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Analysis on the difference of breakthrough time for different injection

gases to replace-displace methane in coal seams
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Abstract: Coal gas injection is an intensive extraction technology which is gradually developed in recent
years, and the breakthrough time of gas injection is one of the important parameters of the technology. The
breakthrough time is the required time of injection gas goes from one end of the coal seam to the other end,
and it is closely related to the adsorption and the permeability of the source gas. In order to study the laws
of permeability and adsorption on the breakthrough time, the laboratory simulation experiment is carried

out with injecting He, N, and CO, in coal seams to replace-displace CH,. The results show that the
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breakthrough time on pure seepage of N, and CO, is very short, only 5.93% and 0.28% of the total
breakthrough time, which indicates that gas adsorption performance is the main factor that causes the
difference of breakthrough time. The breakthrough time increases as the gas adsorption performace of
injection gas increases, and the breakthrough time of He, N, and CO, is 0.92 min, 14 min and 246 min,
respectively. According to the laboratory experiment and theoretical model analysis, it can be concluded
that the stronger the adsorption performance of injection gas is, the longer the breakthrough time and the
more obvious the replacement effect in the initial stage of gas injection is, but the displacement effect
gradually increases as the adsorption of the injection gas tends to be saturated.

Keywords: gas injection into coal seam; injection gas; replacement-displacement effect; breakthrough time;

difference analysis
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Fig.1 Schematic diagram of experimental installation
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Fig.2 Adsorption characteristic curve of

CO, ,CH, ,N;in coal samples
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Fig.3 Gas component concentration in the outlet

32 ESTREPHIS S REFE

AR JZ2 T AR DL S 8 9 11 A A AR 3 B A KL T U Y 02 30 i e 2 B A ) 03 BURRAE L OF
H SR BRI R = A B B

S — B B TE IS B 1 BRI )N T BN ) o 3 — [ B R AR R A N 1 ) 3
T B A CHL B 1 00 A W7 380, O S A T A BR 23 B0 DR 45 100 00 A8 A8 . 7 i BEIRF (] P, Y
A B 3 PR L R B s AR 0.

5 B B R B R R R 1 IR BB BB . X B B A AR S i R AR O
AR BR 0 Ul /N T DRSO TR A AR AR 0 O BB R, 3 i R R B RS

S = B D B AR PR AR AR B IR B RROR A . ARSI A — B A L 4%
Lo PR TR 23 R 1K B ROIR S AR B B A R AN

TEEAEIKMZE CH AR b, 51 CO, ™ ) CHHLEEAS ] N, 59 W B4 e CHL 2855, AN BEARSE A & Y
W BEERE 48 CHL B b B4 TR . (H 25 N, i ABPEA 2 J5 S fi B R h i CHL L CHL 1Y 23 TR R A
SR S - R 25 B AT 00 o AT 58 0% RS 285 1) CHL, 6 25 i W, 308 3 UM AL 20 9 485 1 AL 7 i A . 258 1
i 3 N, ™t CH, B LB 32 204 i A SO O B BIOHE T SO B S5 0P 0 . Tin e AR W BfE P He 7™ i
CH, A7 2 Bh i 1 LB

4 REHMEERENEESN

4.1 4 iFRK R A E

BB AR T 226 S A i 98 A 5 R e A P IS 38 e VR AR A o 194 s Y A R R A SO AR AR R R IR 4
SRTE SR SAR U B 3 3 LB iz 2 R FE SR I (R 5 R 138 05 R VUK PR RNE SR A
Ko W TSI A T B AR EA TME AEL BR T 3 BN (S A L 1A B B B BN AN LB S A 8 T
A RS TURRAE , R MR 7E S

K d
o= £, (D

Ko AW, m/ssp ARSI SR E R Pa » s; K WEZHBBER, m?5dp /de HFAKRET = J7 10 JE J1 46
B ,Pa/m,

fE A N AR T B AR KO R AR TR K L=0.4 m, % W=0.3 m,m H=0.3 m. B TH#
Xt He B A7 W B4 o UL 1T ICKE He #6181 32 3l 187 £ 0 B 76 45 W7 T 35950 20 A3 1 SE 48 198 32 8l . 7 He
s IR 71228 0.9 MPa, 4R He RBL Bk 97.5 Yo it ol 32 U MO 40 He YRR E B 7L BLI 3
M 2.65 L/min, T BT 0 AW ESFEA R 0.007 2 m/s, He MBI FREE R 1.98X107° Pa « s, AR
PR VE IR A LI AR B B K R 6.355 6 X107° m”,

