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Control of Combustion/Gasification Area with Compact Underground
Coal Gasification System
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Underground coal gasification (UCG), a technique used to recover coal energy by the in-situ conversion of
coal into gaseous products, enables recovery of coal energy from the potential coal resources abandoned under the
ground for either technical or economic reasons. However, it might be difficult to adopt conventional UCG systems
in Japan because of geological conditions that are complicated by the existence of faults and folds. Additionally,
it is difficult to control the combustion/gasification area during UCG process because the process is invisible.
Therefore, a co-axial UCG system that is compact, safe, and flexible to adopt is suggested with monitoring system
by means of acoustic emission as an alternative UCG system. This UCG system has superiority in terms of
applicability compared to the conventional one, but the recovered energy from the coal is relatively low because
the gasification area in a co-axial system is limited around a well. In order to develop co-axial UCG system with
high efficiency, the model UCG experiment with a large-scale simulated coal seam were conducted. It has been
shown that 1) the gasification period can be extended by adopting proper oxygen inflow, 2) it is possible to control
the combustion/gasification area and the product gas quality by controlling the position of oxygen inflow, 3)
acoustic emission monitoring is an effective technique to evaluate the combustion/gasification area.

KEY WORDS: Underground Coal Gasification, Potential Coal Reserves, Co-axial UCG System, Combustion/
Gasification Control, Acoustic Emission
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Fig.1
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(b) Co-axial UCG system

Image of UCG system.
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Table 1 Proximate and ultimate analyses of the coal.
Calorific Proximate analysis (wt %) Ultimate analysis (wt %)
value i . Fixed
Moisture  Ash  Volatiles H N S (@)
(MJ/kg) carbon
32.12 2.1 43 43.1 50.5 784 574 144 0.07 9.94
(Top view) Unit : mm
T i Unit :
210 420 210 (Topview) 2542 — e
! | 242 50 2,550
t [
300
g g e
‘ 300
Co-axial 2 [ | Injection pipe. 1/2B /
(Side view) Il
B 11
| I
Co-axial pipe (Side view) | |
B Refiactory cement

: 11 4

9_‘ M % 11
g 5

125

Branch, 209 1=200 Injection pipe.1/2B

(a) Model UCG experiment in 2015

Injection pipe, 1/2B

(b) Model UCG experiment in 2016

Fig.2 Diagram of UCG model experiment.
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Fig.3 Injection conditions.
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JRHE « T AEREIA A U QD EHEE SN Dok o A E
L, JRBE « LB OB BN N P ONEEZ AT LR 5
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Fig.4 Distributions of thermocouples.
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Fig.5 Distributions of acceleration transducers.
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Fig.6 Results of temperature monitoring (Co-axial 1).
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Fig.7 Main compositions and the calorific value of product gas (Co-axial 1).

24 W CTH T,

3:-1-2 R&S$EQ  Fig. 8 1R TEEHKELY, FEHOT
IZEBRBIAAE ) D 2 BRRETRGE L 728 THLEIC R bV T21 0l
FERAES L, 5RHBEBZIITE— 27 HED 1,300°CI2=E LT,
D%, ENEOWWOT-DIZERS—RhET L, B LWEAR
AL CEBREHE L2, EBREHEZICBVLTHLIRED EA
EmC 2 T e <, LED B R BB TV D T25 LISk o B %
OIRED EFRNBE LN L X0, FEO L 0 RFPHIC G - 7
ZEBEIRAIER LB 2 b b, REHOR X018\ T,
W BEBE (T RIE « T AERRIEAMIER U 7oL & W AR U 72 UK
I STV, ARHPO 7 U— hOME, EARLH O
FIREE, A CILEKICRRE LI AR OENTH D L5
Zoh5b, £z, REFROTIE, FBREMGE 37 ~ 47 HREE O
M B B0 B 2 K SR 72 RERIF I BV C, TREED R 3
LWz &Ebbhnd,

