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Geological evaluation and favorable area optimization for underground coal
gasification in Zhalainuoer coal field

CUI Yi', TAO Shu?, WANG Zhiheng’, WU Yaning’, JING Qinghe', LI Shoujun', LI Dejun', GUO Jie',
YAN Shouging', JIAO Yang', ZOU Dj'

(1. Zhalainuoer Coal Industry Co., Ltd., Hulun Buir 021410, China; 2.School of Energy Resources, China University of
Geosciences (Beijing), Beijing 100083, China)
Abstract: Underground coal gasification (UCG) can control the combustion of in-situ coal seams underground to obtain
combustible synthesis gas, which is expected to become an important way to fill the gap in natural gas supply and demand
in China. The site selection for UCG requires comprehensive consideration of various factors such as coal’s own character-

istics and the geological environment of coal seams. Objective site selection evaluation is the basic guarantee for the stable
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operation of UCG. On the basis of identifying the geological conditions of the Zhalainuoer coal field, the feasibility of
UCG and the favorable areas for UCG of the main coal seam in the Yimin Formation are comprehensively analyzed from
four aspects: coal petrological and quality characteristics, coal occurrence conditions, structural conditions, and hydrogeo-
logical conditions. Moreover, Analytic Hierarchy Process (AHP) and fuzzy mathematics evaluation method are used to de-
velop the multi-level site selection evaluation system, which comprises 4 primary indicators and 13 secondary indicators.
This evaluation system is used to clarify the distribution characteristics of favorable areas for UCG in the Zhalainuoer coal
field. The results show that I, ; and II; coal seams of the Yimin Formation are lignite with medium total moisture con-
tent, low ash yield, high volatile matter yield. The content of harmful elements such as nitrogen and sulfur in coal is low.
The average calorific value (Q,,,) of the two coal seams is 23.41 and 23.73 MJ/kg, respectively, and the average gasifica-
tion activity (CO,, 900 C) is 91.90% and 79.64%, respectively, and the average value of thermal stability (TS-6) is
58.95% and 58.20%, respectively, and the melting point of coal ash is 1 145 and 1 170 °C, respectively. The coal seam has
a large thickness and stable lateral distribution (coal thickness variation coefficient of 10.14%~ 33.55%), with moderate
burial depth and low complexity of faults. The average unit water inflow of coal seams is generally low, and the coal bear-
ing strata have well-developed and stable aquitards. Overall, the I, and II; coal seams in the Zhalainuoer coal field
have the feasibility of implementing UCG tests. The southern part of Lingdong Coal Mine is identified as a class I favor-
able area for UCG in the II,; coal seam. Meanwhile, the Lingdong Coal Mine, the southern part of Lingdong Coal Mine
and the Lingquan Coal Mine are identified as class I favorable areas for UCG in the II; coal seam. It is suggested to fur-
ther carry out physical simulation experiments on UCG in favorable areas to obtain key parameters such as gasification
products and gasification efficiency, to implement gasification furnace construction plans, and to optimize gasification
processes.
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Structural location, structural style, and synthesis column map of Zhalainuoer coal field
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Table 1 Material composition of coal seams II,; and II; in typical mining areas of Zhalainuoer coal field %
) Tk g3 #r YA
X ) B BRI - — - -
KAy KAy RS BERk SOl BOmAl MERA wAEENLA

SLD-1 0.43 944 408 35.20 51.28 3.3 82.1 12.8 1.8
SLD-2 0.38 8.82  4.04 34.83 52.31 6.8 79.3 10.5 3.4

REEW X 11 022
SLD-3 0.48 8.94 393 31.81 55.32 3.1 79.5 13.9 3.5
I 0.43 9.07  4.02 33.95 52.97 4.4 80.3 12.4 2.9
SLQ-1 0.49 11.74 493 35.11 48.22 8.0 78.0 11.0 3.0
B SLQ-2 0.44 768 681 34.92 50.59 7.0 81.0 10.0 2.0

