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Research of gas Controlling Technology of Protective seam in
Pingdingshan Coal Group No.5 Mine

Abstract: The problem caused by methane is a bottleneck, which limits
safety-production in mines, so it is more important to control coal-gas outburst.
Obviously, mining protective seam is one of most effective and economical
technology against coal-gas outburst. According to the gas geological condition in
Pingdingshan Coal Group No 5 Mining, this strategy was put in practice. Combined
with the strategy, the paper studies the gas controlling technology in mining
protective seam.

It was explored the principle mining protective coal seam for coal-gas outburst,
Aiming at the problem of coal-gas outburst during the process of mining coal seals in
Pingdingshan No.5 Mine, The research contents were the technology to avoid the
risk of coal-gas outburst as coal roadway being excavated, to study techniques of gas
drainage as mining workface to be extracted. According to the present practice and
Detailed Rules to Avoid Risk of Coal-Gas Outburst, integrated measures of gas
control were worked out to avoid risk of coal and gas outburst and safety measures
were prepared to ensure protective seam working face to been safely excavated.

According to the produce practice, the first plan of gas drainage design is put
forward. This thesis puts forward two schemes: one of the schemes is the high
position bores and the goave gas drainage; the other is gas drainage by the long level
bore along the coping rock and the bores through the soleplate .Not only the coal-gas
outburst and the exceeding limit of gas concentration could be prevented during the
process of protecting layer mined, but also the pressure of gas in the protected coal
layer could be reduced. The protected coal layer could be turn into the no-outbursting

layer.

Keywords: Coal-gas outburst; protective seam; gas control; gas drainage



WRE T REAR R R B3O

B E
=] = 1
R = == 1
L1l TR DML . 1
Lo 2 B A . 2
L2 R4 BT R E AN IR 3
L3 P X BB RIF BT RZE 3
L A R T R S e e 4
2 AR TR . o o e 6
/0 N 1Y A AP 6
2.2 R T R 6
2. 3 VO 6
24 R 7
Ry = 7
2.6 T O o BMEELHT JERBCETERME . ..o 7
2. T W BT TSI e e 8
2.8 O s—23190 (R E TAETMEIL ..ot 8
SR R E IR . . 10
3 L R R 10
3.2 Ry EFRIIGHES LR EAER R . 10
3. 3 AR R I B R e 10
3.4 PRI EE R TEETE 11
3.5 TR R N I R . e 12
4 RYPEC 5—23190 It TAEHBIVAI S R E SR .o 13
401 BOHTH T T 13
4.2 “PUpi—AR” SEABIEES MR E ... 13
4.2.1 FEHSEREEETII . 13
4.2.2 BFREEARIERE . oo 15
4.3 B RAE R RAGIE 18
44 ARG . 19
4.5 BAFIARTEIE . 19
4B R 20
5 523190 (R EFFRIAM LG E TR oo 21
5.1 4P EEERBLAA ST ..o 22
5.2 R BUR LB S o ATYE 25
5.2.1 BLMrd s B 25
5. 2. 2 T T 26
5. 2.3 B I T AT 26



WRE T REAR R R B3O

6 RYEIT R 5—23190 TAERI BLITHBOZTF AR oo 28
6. 1 BLITHIO IR, 28
6.2 EFATIL BT o et 28
6.3 LWL BE S EUIBIE 29
6.3. 1 A FLAT BRI EI © o 29
6.3.2 WA BESE ..o 30
6.3.3 BTl B . 30
6.4 BRI . . oo 31
6.5 TAMCE A EIAKERASFLIMN ..o 32

T . 34

B 35

BRI 36

B A SECRITE (R0 37

BESR B B SCB/IIE CIF D) 49



WRE T REAR R R B3O

it

15|

1.1 &5
L1 ~PTL Xk

SETR AT DX AR R R, R R R B R F b, e b X K PR R A
Bt B X EHAEE WA R — S LHRAEE LT EIR, SRR 800m
KA, &1, 88 EME, B MM b RKIEAM A (LG4 LA
PN AEETHARB. T A 4 FHEA, 258 E 30m, S R%03.75%,
ARAEZ SR 15~18m, HAFEREE 3~7 )2, REnREZ 6 2. P
WA X 4P FT B, MU P IR S6E. &)1 3 AN IX, (A 767km*. LT B
HHFTAEE 7512 t, YRBE R RIS & 65227 2 m’. I L&A X,
FEoR HhBR A B 100 X142 ¢, 52 FCR SR YU 00T 1000 12 ms

I XA +xm R, KUy e, B . ZE
RS TUI R A o S BLET FE RIS B R P2 2 T X = E ) 80% /e
i, HpE IR IX M EH 5 60% LA F o #2003 45 8 H, ~FILA" [X T K4
REEH, A RAERSLIRE 131 R, RESHEE 7822t LiliE
473000m’, WEEESE H FLHr BN 60.47m° . + X6 FLT a8 ™ H I AL 7= R X (12
FUH B — MR E 10~ 15m’/t LAE, F 24— 302 TAETH (1 PUL I HH =IA 2 15~
20m*/min P b, #%Ki% 25m*/min, TAEHEA X E 1500m*/min £ 45

SEIRL A X AL T b B m 5, RIS SR T ZR 04 3 11135 S i 138 b 7 244
G — Il — FRRH X B UL R Lk 2 s SRk, B2 edl
PR i ) 2 Ah, O B B[ 52 Ze W 3 1 L1t Fh R ) SRS Fr it e B
AU e B USSR s G ERA T i, MR IR A, T i R
WERESMEZE. PO X T, K. cABZLHESERES 5N
0.017m*MP2d. 0.11m*MP,d F1 0.076m>MP,2d, FFAKIE MM R o
2002 “EGiiE, CPRAERAE R R S Eo8 2732 75 m’, M 1997 4FE
2002 4 5 FEN RIIGKEN 8.86%, FFIIMKE 2.21%, FLHEUE KRR
TRATMHEE KR, AR TR IR TAER s 11.4%, &
B 25% 05 FR . T —E 0 1A 10~15%, M LT bR EEREFE H
FUIT 2% RN BB RR i A, X PRt KT 3m /min O BE B8 v 2 4 2 T
PETHT, B3R R DU, — 4 B SR A Tt oh, R Sedi 5 IR i i, /e

1



WRE T REAR R R B3O

Lt T 7~11 A 40~50m IR IR L, Hhik 10~12d J5 3R, 78U 5 POl R
M) I GARINE, Pt REEH RE 40~50m. B, FU 6 21 ) &
P AR B S /NS =TS =Y ¥ G- e sl S o5 8

1.1.2 FLri 2 ot A

PR R AE R R I 1991 E LT H & 185.9m /min, 2002 4N
349.9m’/min, “FHIEFAELL 8.5% HIHFE LI . B RIR AW N, B2 L
ORI L R JJEAN WG N, O R R AT S A B e S AW RN
TSR B ER M, AeRAZENIGIEE, HEEEHERAH
40~60m, & ™ PR R . H T R e R SR AR 1 B A 4 T
H NI TGS TAETH M 7= . a0\ & 15— 12100 KT, PLBmHRHE
25m’/min, ¥ —JF P ERHILE LR, AR RREIE 4 5t A4 T
PRI 15—23190 SRIHZ00T FLIHR HH LA 21.12 m¥/min, 3% 2™ E )24
7

SPT L™ DX B e 5 T4 I e O R ZE A DX, TP T Y (BEED
O\ T T O ANIE ERAE 2000 Jcbh b SPILE X i+, &5t 3~5
SERISE S, AL BUR BIA S 8000 J1 m?,  WIURASKIENAT R i, AR AL
DX HFR, NESROX—XEE, 456 P00 SERRIE L, v CAE EER R AR 2
K.

