx
slofl thgk Bl o] B o] AL B3, ARS-H A Rho] o} A&
ozx 718 Bl H&E Aur 3 ol g A wo]
I FHAEAT daEA 0] vl AHE 7L Q)
7] Woltt.

t&o 2% 7123} whgol A9
o} o] &9 71223} whg-o] dojd u] |A A2
Ao 2 AAXS=E QF dofl ot Agho] Hxy
Fakio] dolrbH A A7 & 7h2ae) ©hAo A4
£ 18T F et B ZoAE g A
ik-g-o] B 8F8hik-g-o]H o]of 3k wk-g-o] &

= Eo] B adteZ old tsle 7t~

SENIE

-t

olo

X

oy
Mr <

o

2 forz [
. O

1

Table 7. Composition of the Volatile Matter
(Mass Basis)

Algdol s T3 Akst

Y
N
jin
N
Y
o
=)
il

ol
o,
N
)
[>
A
o,
2
=
=
2
4

Az

gl

o r2
olo

o I oo g o B
2 4

S
ieh
2
o
aul
b
=
)
::1
2
B>
RS

oo

Br Rl e
=
o ofo

A, ok
e 32
[HTga’

"
it
e
[0

A Fof ok Aol A 1245
HE 2} 2)S 2| -8-3HA Frh o] mo|
H-&7] 2 2 8-o] H 3l o 1haso} 2o
I 2e] jE-g-o] dojuAl H= FEolth

A RS 78S T 48 E dAVEE
4371 flske] 1A 8l 7k A o= AL o) o] o
A & Ed FR & A Zs] s A= AT

FHH R BdoAM uEE AdoRE o4y A
3} (pressure drop) 4.8~7.574 bar, A|3l5 FU=F
(groundwater influx) 2~4 gal/min %1 23 L=7|&
726.67 C | A AFAZL (residence time) 10~20 2
ZadE e & F U

[}
3l

B
iy

for L
I LY

N

d
4

T2y L
we,
ot

>
r ol

. Al=asjo|M Zo}

B AT 7|18 E2AEH o2 kst AT A
©] Wyoming 9] Hanna 4 ¥-3%-3-2] Rocky Moun-
tainl ZE2AEE 7] & X2 AT Aot} o] =
HG A5l SHolY 2852t Wyoming 9]
Hanna 4 &-3¢-50ll A A & A&7t 28t d o] X134 5
A3 A Eg ol Ao 2 mel Lol glojA] wk
&= vty 28-S d 5 7] ol Tk

E ™o A= floll o] 241 W E3 A A E Aspen
Plus 2 34 748to] of 2] 7k+] 49 3t 5L gefm)
HES 8% S W] 235 Flstarat gt

W] 7120 2 A H Rocky Mountainl Z2 A E
o thste] 4 o]y A3 st eF gtk

Table 8 &= ZZAHE B oA A F Jetrt23}
Aol tht 7k 24 AE HojEh

Table 8. Syngas yield of base experimental result

Component Mass Fraction for Hanna coal seam

CO 0.1242 Gas Composition, Mole %

CO; 0.2413 H, 32.7
H, 0.0414 CH, 10.1
H0 0.0472 CcO 8.2
CH,4 0.2531 CO; 457
C:Hs 0.0000 H.S 0.8
H.S 0.0221 N, 0.5
tar 0.2500 Ar 02
N2 0.0206 Higher Hydrocarbons 1.8
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Table 9. Syngas yield of experimental results and
simulation result for Hanna coal seam

Se - A - F

Gas Composition, Mole % Riﬁfj‘gl;:ﬁa) Re:;;ZUI?;;:Ir;la)
H, 327 327
CH,4 10.1 10.6
CcOo 82 7.7
CO, 45.7 443
H.S 0.8 1.1
N 0.5 1.3
Ar 0.2 0.2
Higher Hydrocarbons 1.8 2.0
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Fig. 3. Syngas yield of following different mass
flow of oxygen.
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Fig. 4. Syngas yield of following different mass
flow of steam.
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