Fig. 9 lO/RT AT AHHERICE D &, TR S P10 B A
RE O AROZAIEFETO L FHEL L TV 22, FEAR

@ http://doi.org/10.2473/journalofmmij.134.81




Vol.134, No.7, 2018

28 MRS R F A A AT DRI DIREE « AL OHIEIC B3 50158

——H, ——0, =N, —+CH, —o—C0 ——CO, —&— Calorific value

100 - - 15.00
e T21 e T22 ===T23 = =T24 —- T25 — TIS =
100 < 50 z
Q - =
& 1200 7 5 = - 1000 B
£ 1000 - g 601 3 °
g g : g : 5
] I-% <
g ™ LY i . g 40 | L :
E ool [[\ & E - . g 2 F500 &
= @ 7 - o £
400 { IV 4 =
. // - 8 204 z
200 - l/" e PR
0 LI ol : 0 - 0.00
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
Time (h) Time (h)
Fig.8 Results of temperature monitoring (Co-axial 2). Fig.9 Main compositions and the calorific value of product gas (Co-axial 2).
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Fig.10 Results of temperature monitoring (Horizontal Co-axial).
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Fig.11  Main compositions and the calorific value of product gas (Horizontal Co-
axial).
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RERBA AR EL% & 2 WITIEANE 2 Bl S $ BRI Al smL
Z D% A WA LT BIARH D, —J7, COx IEDE I
ARV A DAL EFERE DEMIC S Y, AT ARy Y

T DR TR L, "M ARG 35 % (283 2 i
IR 2 TN 2SS 5, EBRPORBEOEBNL, "TK
YA ADEHEK S Tdh D CO, CHa, Hy OIRFEZAL & [RIEIH % 7R
LTWo, T74abb, EAEEBE ST & AT 10 MI/m’
Hif4 10 £ CAMRICEIE T 223, BEERGE & & bIcR A 12 5 MI/m?
WCETIR T T 2BmRGEO b, 7238, H28 FEOERTIL,
~A 7 aHAZ BT L D REDOERIZT VAT A% F ¥
V7 HAELLTHEALTERY, MROGEEIHIICHL EEX
LD, TR O ALk R 1T 72 FE TH o 7,
3:1-4 ESPHELREBWE UCG VX TL  Table 2 (24 FEBRD
W AR 3 L OV UCG 7 1t AT K DA T A DI EE: &
Ay OVIEZ T, FELY, £, REHOPR L OFR#EHE
T D &, AT A DOV BEIIFE THL OO, TA
(LR R BRI QD F BB E3bns, Zhik, Biko
EBY, LAl L TEAMBBEEL RIS EICLVREL
T A EHERFCE 2D TH D, Fio, AKFEEE CIX R
O, QLHHELT, HALMGRENR <, AERT A DOFEIFEER
BELEWZ EnD, mERERS A E ERHMEILTEZ LN
D, Thibb, BAKIOREAMIEZ B SE 5 L2k 0 b -
H A E A SR ER S5 N TTE, MAD, RNIEG
TRy 2 BERE T 2T 5 2 LIS K 0 B AR AR A & BT
XL BbND, TIT, RO UCG VAT LD—D>Th5H
CRIP (Controlled Retractable Injection Point) {233\ T b, fJEIZIm >
TACETHRA SN2 EALOF K E T &5 2 Licky, R
I LW AMUFRER T 5 2 LN TE 5720, EinEO%
WA AREILTE D 2 EAERSh T g 719 Lins,
[FFR UCG v A7 AZHBWTH, mIBHEAHI - 7=l 2 1
B U, BRBE - W AEFEIOALE ZHIET 5 2 & T, @i E R ARk
A ANEULTE D EHFAL UCG T AT LAOBFFENFRRICRD &
BABND, WRBE A AUSEIONLE Z HIfH 3 2 72 12iE, BRIE-
HACFIR DE R Z G D LERH 50, UCG YA MIBWTH
TORBOEEZ22ENET S 2 LIFBENCRETH D, T2
T, WEITIE, BRIE - o ALREAHEE T Ao DO FIEE LT,
AE 12 W IRIENEOE =4 U v 7B L CRE 2179,
3:2 AEFHAICKBRBONEE=21 Y

3-2-1 AERFOMEBREFE  ABE M OMIT TIX, EIR
DOFEE LW IEIEHTIC L BB A I = X L OHEZE N T D
B, D OMHTTIL AR I OBLERE, T 725 AR EYIEES
DFHIY BZORFOMFE S L 725, AFERTIE, KEFe 20
OWEEBBI, RIS IR M WA E (AIC : Akaike
Information Criterion) Zi# M L, TFio= (1), (2) LV AIC 235
AN R R R AR S RIER I & LT,

Table 2  Gasification period and average product gas composition for each test.