IR X A5 100 12 ¢ LA EFIBER A 1000 4342 m® BLERIOTRIR, FE%
FERREE A WE N, PO DO L o ok 5 H ™ 8, 62 TL
B REUE, A ERECCRAL. BLRCA T LTS B A R R
NN

SPIL R B TR ERITR, & H)E 32 2 2 2 b 42 = T R Ak
2 ZRVE I LU I 22 IR RS ) B HEBS I BT ORI E F o 4B Z I T A= %2
Bk BUIREIAME R T IR IR EZE . SIS ER KT o4
W2 CHMEZE . WUIBIRMER R TRAKRE, X—45i eyt
WESE, HAE EWERER. XUnREREZM#ATHE, BEREEA—, Wig
PRGN, REPESHEZERL, KNS EA &AM WA TR
PFRFFREAR, I TUTHL B 5 AR IR BRI Z A R4 2, HEAT & 3 LRI AT
LI TT  SRIE T2 5E, AR SR E T RS, 7T DA Rl
RHBEZ B RAER MBS, B m b AR AR PO R . AP TL Fh

2



WRE T REAR R R B3O

St FLITIR BRORY E T R, IR P B TUETE BRI —3
W2 KR 58 B B AT ¥ B 0 0 30 o T o
1.2 RIFBFREAIMARKIK

TR AR Z 2B 1S FL o i &0 I AU BARE i — . 1933 47k
[ g g AT R AR Z B B S T R M iAse, BIH AL, A LT
BIFARB bR Gl E R E R, REE R R R R vra e R
32, RIEM 1958 FFF AL E R X B T0, U582 800 5 B
A EA KRB TR

BT IR T SRR E B2 A A I B . YRR 1y BB =2 AL
HRRE P VR FH DA B SRR 255 1 R4 J2 T HE s i idE A7 T A A
T AR R RS@E 0 TR FE T 5 RS AR RS TR
I ARG K708, 43 T AR 2540 T DR 2 TR IN 1 B3 L A
A BeMgE . VPSR, &) A SRR AR RS R S, B AT, BSE
TR E T, X FEE R RANRR O ARHERAT T, R T KEE TR
8 5 KN R A0 I PRBY BORFAE S < O TR B AR A, 37 1 0 R FL A 9 O T Pl
HBGER W, JRHRE TSRS . A0, arEE. FHTSETE A
W HES AT PR CTHS 7%, I RFPA N1 RGeS 2 Kz
HHE KRS, BHEASWRBIIE, KA E TEmHEE, Ry 2
FRAR N S RS T AP AL, FEA0HT 7 e 5 & B A B S0 T Jeby s s FL D 9 e A4
JZ T el 1 s
1.3 FLET B&MMENRIPEFRE S

SEIOLAT X B B S A DAS REEEA, R R KR A B . A
MOHBH . MaEFHEHREE R EASTHR T R

C=NERXALT A HHARILE, NO=RXETER, RXFEAHN
-450~-650m, Xt HUEIbR R N+165~+335m, HRVR A615~985m, JFRIEENT
s CPHEEL 6m)y O oMZE RS 4~4. 0m), HZERNN60° , Hif6~
10° , RIX G k%1500 F3 0

O 15—23190 RN FH O = FIERX RBEIE A TAEE, Tc 6 o
23190 KM LAY E. & 5—23190 REEMK 1100m, RO MHE, fifE
57.0 Jill, FEBHZESEC . - —23190 2, fEE 106. 4 i, T 12
52 o o BEERIER 2. 4~11. 2 2K, & HEFFREC o o B2 LR S K&

3



WRE T REAR R R B3O

TNKHE 20

T OB RSB R TR FAM . O s BE—BEE 1.5m /244,
RAEREIEE, 50 16 o BERE 24~112m Ao © 16. 17 2 —KJERE 3.0m
PLE, RREEE. BC s EEEN ERIPER, 7 DLERA BT (6. 17
JHE 2 0 BL AT
14 R EFFRIIE X
() R EFREPIEES R E T H 8. BEFHIHERz —

B H AT, B PUHR Wk B VA H R AT At 5 32 B [ 3 [
T I P T M B AR M o LR A 5 M RS2 — MR A A7 T v B g iy R AR
PR ZAMIR B HK T — 8 JE FE A& IR o X A b o A a5 5 e . B 1))
TERF=1; X PIEAR &G WOR B AN DI, Bifs 250, BEf A7 K E
FETCHT XA AR, Em BAER TIRE D i, RIE SRR .
B v B 5 PO R H A B 7 v e S B & S, A AR 2 s R B
W KTHAR PR R o (RN T IO R AR, B ATE %A BLIA RN mr it
BV IRE  MER T OB G B R R MR Z B 55 R EE A E R 2 (R
PR, EREEEITER, f. L, THZ 24w ZI bk sar, BRI H M
TR T Bisk N s RS EETE . MR, FUUE e MRS 2
FE, HAREE RN REREIRTT, HS O RIE R SRR, TER i T
FUITIRI A P, 2 b R 6 B AT P A PR B AR, BU R i = 2RI
B, REMTCH M, H2ESMEREUR TR BRI AT BUKTE
AR Z G T, A1 R R E AR AR R B RE, 5 L 2R A
FRAKTLHT & &I
(2) PRI ETFR AT LIAEARE S SR Z S0 e ik 2 At e

B BT AR LE BRI L2 TR R RUR FE, w7 i 8 AR T i A B
AL OO TR E TR IR B RL TR Ay o SdE R [ SR IR pp A
M XK EEIAR B MR S ERR Tl ER 8 Tk iEe, 2 H
R SOE R Tk, SEIUR 224, MR WA TR IR,
DLHF=H ¢ BFIRBLEE G WA R AR N G AR = T2, MRA E T
WA =S, HaR NS N TEREMERRGMLES, NREE TR T B
B WS K G O — A, —ANRK, —ANTAER. 155 Tk,

1980~1995 £, SEEEN H K4 ARCRHE T 14.8t #2524 1T 43.24t, {0
4



WRE T REAR R R B3O

FETZZH 0.17 N> 2] 0.05 A
(3) PRI ETFRES G L HlTBORT LA A2 BRI A B 238

Y2 NIER BRI EI R AR 2 2 Rl R a5 a, SRR D=
HAA 2 R G . TRt R EEMRE T —, WLAMR IR
W RE JIR R, HR T N A AR 25~30 % . RGOS B ek B A
TN 1x10°°, ] PEHERF RN 1°C . SUSH IR FEF, e R
5 AT A SRR HE IS B GE R — 22 o 170 3 B 4 PRRA ) KSR HETBUR L
%) 200x10°m’. AT WLARY T RBA S B BGR AR 45 A B = A2 BRI 3R 8%

2
Bk



WRE T REAR R R B3O

2 W HRAE TIEEBR

SPIRLEY, (D AR ITEA T T 19584E8#7=, @it A r=6E 18120
t/a. 20027 B2 s — 5 U EHTZ € 208 15t / a.