I 7RI R

SLQ-3 0.38 10.53  3.60 35.27 50.60 8.2 78.7 11.6 1.5
R X -y 0.44 998  5.11 35.10 49.80 7.7 79.5 10.7 2.1
SLQ-4 0.42 1003 3.51 39.07 47.39 6.7 78.9 11.6 2.8
IRERIEE SLQ-S 0.50 840  6.26 36.06 49.28 5.9 81.2 9.3 3.6
-y 0.46 922 489 37.57 48.34 6.3 80.1 10.5 3.2
STB-1 0.42 878 699 4454 39.69 6.5 78.2 11.9 3.4
STB-2 0.38 1001 7.64 35.72 46.63 7.4 71.3 19.2 2.1

b IX T 5022
STB-3 0.46 9.95  6.64 35.58 47.83 5.9 77.8 14.8 1.5
-1 0.42 9.58  7.09 38.61 4472 6.6 75.8 153 2.3
SLL-1 0.39 921  6.80 39.57 44.42 7.1 72.7 18.7 1.5
SLL-2 0.48 8.03  9.64  41.46 40.87 5.8 70.4 21.1 2.7

I, B2
RGBT X SLL-3 0.44 761 6.92 39.29 46.18 6.3 77.6 143 1.8
I 0.44 828 779  40.11 43.82 6.4 73.6 18.0 2.0
13502 SLL-4 0.45 638 694  27.12 59.56 5.5 68.3 23.4 2.8
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Table 2 Coal quality parameters of coal seams 11, ; and II; in Zhalainuoer coal field

PR B/ - kg ) BN/ % EEYE/ % IG5/ °C
I, 21.41 ~ 24.61 79.3 ~96.3 41.8~75.1 1055 ~ 1290
’ 23.41/27 91.90/7 58.95/33 1145/20
I, 19.33 ~ 27.83 65.3 ~84.6 35.9~78.2 1105~1290

23.73/30 79.64/8 58.20/31 1170/12
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Table 3 Sulfur and nitrogen elements content of coal seams II,_; and II; in Zhalainuoer coal field

REBE R Felgre %
HES
Sta Ngar Sta Naaf Sta Nat Sta Ngar
I, 0.11 ~0.66 0.77 ~2.39 0.11 ~0.93 0.80 ~ 1.87 0.09 ~0.48 0.62 ~1.77 0.07 ~0.64 0.94 ~1.48
I 0.31/93 1.19/35 0.46/23 1.36/4 0.27/7 1.31/5 0.28/66 1.14/24
0.11 ~0.53 0.82 ~1.88 0.11 ~0.31 0.96 ~ 1.88 0.15~0.47 0.75~1.73 0.15~0.57 1.05~1.39
T )2

0.24/33 1.21/22 0.19/25 1.56/5 0.34/11 1.59/8 0.23/30 1.17/13
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Table 4 Coal Seam occurrence condition table of Zhalainuoer coal field

IRIZAF ) . i -
RS - — - MR AR JRIEAS S 20 % FaEFLE AR
SRR /m HE/m Je b JE B /m

} 0.50 ~23.85 31.94 ~ 491.45 0~1.52 N N _

I, JE s FasE ST S
2 R 33 39053 FE A 31.60 B KEBAT R

X 20 ~27.2 0.79 ~ 562.4 10~ 1. o N -
T2 0.20 > 30.79 ~ 56240 0.10~ 165 A 33.55 BRE LX) R

10.63 389.80 0.87
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Fig.3 Contour map of II; coal seam in Zhalainuoer coal field
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Table 5 Variation coefficient of coal thickness in each mining area of Zhalainuoer coal field %
BZ R FIRIEH RERIH BALs BRI ARl

I, #= 11.45 39.57 40.47 19.85 49.05

I M= 10.14 42.62 45.82 14.12 2261
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S AR Z (E 535124 0.204 6., 0.895 6. 0.775 5,

0.322 4, ¥J/NF 1, iEAIFE UCG T H s #pg i . &
IS Z (20918 1.428 9, 2.416 8, KT 1, H/NT
3, BOE EIFRE UCG W H (3 6).
2.4 JKICHUREH

IR SCH TSR UCG 52 == ZLARIAE 2 J7 1
— R A2 H KA RM TR NG, BS
SRV A AR, A UCG s R i R &, (EIR K &
KB —E )G, 25 RN R R K 27 E —EB i,
A5 3N AR NIREEBEAR, S UCG 1 B2 AR 55
P, K a2 2SR E UCG B E 1L — 2
£ UCG T HE5 )G, Ak . RAME5 Y&
Wit aKizF % B RAE BEA 2, SR
BEE Y. PRI, BBl AL A TR K 2 R K 2 8
UCG BEAEIEA B SR SR S 50T