FEARTR] S5 F 1 N AT CO, I A 352 S5 b o A A7 75 W B 44 T N R COL 1Y 3l 7R B2 43 53 1,780 5 X



100 TR KXKFFR %41 %

10" Pa s s Al 1.493X 10 ° Pa + s B, 5 28 (1) AT RLGF 38 HS A0 A0 0 3 L R 45 & R L v LB He,
N, . CO, B 435 i 2B i 1] 43 514 0.92,0.83,0.70 min, N3 1 iR,

R 1 ZMFESERHEAE
Table 1 Breakthrough time of the three kinds of injection gas

1% B [8] / min

PEE/ RN
S GERE B[] / min 4li9% Wi 28 W [E] / min
He <2 0.92
N, 14 0.83
CO, 246 0.70

MR AT LA Y, U0 SRS 25 0 R R 4 B 52 W, =l A O R SRR Y 40032 O S 1) 7 1 min Z N
(ELTE 25 R B B e T S 9 5 SRR TR ORI . N, Al CO, B 2032 3L SRR RIS S S BN 18] 199 5. 93 0%
F10.28%6 o PG MR A 20032 L S BB [ 8 8 /N T B GBS IRT [] , B AN 2 R S BB W) R/ R

T JEM I 18] P9 3 PRI R R ETRT i SR BT i A X
PRA R BB Z T BRI PIFIE 30 . — 2 SR iR AR
FIFR 2 ) A S BOBEOR N AR SR T e s o R T B R e T L (HL
I A 1087 0 R R 25 ) TR B L P AR 2 2R i TR TR R
PRI .

42 RHEHBEAEFESENAETES

FETE SRR il T AR R FEA L A A A T g T v it

FEUNE 4 Fron o DI 4 rpoa] LU Y SO0 W B g, s e 0300 600 900 1200 1500

0.8 H:He

LB S1/MPa

R B R R HEA A /min
SEge U COL R 7 B b ad 2 v, 7 6 58 B s R B O A — 4 BEERSEE TS

PIE P Z G 1 100 min WBEAR N SR R ) - F P4, Z 5 e J) Fig4 Curve of gas pressure in sample cavity
W T, WEL S CO, WM A e, i FHX CO 1
W B RE T3 K, CO, W T H U828 T X RS [ H 2 8] A9 380 70 R AR TR T 1 T s 32, B0 T A XA B B . B
B CO M B0 EE i AN W3 K, CO, Y R B 328 ¥ 426 30 P A AR A 1 |l 25 ) 4k S 3 78 0T 3 BUK Ty dk 2k 1t
N, Al He H1 F Ho W BfF 42 55 , B A 2 B0 W 4 %) 53 05 B 42

HRAEE He SCIE0HE 76 0.92 min MR BRI N . A He BEH RN 5.075 L/min, S K He
AR N 4.68 L, FEMIKNSAKETEH 0.1 MPa J+ £ 0.14 MPa, T He A BA W HHE, K] 2L
SRR TR A s AR R

FI R 28 )37 U SR D Q (Bl TH % () 1157

273.2 X P; XV,
= , 2
@ Z; X (273.2+1) X 0.101 325 @

K Z OB ¢ R J1 2R Pac AT W B0 A A SR B F 4 TR 7, T 6 405 ¢ Ay Wi R A Fof 52 36 7
B °C 3V R SR B AR R AR AR AR e

PN He by 3R W B AR L BT LSS B s 1) P A0 3 R B R 1 fh 2 ) A FE 8RR . F T NL R C O, e 3 A%
HHEA — W ERE R AR RA — NIRRT A RERA RS ISR S E LT, X
PEAARB AR 23 HE ETA . BT a] LR M N I C O, 7 3K 31 5058 0 i ) B ply T 04K 19 35 30 4R o A0 1A
BES ) ETFE 0.32 MPa fil 0.43 MPa, A RL4E 5] N, Fl CO, B AH R AR T 78 3 &8 43 9 o 25.13 L Al
38.25 L, 4Nk 2 iR,




% 2 MR RS F B ER AR B IR AR R T b R AR A 89 2 F b 4 AT 101

R2 REHERNFESETINETNRME

Table 2 Adsorption capacity of injection volume of injection source gas in breakthrough time
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