SPILA XATETFR A E G IR S . P SR I B R E, e
B BRSO AT, B SR B AR PO P S AR R AR L BRI BT )
XA RA Z T RAE TR X A5 DAE A ORAIE . T O 15— 23190 AR N |
RIZ, O 16 1723190 TAEH N RS Z, W JEIAIEE N 2.4~11.2m, fEN5
s, TR EE B R Z TR PLITA BH R 7T
21 L8

FA AT F LA X PG, ~FIL T P b AT 208km, SNPEERI T
Wz —. ATBIX KRB Pl TESS, FHHEEAAFRR113°137267, b4
33°47°0377, FFHHOAFRX=3739648.00m, Y=38427926.00m, Z=119.788m.
22 HH@ERNG R

WKL R REFH T, 0 O Aah @R, & mKEE S
EACRIEE, DG HERIESAS, BIFrEFF. Z 3. BIFE. dbl IR PR
XS24, BIE RIS = HIF. 7 A — K, B K, B
AP RIX R O =R X R @M O = R IX . i A 10732m/min, A
HEXE11086m’/min, A %A %86.4%.

2.3 il

R ELEIERT . N Oy PEEEMBT I T s 60 ey Moy 108 Tise
Cies 17HEE, BEFELOR, BT A MERNTRE, HHDR ST H
M2 AT IR EE, DUKHE (88) 4R 283775 SUAI PR A 74(93)63 5« (94) P o
42°5 . 46'5 AR E ML FEBUR AN T

JeiB: T\ K BEEBRBEY LERIR LTS . B ZE R B DL-450m 5 5
4, WEURKILEIZ SN N Rl THREUBRR L. KMmpeEEE sy
A LLA3EN R 4 2R 470m 5 200m 5 -EA AH AR s U BAR TS LAT0506~T0509 44 br A1
5005 Mz, R LAA3EIERZE AR 200m 5 LA N s B IE TSR 2 B Sk KU
s PEERT S K. CRIBEEBLLLSORNIRZE 5+ — 0 HL4l; FHm i h47-140 38
RL40°T5 1 28 K CLR B -280m A -320m B AR 5 1 28 5 T B3 PG T OB
PA-600m. JHREEL PL-650m. LA B B35 BA-800m B Al 56 Ry 2 7t

6



WRE T REAR R R B3O

2.4 FHMEIE

JFEAL T ORI R, S — MR SRR, 2 E ) 85~
125°, fiif] 0~30°, Wi —M 10~15°, 4R 2T, B TWEm, 6
AECK . FFH NS WiEERE, AL/ E R E.

2.5 FHHE

XWAARKR _-SREHMZ, 7K FEHTREE NP0 Cis. 17+ Toase
Caas Koo 10v Mg Ts 6 MAEEINE, Bay AMERAERIEE, 05 A7 T K5
H, WPEEM T AGETHS . Hd P Cie 1rv Tass Koo 10v Mgs FT 5, ol
EREXTR, By O MR EEE SRR
26 Coiss Do 7 EELHETN. A HERE

(1) Btz

AT Pa g B, LR ER D A (KS)39~81m, P 60m. thTICAH &I
Vs, HEBETUNRAS RS, & 5~10m, ZTONFRbE, & 10~20m;
IR IR B, JRAREN C 16, 17 BEE Z THAR o

s ZE0.1~6.37m, “F350.93m. EEHAR. B4R bR, BELSW
e, KW, EIHEEEN, AWRMPEHZEEREALH, HRRK. fEIFH
PR L NATRX, BEARR A Hr=51.6%, I RIEHK,.=68%, JEAFEEMH
=8

(2) CierEE

PP PEAE IR, R AP 5 (K5)46~99m, “F¥70m, B skE2~
28m, “F#418m. WA JEL£0.2~0.5mf R e s T, BTN EZ10m Ak
HMGHRN A T2, ZTUNS~8mIId ~ kb 2 AN JF4.8~10m 1)) A 5L
W, B R,

e 17HEIR0.61~17.5m, “F¥15.12m, DHVEIE 5 S8 W2 i B
W2 BYUR, bR, AR, SRR, SRIF1I~3Z, 288 E,
By AN RITy Oy

PREG LA TS TR AT, Cae MR EE — KB, HEZR R
=36.1%, " RIEHK,=98.6%, JBEXEFE i XHE.

(3) CusKET. A HERFE

AR BT A AT, TELK B . BRI A S iUe s B2, JF415~10m.
ZIUAEL10~20m )~k Rb 7, RAE, ZBEAKRE. NIETR; K

7



WRE T REAR R R B3O

RIS, BEEERNIEA K EAbE .

(4) Che. 7 ZT SR HERFIE

HHRIHIEL 02~0.5m FIRFES VoA, BRK. BEETN
e m e Z AN, JBZ) 4~10m, YA E RBUON 4~6. Z TGN~ FRifd A,
JEY) 3~8m. BUKIREE, BN AAEERES . IR0 EEERCNTE
w R Be, JE4) 4.8~10m, I RECH 10~12, AGJKE. ZE g~
FItb A o
2.7 W HLETR AR

2003 4E RIS SE R, WLt BT B BN 17.75m /min, AN BLIYE H
BN 11.73m/t. 2004 ERUHTE AR, B4 FLR H 2N 25.12m /min,
FAKT ECH I 2N 9.47m e, o O =SRIX 4% BLA B 16.73m/min, A
Xt LI O 8.6mP /e HLBHAE TF R FE RGN, 57 BL I H ol 2 ik
—BHIR.

2.8 T 15—23190 {3 E TAE MG

C=TERXALT T HHEARICE, AR FERS, REXAREHN
-450~-650m, XJ N HUEARE A+165~+335m, KN 615~985m, JFKHEZEN
s CPYEE 1.em). & 16 7 HE UEE 3.4~4.0m), H)ZER NW60°, i
1 6~10°, KX TAEEN 1500 /3 t. © 6. 7 BEEZH S LITREEZ, &
s BEEAFERHBE .

Cb 1523190 RN AN = FERX REIE A TAEM, 20 16 17—
23190 KT R Z . & 15—23190 K& M 1100m, RO s B2, = 57.0
Fit, FEBERIRC 16 17—23190 BJZ, & 1064 /i t. HT O sHEZE5C
16. 17 B E Z A FEN 2.4~11.2m, O s EEFRE O 16, 17 B2 FLETHR ) RETRA
KA 2] o 2RI BB 2 15— 23130 SRR 15— 23170 SKIf /£ [F R H 1A BT
O 16, 17 JEJZ TR SV HH 3 B FC i 0 R R, e KT 0 28 % 9 HH == 29 il oA
14.18m*/min. 15.64m’/min.

Ch1s— 23190453 2 TAETH & [ K 1100m, TR 152, #2151 JEE1.6m,
S E7.0 mt, RGEREST.0N PR 2 e 17—23190 TR, #HZ
JEFE3.5m, FLTE RIS mot, HERMEE106.47t. CusiES T 122 FEE
F24~112m, JEEAMHEILE2—1,



WRE T REAR R R B3O

R b X

e FEARE | ot

TR s
R kG, R, Sl

Ve s RSk R, R

o G, P FTEREL RS
PRI i

R I, Sk, AE

Jer | Z R .
3065 éﬁsl*j %Eév ﬁﬁéj){j‘(, /ﬁ'\gﬂ]i‘
N W F, BEATHR, A IRHk.
P.5[19.0 EEE E//h)ﬂ’i %jﬁél %%%%*@, iﬁ?ﬁ(

=laris 32
Rl Teh [Pk, K, IR,

b Cuo | EITLHE Bk, T,
77777 B B Ry BAR.

o === W A, ok, AL

— WA, AT IRBGE BEIRG

e R, A S5
F2-1 HAZEFRE
TE Coe. 17— 231318 FF L1 A 1.85MPa, W FLET & B 416.64 m/t, R
O =KX M &N, KXJEEEE NOIMPY | K, MEEZEAM R
Y=0.002m%*/atm’d, T KRESFLIHEE0.01m>/ F 2K, HHCEE (BB r=5m.