Co-axial 1 Co-axial 2 Horizontal Co-axial
Gasification period (h) 24 51 72
Calorific value (MJ/Nm®) 4.49 4.64 7.47
H, (%) 6.29 8.19 18.06
CO (%) 25.14 25.94 24.18
CH4 (%) 1.05 0.51 3.68
CO2 (%) 23.50 21.41 21.91
C>Hy (%) 0.14 0.15 0.47
CaHg (%) 0.01 0.02 0.27
C3Hs (%) 0.01 0.01 0.11
C3Hs (%) 0.00 0.00 0.06
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Fig.12 Typical sensor array and AE signals.
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Fig.13 Compared results between maximum temperature and AE monitoring (Co-axial 1, 2).

AIC(k) =k -log{var(X[1,k]}+(N —k) -log{var(X [k,N])}

Pl = T AMin(ATC(k)} = AT +-vervveeeaniiiiaiiiaicn @)

ZZTCNIET — 2R3k I3ET — % % 2 KNS 258 0Us,
XTI TARIRIE O BT — &, var (X [1, kD) X TEARIEE X 205
Xk D3, var (X [k, ND IS TEIRIEAE X 70 6 Xy D58, PLIT
AE W ORGERF[], Ty {Min (AIC (k) ) } 1% AIC 23 e/ a7 IRgfH,
AT IV 7V v TR % R d,

AE OEJFIEEMAT T, H5H AE HFRIZH L TAEFEt
UHICEGE LR G, 2o OB (X, Y5, Z) , E TR A
(BRET 2 MRS Vi KV AE BB (X, Y, Z2) 38 KOV AE 384
B T 25T 5, Fig. 12 K0, AE KEORERER & AE 54
BB L O FHoEHcE L TG B Esh5,

\/(X—Xi)2+(Y—Yi)2+(Z—Zi)2 = Vi(t; =T) (i=1,2,--n) .- (3)
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53 Lo, AE BIREEE R & B NIREE S i 4
g5 2 Llc kv, AEFHINC X D BRBE - T ALEIR O HEE &
RAD, F7-, EBRGETERAIC LV BREE U LR AT L,
AE BRI ER R L 95 2 & T, AERHINC X 20808 - B A
(LSRR OHEE DZ A B L TR 5,

Fig. 13 (a) , (b) IZ[AEVRD, @D fE N EIRE 54 & AE 5%
TR ERE A R, IRENE IR A B L, BVEXHR G
WEERZ WD Z LT, H ARSI 5 RIEHN O &R D
a v —EER L, W, RET—Z B8R LTWDEITICE
WL, JEAOREXORIET — 2 BB L v R DR
EEHEE L, AR BFEEHBRICE LT, BRMELZERTEL,
RO R &= SI3Mxt T 1L ¥ — (AE E O KIRIEME O ~FE & L
TEF), THROLBEOHBORE SZKL TW5,
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Fig.14 Compared results between estimation of post-gasification area and AE source location (right: Co-axial 1, left: Co-axial 2).
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ol ThdEBZZLND, 20X D 72L&zl
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Fig. 14 13, EBRBgWHEAEICLVEShZEE= L ¥ —K
L RO B (W ORI 50 mm NOEIRAR ) (SF 1T DIREE -
T AAAEIRE L OV AR BRIE SRR 2R LT\ D, BbE - 7 A 1k
BIHRICBI LT, HAMEERKTER, ATy 7 NEIZAE AV
b X OB OIRGTAER % it LiAAFE(L X ® 725, 100 mm fEZ
a7 REREH YU U CRE R ORM A BT 5 Z itk o
T, FEBRLZEREL O AR IO EE L2 AR (Fx—
Char) Oy &2 HEE LT, RIRKEY, HEE Sz AR ERITBE
TR bE « T ALREIRNIC A LCEB Y, AE BHIINC & B Bk -
T AACREIHETE D2 e DMA 2 D o

Fig. 15 (a) ~ (e) (C/ACFERIEEL 0> AR IR k55 & g N i
BB AT 2R T, 728, AR BT ERS LR N TR & ) E
L 72 Wit O R4 50 mm N ORI 27~ LT D, K[ il
T, BAEOMEZBESE S 2 L CTEEFEROBENIC N
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Beo AR G BB B 720 LB X LD, AR, REE
HAACFEIR OB L CH AE FHIC X 2 HEE A ATRECTH D 2
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DR LA NHER SR o728, R 0 EMI O R E % 5 A4k
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Fig.15 Compared results between maximum temperature and AE monitoring (Horizontal Co-axial).
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Fig.16 Compared results between estimation of post-gasification area and AE source location (Horizontal Co-axial).
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