SRR K BRI R F KR KNS
AFESE K 43, HF AR K B 2220 5 0502 T
KR R/NEYIM G . — K B LRI K i g <
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Table 6 Geological structure complexity index in Zhalainuoer coal field
WX R R R Celncan BT ZRILET”
Z 0.2046 0.8956 0.7755 03224 1.4289 24168

0.1 L/(s-m), 0.1L/(s - m)<g < 1.0L/(s - m) Fll g >
1.0 L/(s = m) Z3 90 8 A 3 B L 03 B A 3 BT
UCG 31 H 4D AR M TR 35 A 5 R A B 7K
2, HSRBEIX TR A AR 55 J5 , TERL IR By Rk 2
rhoP AR ) R LB O B SRR, AU
JHEJZ 0 7K S 5T 2% 2 i T R UCG 390 H 17K SC
M 55k 2 — P, SRR A R AT S K
JRBT, T B LA VRN T KR R OK 2 R B, DR E
UCG IR SEAT ™ LATH AR SR 5 96 J5 A0 38 b
IKIZ R BRIK DI BE A 25 U, — RO e —rh A
JZ#E T UCG T A i, R/ 2R R T 30 m, HEgK

RS EKIZEE KT 1.5 B, A REffiFH T S Ak b
ke st T,

FH 7K R0 2 I K R BRI BOR (GR 7):
RIR, RIE L BRACFER BT T, BEE -2 K 55
W14 0.0807. 0.0498. 0.0564 F1 0.8477 L/(s * m);
10 5 52 43/ 7K 5 43 5118 0.038 2, 0.023 3, 0.1058
F10.4542 Li(s - m)o MEGFLERALIHZK R, R
WL RIEBE T, AL B2 DL b I, 2
SRR K AR, iE AT UCG W H , ghdti e
I3 2= LUS R R B 0, 0T 5 2 1 249 B A6 3 7K
AR R, BOE AT UCG I H .

x7 HFHERERIN,, A EERFLEMFKERES

Table 7 Water inflow data of 11, , and II; coal seams in Zhalainuoer coal field

AR/ - s - m™

y —1 1
o AAHG TR el HriH
e 0.003 8 ~ 0.469 0.0219 ~0.0777 0.0067 ~ 0.106 0.271 ~ 2.436
ER 0.0807/12 0.049 8/4 0.056 4/5 0.8477/4
I 0.0005 ~0.173 0.011 ~0.041 4 0.044 6 ~ 0.167 0.403 ~ 0.512
0.038 2/12 0.023 3/4 0.105 8/5 0.454 2/4
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PO (K 6). 15 )2 BB EKIZIERE N 0~34.2 m,
PR 1111 m, FKZREEE S E X EEEPERAR
S BT T2 LE R KRRl 3.2~
42.4 m, FH48 16.52 m, FEK)ZERE KT 30 m ) XI5k
FEAE R R RO R bt
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WK 25 EKZRE LR T 1.5 9 X3 E e R R
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UCG Wy Z 2, 2 AL a1 44
K H)ZK 5 M (Analytic Hierarchy Process, AHP) 55
RECF DA A8 2 22 23 YRR 52 A5 Y R A A R0
T UCG #hETH
3.1 TFNhBSH
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55 2 SR BT A8 BT BL 1 JZE U B 2
PEPEAT P LA, X [ 2 UV 46 b 2EA T LAY,
RAVECTF 0~4 SRR 2 AR RPN 48 b 8] (47 [
FH (R 8), PRI A A5 AR B R e R4
FARPALEE (£ 9).