e . e
ok 1 U BN, AR
— ‘JE% L . .
e — i%ﬁrgﬂ%o
1.5B24 : ‘ : %7}2% ?ﬁj‘j_{éy ﬁ@{j\(, é’l\iﬂ%/f/tE"
— W » ‘
sl E— IR, AR,
:::%E
[
I I
I




WRE T REAR R R B3O

3 RiFER(EREE

3.1 R Ee X

PRI 2, — BORARE R M IR E R i AT TR TR H e
P B B E R N . TERIP RS, XA SR Fe = 7 A R R
A2 BRGNS R fa R, AT BIRT h S T i H . AR
P EMEARE, A LR ERMT R E. TR 2 sy ELR
PE, RZMFRIPE. BRI Z5WRPZ MR h 408 EEER
P2 h<10m; HEEEEYE 10m<<h<60m; TEE{#H")ZE h=60m.
32 R BIFRMIEHES LR HER R

P ERERTT R, b, THUZ =AU h sk miIR, SR B R N )
AR T RN s BEEE RS TR R TS EGE SRR B E R
. bBE, RE G BRIRERKI, N KTEE AR, ik
Fe RIS LT RS P, 0 A R S g e B ) P AR B 2 i O, Ll R &
SRR EE, RER S PR, BRI AN R B8 A SR ST A5 13
S PRIPETTRBIAH S LR EEIE 3. 1. (R EIFRE, #HRE
IR T SESERIFI LT IR D1 R AR BB, IR AT (G, SR AFE 2
Se I, A R AR B AR R TAR I RG77 10~20m AbJFah, —MAE
TAEHET7, IS T FE ey, FO s 04 R A 2 3 84k
3.3 RIFBERIBERRYT EREE

TR JZ OR3P VE FH BE 2 1R)EE B 38 ORT9s/)y, k B3 — I SR s iy, ORI E
HOARE, ZIGFEERNERZREE . FRERYE K &R TR a4
A, FERIREE/NT 550m, TR ZHE R R FE Iy SUBRHEZ EORY
Jz 60m, FRIZE 80m, ZEIRIABIRHEZE EORYZE 50m, FORYZ 100m. ik
PRSP JE IS NARYE CRAPE T . TR B 738, [RR AR T B R TR IR P 46
PR MR € i

10



WRE T REAR R R B3O

iAW A Wk g
HE R HAE O
/>
B A W E S
1 BB B (T
i R
W5 R
%mﬁh
KR 9
g% R
K Fl %
Bk R
i3 5 f8 J1 K

& 3.1 (RIPEFFRPTIAHR S AR R RIEE]

3.4 #RTBA MR CEE
(1) LRI ) )& EE R FiT R

LHFEART IR AN DA ORI IR R TAE % T I KK TR 80% 4
Prife, W BRI EE AT TR ZARNT 1 AFZ R, TR EERT TR
FEARLNT 0.6 2R FEF 3 H PRI HUESE T IR 4510 . FRER
LA HEBONHITE, R E AN e A4 B e, FERE 78 43 HE R B R o, A
NI E AT R R EE B A RN T 2 52 RIEE, AR /N T 40m, SEERIE
B, IOX— R A E, X vE RS IO R AR LR R A . e i
JE I, ST T 2 15— 23190 MAZERT O 16.17— 23190 (L JZ A FELE 2.4~11.2m
Z I8 Z/ 40m Aty BARER B R/ R AR SR E LR E .
(2) LRI Z IR E ) 30 R AR

TEORY 2 TAE I A6 R 515 R4, Tk & b /R LA St IR 2
(R ARG B NN TR P R I TERVG ], B ORI = A6 R 2 515 K 4 B PAfR
PRI KRG RENIE—CiE, ZEESEMEEAC, RIERKEN,
Xt EARIER 0.55~0.67 (R EFENE, BAAHERN ChREE . BRI E
BN BIFE ORI B 06 R 28 515K 48 40m LAY, {RYPEFFRMEERT 3 4N H LA L
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(2) MAFEY I AFRRTEMGRTZ, DRI R ORISR RO Bt
TS, RAEERERIE T TP RIBABPTR T

12



WRE T REAR R R B3O
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(PriaiE5 O s Ay 55 46 26000E: B I I Z48A R i,
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WA AR BRI ¥ 9% H 4 it
4.1 TLETHLE 247
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FRARTANC, 15—23190 3 TAET, 763830 72 oo AT ER Wt 2 A ER RS it -
4.2 “PUfr — R 2 E Bia RS L R 1
4.2.1 T H S b 1w
4.2.1.1 FRIAERR A FHE 1% 8
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G TAR, ORI RAE ;R AL A TG FLI) g AT S B 357N

14



WRE T REAR R R B3O

T HIE FHERS, TAET 77 TN JE R fa ke TAER, oo ek TAR T o) B4
R A B Tt AT 4 R

) TAETHIE LN TS BLIA 9 R a i TAETH, A AR BT R i

OER MM Z G mIAT, WFEWE. .

QA 25 A SR AR A R X 35

OINPAL=Y IS

@FE TAET T 2 A I FL . TS &3 ISR AT

G LAE I H 0B 2 1 5 H TR

6) Tz A HARE R

(DB FEMIR T2 i By Il A4 5 7 rTRFIE B RIAE L

QWA T H L AUA RN TELF, T8 A B 07 B, M 5
FE G S D FESEER QI g fED.

(3)i - HiT 4 2k A BRPE 350 7 ST [ 473 Sk 5me IS, Bk A, BT
J& SRR 71 %2 42

OMAR TAEG ARG, IR T 2037 B 4% 52 SR AR L7 T SR 3RS (977 5% 43 Tt LA
B AR B MRS B, DR 2y b 20 LA O3 L i A R BT R
MRX TIIAILFELET, TG AR TR S TR S B RAEHL R 7
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Fz43 O 1523190 TEmiEHHR B RATEHESR

jge s UK UR RMRERGEN K B AR B
/% /m’/min  E/m’min F¥/% /m*/min i E/m’/min
E 02 293 0.59 E 02 29 0.58
04.05 # 0.1 291 0.29 0405 03 288 0.86
T 02 294 0.59 02 290 0.58
0406 02 290 0.58 0406 £ 02 292 0.58
Foo01 288 0.29 02 286 0.57
E 02 294 0.59 E 02 29 0.59
04.07 04.07
0.2 315 0.63 03 465 1.40
E 03 566 1.70 E 06 523 3.14
04.08 # 03 564 1.69 0408 04 533 2.13
T 02 559 1.12 T 03 540 1.62
E 03 551 1.65 03 588 1.76
04.09 # 02 582 1.16 0409 *H 02 577 1.15
T 0.1 579 0.58 T 04 572 2.29
E 04 567 2.27 E 02 566 1.13
0410 # 04 573 2.29 04.10 * 02 566 1.13
T 03 576 1.73 T 02 562 1.12
E 04 575 2.30 E 02 573 1.15
04.11 # 03 573 1.72 0411 # 02 571 1.14
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05.01 # 0.1 556 0.56 05.01 F 0.1 566 0.57
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5 B 15— 23190 (RiIFEFREABI R ERIEL R

5.1 {R3P 2 815K FLETIE H B TR

A H BLITR T 5 3 AT U LR B geihik, B
2 PRTEEE, SSHIRSE. WG R IINTT vk, S5 AT T AT BAR R BL
W BERL, R C 15—23190 AR I PLATR H B TN 0 PR T

TR 2 B RS 18] DR 2 P BL AT HE 2 BRI IR 3P R A R AR )Z

(D RPEAEZ (WFEEE) R E

Q1:k1*k2*k3ﬁ*(xo_xl) (5-1)
m
A
g—RIPEABRE CUFEEE) HxXRmEE, mr;
k—E A TLbrim i R 5L Ki=1.15;
K2— TARH EHE LR /5L k,=1.2;
K3—AE 288518 FHE L% AR T A4 BU 0Ty HH s 2R 4
L-=2h
ky = =0. 831;
A

L—— [ R TAEMCEE, 190m;
h— 838 FLITTIHF S 56 %, ms AFEA MR Z A AT REA A,
TS TSMER . h=16m;
m—EEHRIEE, m, m;=1.6;
me—IR 25, m, my=1.6;
Xo— 2RI T & &, mt , Xo=7;
X—IERRA SR, mt X=3,
Zit i g, =4.58 m/t, SR AT BTN H R LR 5-1.
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# 51 RPEREEAF B = Ext N 4axd BLIHE H &

Hr= &/t 500 800 1000 1500 2000
L B
E"ﬁ! i Hj - 1.59 2.54 3.17 477 6.36
/m’/min

(2) ABITJZE LIy H &
%zzn‘,ﬁki*(xm_xli) (5-2)

=1 My

e

q, — 3BT E A FLE . m/

m,—5 i MEEEREE, m, m,=3.5;

m,—ITRZEHIRIEE, m, m,=1.6;

X, —H 1AL R RGNS &, mn, X, =17;

X, —H i IE R SR, m, X, =3.5;

k,—5% 1 AR B, 25K 5-1, Bk, =0.56.
ZitH g, =16.54 m/t, LGNS FLITN H WL 5-2.
(3) fRYETAETH LR &
[ R TAETH BLATM H B TR E (AR 4RI 2 O &2 P o 4

B it EAAN:
95 = 4, + 4, (5-3)

K

g,=4.58 m’Mt ;

q,=16.54m/t ;

g, — AR TAETH A XS BLIT B, m/te
Zit5 g, =21.12 m/t, BB AR FU T H LR 543
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& 52 ANEEAR B Ex M40 B HE

Hr= &t 500 800 1000 1500 2000
5V
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/m’/min

* 53 RIPFEARF B =B B HZE% FLATE &

Hr= /i 500 800 1000 1500 2000
o LB
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/m’/min
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5.2 TLETHI R LB S5 TAT
5.2.1 DU e b 224

(1) %W R 2R WA HE & effGxk, DIRGES, il
W e, B U BN, AR oS PU R
FER P, 2 ST H T K A PL I R G E I R IR L RS, B AR
FLER A (WLER 5-4),  [RICaA 20 4 S7 1 T 7K A F 750 BL 30 22 B8 sl T i ) 4
LT R4

R 5-4 A ELHEEHENNHEHE—WE

B mn

P SN BE OV AR O=KIX

& 27

CH,4 CO, ~F CH,4 CO, CH,4 CO,
1995 11.11 830 3.69 3.05
1996 11.02 905 R 1477  9.65
1997 1220 8.02 Y 10.17  5.16
1998 1250 691 R 11.0 4.42
1999 10.18 773  &H 12.97 8.23

2000 1821 930 N 3242 297 18.66  7.03
2001 11.16  6.19 Z=H 759 444 1235  4.82
2002 1036  7.25 M 11.86 1348  10.11 6.22
2003 11.73 945 R 2335 19.39 9.3 7.4
2004 9.74 513 M 1327  8.05 8.6 4.39

() B 2 2FAED I TLITHh BSOS AT Y DA CREaR Tl v REE )
A REHIE : 24— ANEER AR 14856 B K T5m’ minsl— Mk T
AR T ) BL3YT VAT H K 1 3m/min, SR 38 K7 ¥R A ok B30 AR T i BN B B R R
LS . Cs— 23190 1 3 s — 23130 K AL [FER BAE BT e, 17
H 2 BT BV 36 Bl B AU IR, 35 K B BT 4569 HH R A 14.18m/miin.
Clys— 231900 5% 13 1A] B A& o v B B NG A 14.66m°/min (H7F#10000) . [t
Chis— 23190 [B1RA A FEAT BL A2 6 221
QVRTE CHE 22 2R SE—a LT\ KB T RARI 2 B I 7] B e e
BRI R » Clis—23190K H 2 Clie, 17— 23 190K H MR Z, Ik, X
Ch1s—23 190K 101 (1) BLIT B2 0 21
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5.2.2 WAL

(1) TAEHs RS KE, HHEAm (5-4):

Q, =L*H*D*V*60 (5—4)

A

Qg— LAETH AT A4S K, m’/min;

L—&/METEE, m, L=3;

H—*%&, m, H=3.2;

D—f7 &b 524, D=0.7

V—TAEH RV = XE, mls, V=4;

M Qg=1612m’/min.
(2) JERITIER] LRSI R K FL R o, AR (5—5):

q=0,*C/K (5—5)

A

q— 8 X7 92 AT DA R P B K B0 TG L

K — UM AN T 28, B K=1.45;

Q— TAETH AT LAELS K, m*/min;

C— (B2 MAE) RVFRERYE TAEH UK, %, B C=1.
| g=11.12 m*/min.

TSR R, I K5 AT R e B BT o 1. 12m /min, 1% H
1000t 15— 23 190 B SR 3 1] f BL 37986 HH 2 U A 14.66m/min . BT S 388 X
TIE IO MR FOIT I R, DA ZB0R R 74 1 e
5.2.3 BLirHTE AT AT I

(1) KTH FL AT it B 2 48 75 R TH) (21K sk A2 AR e 9% 1) AR T HE B 5 452 2%
Rl BT A7 0 Bl & T SR A O (5—6):

Wi =C*A*X (5—6 )

A We— TAEm k=, 77 m’s

C— A Fuilnfi = 2% , B C = 1.05;
A— R B E T &, g,
X—FH L&, mi.
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AR E R L E P RE s I L=, Al (5—7) &
W= ﬂk* Wi 5—7)
L Wi —FI LT &, /5 m’;
e —R T BLATTBCE, B i = 30%;
W, — K FL &, 7 m’.
£5-5 ©15—23190. & 6 1—23190 FLETER R THNE T EER
Wt t e Em e WHEE/F m’ ArdhE/ i m’

= 16 17 106.4 16.64 1859.0 557.7
= s 57.0 7.0 419.0 125.7
ann 163.4 2278.0 683.4

(2) © 1523190 RIFZHGERTITR, {6 E. NHUZ AR EU R TR AR,
SRR PIBE RN ), T Risk R g BEEA BT . U ihEE IR
WAREMmR. FE, ﬁﬁﬁaf%ﬁEﬁW%ﬁ b ) R Bl A ORI
TE Ve A Xt BT AR PTG g5k B 30 P P A P B M A s, B0 6
ZRRIT R, KRERTEAR, BEE2ESERIAEE E T4 Ersgmn.
PR, O 15 —23190 LRAP 2 [EERHATE], #1372 O 16.17—23190 fifi A7 10K & LR
I X SR BN RS JE o MO JE B ORYT 2 BT B & 2 15— 23190
KA X BT BLHT, A AT DA Rk 28 FL T B BR S, 1 LT AR R R Z 16
1723190 PR S AT AR R AR 2, NH e m R =it 1 %A% .
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6 RIFEFED :—23190 TIEA
[SR: 1) R R W