UCG Ttk i Fr 08 ) 28 G AN 48 AR 4 A
Ji AT o3 R REVES BRI E AR bR 2 26 b TR
T RARRR O E VEPEI R bR, HA TR AR bR Y
FEAR, IF45 A FLITH KB BT %, SRR BE S

x8 FIRERERHMEX
Table 8 Scaling of judgment matrix and its meaning
HEME REW REW HE Y AEE RAEE RAEH
OB 4~3 3~2 2~1 1 1~12 122~1/3 1/3~0

®9 UCGiTMSHFIRIERE
Table 9 Judgment matrix of underground coal gasification

evaluation parameters

TN HERR 5 R R &
U U, U, Us U, — —
U 100 070 119 116 — 0247
—% 48k U, 142 1.00 128 125 — 0305
U; 084 078 1.00 08 — 0217
Uy 08 08 1.12 100 — 0231
U Un Ups Uz Uiy Uis
Uyp 1.00 054 047 041 048 0.104
U, 186 100 069 054 084 0.171
PR
U 212 144 100 073 109 0226
Uy 243 186 137 100 127 0286
Us 207 119 092 079 100 0213
Uy Uy U %) Uy —
Uy 100 125 118 125 — 0290
EMFE Up 080 100 089 094 — 0225
Uy 085 112 100 091  —  0.240
Uy 080 106 110 1.00 —  0.245
w0 T T T
Us, 1 — — — — 1
U Un Up Uz — - -
Uy 100 056 061 — — 0225
IR SCHbFR
Up 180 100 111 — — 0407
Us 165 090 100 — — 0368

- —22 3 2, H SR JE B UM 23 5 T 0.7~ 1,
0.3~0.7, 0~0.3(3¢ 10).

®10 UCGIHMBHREE
Table 10 Membership degree of UCG evaluation parameters

(AR EiEaN fE(0.7~1) F(03~0.7)  (0~0.3)
R 31% >37 20~37 <20
SATEE % > 60 30~60 <30
PFa e % >80 60~80 <60
RGN R C >1250 1150~1250 <1150
S §,4<0.5; 0.5<S4<1; S.a> 1s
Ng< 1.5 1.5S<Ngpe<2.5  Ngpp» 2.5
IR 5 A %% <30 30~50 > 50
JRZE R /m 100~500 > 500 <100
— fﬂ% . %‘M‘zﬁ;\ qﬁﬁ)‘% .
[pieaes s ikizey
THAR L /m >5 1~5 <1
W2 4L <1 1~3 >3
L RIVEE NV v
Losem <0.1 0.1~1 >1
B 7K 2 B /m >30 20~30 <20
Wk 2 5 B K2 L >15 0.67~1.5 <0.67

3.3 SEREMEFEE
i 15 5T 22 J2 AU BN 2 DA AR R T D AE i
HE UCG Al ATHEE L (0<U<1), U (B # KN Z2 B =] 47

U(x):iAiZBixij (1)
i=1 ij

K. Ul UCG AT AT HEFR 5 4 8 — BT 368 An AL
;B NS RPN IR AR ; x &I 8 bR sk
JEJE .
34 AARXMELER

T UCG T84, 451407 X UCG A A IX
L gs R R 11): 11, B2 UCG mIfrHEde - 241E
TER AR e s, FLUON R . RO 115 4
J2 UCG Al AT PEFRECT B AR R AR S, Hkoh
R REEIE

FE T AT MRS, 2 L3R R I UCG £ F
XA () 9), FFERIor i 3 28K T RAFIKX (U=
0.85). IZBAFIX (0.75<U<0.85), MZE—HKIX (U<
0.75) ZER BRI, B2 T A FX FEN T RR
IR RS, AE R R, R R Ay
fiis Ty 2 T IR X F BT RS R
R AR5 RO R, A R BRI Bk A
Ao SR EE T 28R XA A O, 76 RAED R
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® 1 FLFEEREE UCG ITHIEH
Table 11 Feasibility index of UCG in Zhalainuoer coal field

AT R EL RN RO R A BRI FKilgEs-
. 0.73~0.91 0.64—0.85 0.72~0.80 0.66—0.83 0.72~0.86 0.73~0.82
2N 0.83/77 0.78/27 0.76/10 0.76/28 0.80/63 0.77/7
L 0.77~0.94 0.78~0.93 0.78~0.90 0.72~0.88 0.70~0.87 0.65~0.77
= 0.86/75 0.84/37 0.83/14 0.80/19 0.80/59 0.74/6
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Fig.9 Evaluation results of coal underground gasification in Zalainuoer coal field
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