6.1 TLEHHIBOT L% HE

B E—FE A, AR 2 [ R R BC 3 7R H B 14.66 mP/min CH F210000),
Hod i R A 485 FUITM HU B 3.17m /min CHP210000), 1142 @A
547 2 B BLITR H B 11.49m/min CH 210000, #4837 2 FL IR H 15 79% LA
by AT IR B S EERIR TR AR S . TR R B B 3 R R
ERAZ X MABRAZIR N, B R 2R 2 X UG HE (R 2 %
ENEPOPS

FUIR H 2 B RS JE e 17— 231908 BLiT s 77, HEHFRHR
HfEkt:, ART A, PO R AL mrE . mAEER, R
RAPZ R AR B A BUAT AN B R I CRUEAS A2 JIRAR SR B -

PRI LR 2 FLATRIR S FLT R H (0 S A B e A %, TR —
E LA FLIMBOR R 2 XA i 6 TR Ao 28 /P &G FLA O 2 2
Bl LI B dh Lo
6.2 AEMILEI KW E

r ARG FLAI TR A A ) KPR LI S BRES LA L2 6, X TR mseoscf i
EHOHEMEER . B eme e LR BIETUR M BN, WA LA EAE
BiE N, BEETBCE NS, AU Ms iR, Aeemdl, FieiEdm
i [FIR, BSFLASBRAT B TR (2L Ry DA b, an SR RS FLAT E R DA |,
T BUERR, ROk, Rk, NOEEGFLAR B TR MR R, il
1o SR 5 24 B X 48 o B A AT b

ZARY R TAEm R S 1.6m, Wif10°, B IEH = EN:
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Status of worldwide coal mine methane emissions and use

Abstract: Underground coal mines worldwide liberate an estimated 29 - 41X 10’ m’
of methane annually, of which less than 2.3X 10" m” are used as fuel. The remaining
methane is emitted to the atmosphere, representing the loss of a valuable energy
resource. Methane is also a major greenhouse gas and is thus detrimental to the
environment when vented to the atmosphere. Coal mine methane recovery and use
represents a cost—effective means of significantly reducing methane emissions from
coal mining, while increasing mine safety and improving mine economics

The world’ s ten largest coal producers are responsible for 90% of global methane
emissions associated with the coal fuel cycle. China is the largest emitter of coal
mine methane, followed by the Commonwealth of Independent States, or CIS
particularly Russia, Ukraine and Kazakhstan, the United States, Poland, Germany,
South Africa, the United Kingdom, Australia, India and the Czech Republic. Most
of these countries use a portion of the methane that is liberated from their coal
mines, but the utilization rate tends to be low and some countries use none at all.
Coal mine methane is currently used for a variety of purposes. Methane is used for
heating and cooking at many mine facilities and nearby residences. It is also used
to fuel boilers, to generate electricity, directly heat air for mine ventilation
systems and for coal drying. Several mines in the United States sell high—quality
mine gas to natural gas distributors. There are several Dbarriers to decreasing
methane emissions by increasing coal mine methane use. Many of the same barriers
are common to a number of the subject countries. Technical barriers include
low—permeability coals; variable or low gas quality, variations in gas supply an
demand and lack of infrastructure

Economic and institutional barriers include lack of information pertinent to
development of the resource, lack of capital and low natural gas prices. A possible
option for encouraging coal mine methane recovery and use would be international

adoption of a traceable permit system for methane emissions.
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1. Introduction

In recent years, coalbed methane has gained attention as a saleable natural gas
resource. Methane can be extracted either from coal seams which will never undergo
mining, or it can be produced as a part of the coal mining process. This paper focuses
on methane which is produced in conjunction with coal mining operations ( coal mine
methane) . According to the United States Environmental Protection Agency (USEPA
1994a) , underground coal mines liberate an estimated 29 to 41X 10’ m 3of methane
annually, of which less than 2.3X10°m’ are used as fuel. The remaining methane
is vented to the atmosphere, representing the loss of a valuable energy resource.
This paper examines the potential for recovering and using the methane which is
currently being emitted from coal mines.

There are three primary reasons for recovering coal mine methane. The first reason
is to increase mine safety. Worldwide, there have been thousands of recorded
fatalities from underground mine explosions in which methane was a contributing
factor. Using methane drainage systems, mines can reduce the methane concentration
in their ventilation air, ultimately reducing ventilation requirements

The second reason is to improve mine economics. By reducing emissions and
preventing explosions and outbursts, methane drainage systems can cost effectively
reduce the amount of time that the coal mine must curtail production. Moreover,
recovered methane can be used either as fuel at the mine site or sold to other users.

The third reason for coalbed methane recovery and use is that it benefits the
global and local environment. Methane is a major greenhouse gas and is second in
global impact only to carbon dioxide; methane thus is detrimental to the environment
if vented to the atmosphere. Although the amount of carbon dioxide accumulating
in the atmosphere each year is orders of magnitude larger than that of methane,
each additional gram of methane released to the atmosphere is as much as 22 times
more effective in potentially warming the Earth’ s surface over a 100-year period

than each additional gram of carbon dioxide (USEPA, 1994a) . Compared with other
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greenhouse gases, methane has a relatively short atmospheric lifetime. The lifetime
of methane (defined as its atmospheric content divided by its rate of removal) is
approximately 10 years. Due to its short lifetime, stabilizing methane emissions
can have a dramatic impact on decreasing the buildup of greenhouse gases in the
atmosphere

Coal mine methane recovery and use represent a cost—effective means of
significantly reducing methane emissions from coal mines. Methane, moreover, is
a remarkably clean fuel. Methane combustion produces no sulfur dioxide or
particulates and only half the amount of carbon dioxide that is associated with
coal combustion on an energy equivalent basis.

Because of the environmental impact of coal mine methane emissions, the USEPA,
the International Energy Agency’ s Coal Advisory Board (CIAB), and others have
investigated methane emissions from coal mining worldwide. The USEPA (1994a)
estimates that the coal fuel cycle (which includes coal mining, post—-mining coal
transportation and handling, and coal combustion) emits 35 to 59X 10’ m3 of methane
to the atmosphere annually. Table 1 shows methane emissions from the world’ s ten
largest coal producers, which are responsible for 90% of global methane emissions
associated with the coal fuel cycle. Underground coal mining is the primary source
of these emissions, accounting for 70 to 95% of total emissions.

There are many opportunities for decreasing coal mine methane emissions by
increasing recovery of this abundant fuel. Section 2 examines the status of methane
recovery and use in key countries worldwide

2. Coal mine methane recovery and use in selected countries

2.1. China

The Peoples Republic of China (China) produces about 1.2X10° raw tons of hard
coal annually (EIA, 1996). In 1990, coal mining activities in China emitted an
estimated 14 to 24X10°m’ (10 to 16X10° ton) of methane to the atmosphere,
contributing one—third of the world’ s total from this source. Not only is China
the largest coal producer in the world; it is unique in that underground mines

produce over 95% of the nation’ s coal. Because of the great depth and high rank
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of China’ s coals, underground coal mines have higher methane emissions than
surface mines

There are currently 108 Coal Mining Administrations (CMAs) in China, which manage
more than 650 mines. These state—owned mines are responsible for most of China’ s
methane emissions, but there are numerous gassy local, township, and private mines
that cumulatively produce over one—half of China’ s coal. However, these non—states
owned mines are not gassy (International Energy Agency or IEA, 1994).

2.1.1. Methane recovery and use in China

China has a long history of coal mine methane drainage, and the volume of methane
drained has increased markedly during the past decade. Nationwide, coal mine
methane drainage at state—run mines nearly doubled in 14 years, increasing from
294X 10° m” in 1980 to more than 561X 10° m’ in 1994 .However, this is still less
than 11% of the total methane liberated annually. Approximately 131 state—owned
mines currently have methane drainage systems. Less than one—half of these mines
are set up to distribute and use recovered methane. China’ s state-run coal mining
administrations use about 70% of the methane they drain (USEPA, 1996a).

Most of the methane recovered from Chinese mines is used for heating and cooking
at mine facilities and nearby residences. Methane is also used for industrial
purposes, in the glass and plastics industries, and as a feedstock for the
production of carbon black (an amorphous form of carbon used in pigments and
printer’ s ink). Methane is also being used, to a lesser extent, for power
generation. In 1990, the Laohutai Mine at the Fushun Coal Mining Administration
built a 1200 kW methane—fired power station, the first in China.

Several barriers currently prevent China from developing economic methane
recovery from coal mining to its full potential. Critical barriers include the lack
of an appropriate policy framework, limited capital for project investments and
equipment, the need for additional information and experience with technologies
and the lack of a widespread pipeline network. Artificially regulated low gas prices
and difficulty with repatriation of profits, create barriers to foreign investment

in joint ventures for production of domestic energy resources (USEPA, 1993).
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2.1.2. The future of methane development in China
Recognizing the need for a unified effort in advancing coalbed methane development,
China’ s highest governing body, the State Council, established the China United
Coalbed Methane Company (China CBM) in May 1996. As a single, trans—sectoral agency,
China CBM 1is responsible for developing the coalbed methane industry by
commercializing the exploration, development, marketing, transportation and
utilization of coalbed methane. The State Council has also granted China CBM
exclusive rights to undertake the exploration, development and production of
coalbed methane in coopera— tion with foreign partners (China Energy Report, 1996).

More than 20 coalbed methane projects are underway or planned in China, and at
least half of them are taking place at active mining areas. Some of the projects
are state—sponsored, while others involve joint ventures with foreign companies.
The future of the coalbed methane industry in China appears bright. The government
recognizes coalbed methane’ s potential for meeting the nation’ s burgeoning
energy needs and is generally supportive of efforts to develop this resource. With
deregulation of energy prices, increased capital investment 1in pipeline
infrastructure, and ongoing research efforts, China can likely overcome its
remaining barriers to widespread coalbed methane use.

2. 2. Russia, Ukraine and Kazakhstan

In 1994, Russia produced more than 169X 10° ton of hard coal; Kazakhstan produced
nearly 104X 10° ton and Ukraine more than 90X 10° ton. The coal mining regions of
these republics liberate approximately 5.3X 10" m’ of methane annually, of which
less than 3% is utilized. This amount represents about 20% of world methane
emissions from underground coal mining.

The energy sectors of these Republics are at a turning point. The coal mining
industry, in particular, is undergoing restructuring, a process which includes
decreasing or eliminating subsidies, and closing many of the most unprofitable
mines. The industry is being compelled to become more efficient in order to increase
profitability. Mining regions are also seeking to mitigate environmental problems

resulting from producing and using coal. Thus, there is an impetus to utilize more
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natural gas and decrease dependency on low grade coal. Increasing recovery and use
of coalbed methane is a potential means of improving mine safety and profitability
while meeting the regions’ energy and environmental goals.

There are five coal basins in the Commonwealth of Independent States where hard
coal is mined and which have the potential for coalbed methane development.

They are: (1) the Donetsk Basin (Donbass) , located in southeastern Ukraine and
western Russia, (2) the Kuznetsk Basin Kuzbass , located in western Siberia
(south—-central Russia) , (3)the L’ vov-Volyn Basin, located in western Ukraine,
which is the southeastern extension of Poland’ s Lublin Basin, (4)the Pechora Basin,
located in northern Russia and (5) the Karaganda Coal Basin, located in Kazakhstan.

Of the five basins, the Donetsk and Kuznetsk Basins appear to have the largest
near—term potential for coalbed methane development (USEPA, 1994b) . Both of these
regions are heavily industrialized and present many opportunities for coalbed
methane use.
2.2.1. Options for methane use in the CIS
2.2.1.1. Heating mine facilities. Currently, most mines use coal-fired boilers to
produce steam heat for drying coal, heating mine facilities and heating ventilation
air. In some cases, mine boilers also supply thermal energy to the surrounding
communities. Boilers can be retrofitted to co—fire methane with coal, a relatively
simple and low—cost procedure. More than 20 mines in the Donetsk and Pechora Basins
use methane to fuel boilers and several mines also use it for directly heating air
for the mines’ ventilation systems and for coal drying (Serov, 1995: Saprykin et
al., 1995).
2.2.1.2. Use in furnaces in the metallurgical industry. Another viable market for
methane use is the metallurgical industry. For example, the city of Novokuznetsk,
in the southern portion of the Kuznetsk Basin, contains numerous gassy mines and
is one of the biggest centers of metallurgy in Russia. The region’ s metallurgical
industry consumes about 54 PJ of natural gas annually, which is equivalent to about
1.4X10" m" of methane (USEPA, 1996b) .

2.2.1.3. Power generation at mine facilities. Most mines purchase electricity from
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the power grid. Co—firing coalbed methane with coal to generate electricity on—site
may be a more economical option for these mines. Coalbed methane can be used,
independently of or in conjunction with coal, to generate electricity using boilers,
gas turbines and thermal combustion engines (USEPA, 1994b).
2.2.1.4. Use as a motor vehicle fuel. The Donetskugol Coal Production Association
in Ukraine is draining methane in advance of mining using surface boreholes. The
recovered methane is compressed on—site and used as fuel for the Association’ s
vehicle fleet. The refueling station, which has been operating for more than three
years, produces about 1,000 m’ of compressed gas per day. Based on estimated gas
reserves it is expected to operate for a total of eight years ( Pudak, 1995 ).

While many mines in the CIS are utilizing their methane resources, the majority
are not. Certain barriers must be overcome before recovery and use of coal mine
methane becomes widespread. These barriers and their potential solutions are
discussed in greater detail in Section 3 of this paper.

2.3. The United States

There are five major coal producing regions in the United States from which hard
coal is mined and which have the potential for coalbed methane development. They
are: (1) the Appalachian Basin, located in Pennsylvania, Ohio, West Virginia,
eastern Kentucky and Tennessee, (2) the Warrior Basin, located in Alabama, (3)
the I1linois Basin, located in Illinois, Indiana and western Kentucky, (4) the
Southwestern region, including the Uinta, Piceance, Green River and San Juan Basins
located in Colorado, Utah and New Mexico and (5) the Western Interior region,
including the Arkoma Basin of Oklahoma and Arkansas

In 1994, an estimated 4.2X 10’ m’ of methane were liberated by underground mining
in these regions, of which less than 0. 7X 10” m’ were used (USEPA, unpublished data) .

Currently in the United States, at least 17 mines in six states ( Alabama,
Colorado, Ohio, Pennsylvania, Virginia and West Virginia) recover methane for profit,
primarily through sale to gas distributors. In 1995, the total methane recovered
from these mines, including vertical wells draining methane in advance of mining,

exceeded 1X10° m’. By maximizing the amount of gas recovered via drainage systems,
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these mines have greatly reduced their ventilation costs, improved safety
conditions for miners and have collected and sold large quantities of high—quality
gas. Following is a brief description of selected coal mine methane recovery
activities in the United States.

2.3.1. Warrior basin: Alabama

Six of the seventeen US mines with commercial methane recovery systems are located
in the Warrior Basin of Alabama. Today, energy companies recover methane from the
Warrior Basin by horizontal wells, gob wells ( in areas being mined ) and vertical
wells (in both mined and unmined areas) . Most of this gas is sold to regional
natural gas distributors, although there is some on—site mine use. In 1995, four
mines operated by Jim Walter Resources produced more than 380X 10° m’ of methane
for pipeline sale and USX’ s Oak Grove Mine recovered an estimated 117X10° m’ of
methane for use.

2.3.2. Appalachian region

Eight mines in Virginia and West Virginia have developed successful methane
recovery and use projects. The Consol mines in Virginia are the most well—-documented
examples. Consol produces gas from a combination of vertical wells that are
hydraulically stimulated, horizontal boreholes and gob wells drilled over longwall
panels. In 1995, Consol produced approximately 688X 10° m’ of saleable methane from
three mines. Methane recovery efficiency at these mines is higher than 60%.

2.3.3. Southwestern region

The Soldier Canyon Mine in Utah recovered about 10.9X 10° m’ of methane for sale
annually until early 1994, when production was curtailed and gas sales ended due
to low market prices

2.3.4. Summary

While methane recovery has been economically implemented at the above—described
mines, safety and high coal productivity remain the impetus for their
degasification efforts. Methane drainage at many gassy mines in the United States
is limited or nonexistent. Section 3 of this paper discusses potential avenues for

increasing methane recovery and use in the United States and other countries.
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2. 4. Germany

Germany produced nearly 54 million tons of hard coal in 1995, all from underground
mines (Schiffer, 1995) . Of this total, 43 million tons were mined from the Ruhr
Basin in northwestern Germany (Von Sperber et al., 1996) and most of the remainder
was mined from the Saar Basin in southwestern Germany. Until recently, hard coal
mining was heavily subsidized in Germany, and the industry’ s future is in question

(Schiffer, 1995) . Even mines that are closed, however, can continue to liberate
methane for long periods of time. An estimated 1.8X 10’ m’ of methane are liberated
annually from underground mining activities in Germany, of which 520X 10° m’, or
30%, are drained (63 TEA, 1994) . About 371X 10° m, or 71% of all drained methane
is used, primarily for heating or power generation.

Government officials suggest that as much as 45% of the methane emitted from coal
mining activities could be drained and used in a variety of applications. The
primary barrier to increased methane recovery is low methane concentrations in the
gas mixture.

Safety regulations in Germany prohibit any utilization if the methane content
is less than 25%. If the average recovery efficiency at German mines is to be
increased, it will be necessary to adopt practices that will recover methane in

a more concentrated form.
3. Barriers to decreasing coal mine methane emissions

There are several barriers to decreasing methane emissions by increasing coal
mine methane use. Some are technical, such as low coal permeability, while others
are Institutional, such as low gas prices. In a few cases, certain barriers are
country orregion specific, but most cases, many of the same barriers exist in
a number of countries. This section discusses obstacles to increased coal mine
methane use, and potential ways to overcome these obstacles

3.1. Technical issues

3.1.1. Low—permeability coals
Coal seams that exhibit low permeability pose special problems for developing

successful methane drainage and recovery systems. Methane desorbs and flows through
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natural pores and fractures until the gas reaches the mine face or borehole.
Stimulation technology that enhances the flow of gases from the seam into a recovery
system has been successfully used in the past several years. Early efforts to modify
fracturing techniques for application in coal seams were largely unsuccessful (IEA,
1994) . The current practice of hydraulic stimulation in coals, however, minimizes
roof damage while achieving extensive fracturing. Under ideal conditions, 60 to
70% of the methane contained in the coal seam can be removed using vertical
degasification wells drilled more than 10 years in advance of mining. These efforts
have been successful in the United States and other industrialized countries
Transfer of this technology to other countries can help increase coal mine methane
recovery.
3.1.2. Lack of infrastructure

Many coal mining areas lack pipelines or gathering systems to collect and
transport gas. In such cases, it is most economical to use coal mine methane locally
where compression and long—distance transportation is unnecessary.
3.2. Economic and institutional issues

In addition to the technical obstacles described above, there are a variety

of other issues that have prevented coal mine methane recovery from becoming more
widespread.

These issues include lack of information, lack of capital, low natural gas
prices and risks associated with foreign investment. Some issues are explored
below.

The key strategy for overcoming informational barriers in the United States
has been to develop outreach programs. Outreach programs work well when companies
are shown that they can profit while at the same time reducing emissions or improving
mine safety. Examples of outreach programs include the USEPA’ s Coalbed Methane
Outreach Program, which is conducted in the United States, and the Coalbed Methane
Clearinghouses in Poland, China and Russia. These institutions distribute
information and link together interested parties, provide technical training, and

in some cases perform pre—feasibility assessments for specific projects
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3.2.2. Lack of capital

Even when a pre—feasibility assessment has demonstrated that the economics of
a coal mine methane project are attractive, a lack of financing may prevent projects
from taking place. Coal companies often do not have surplus capital available to
invest in coalbed methane recovery and use projects because available capital must
be invested in their primary business of coal production. Additionally, some
lending organizations may be unfamiliar with the relatively new concept of coal
mine methane recovery and use, and project developers may thus be unable to secure
the necessary up—front financing needed to cover the large capital investments
required for such projects
3.2.3. Low natural gas prices

In some countries natural gas prices are held at artificially low rates. Even
in countries whose gas prices are at market levels, prices may be low due to low
demand. In such cases, special types of incentives to encourage coal mine methane
recovery could be implemented. For example, legislation could be enacted requiring
local distribution companies to purchase recovered coal mine methane if it is sold
at a competitive price. China has recently established preferential policies for
projects which involve gas recovery and use from coal mines. The government has
also passed a law exempting coalbed methane producers from royalties and land
occupation fees for production of up to 2X10°m3 of methane per year.
3.2.1. Lack of information

In the United States and other countries, one of the problems that has slowed
coal mine methane project development is that some coal mine operators do not have
adequate information regarding coal mine methane projects. While much has been
published on the subject, methane recovery is still seen as a relatively new concept
to many coal operators. A related constraint is that some coal operators simply
do not have the time or resources to investigate the potential to develop a

profitable project at their own coal mine

4. Conclusions
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As discussed above, coal mines worldwide emit large volumes of methane, much of
which could be recovered and used as fuel. In many instances, countries whose mines
emit large quantities of methane are in critical need of a domestic energy source,
particularly one which is clean—burning. In countries whose economies are in
transition, such as China, the former Soviet Union and the Eastern European nations,
coal mine methane recovery offers economic benefits as a new industry that can help
provide jobs for displaced coal miners or other workers. In countries whose
economies are established, such as the United States, the United Kingdom and
Australia, coal mine methane recovery may help increase the profit margin of mining
enterprises.

The reduction of methane emissions can have a significant global impact, but
incentives are needed to encourage more widespread recovery of coal mine methane.
An incentive program offered on an international level would probably be the most
effective means of stimulating development of the coal mine methane industry. Of
the various options for international-level incentives, a system of tradeable
permits for methane emissions would likely be the most cost effective.

Due to various technical, economic and institutional barriers, it will never be
possible to completely eliminate emissions of methane from coal mines. However,
a worldwide coal mine methane utilization rate of 25% may be realizable,
particularly if an international incentive program is implemented. This would
reduce the estimated emissions of coal mine methane to the atmosphere by 7 to 10X 10°
m’ annually, substantially reducing greenhouse gas emissions and curtailing the

waste of a valuable energy source.
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