Bk H1M BRI E TR Vol.42 No.11
2023 4E 11 H Chinese Journal of Rock Mechanics and Engineering Nov., 2023

EHﬁEjﬂT@kAW%{zt BIEXER
iy TR A R-A LRSI

k!, REZL, & &2 2 &l kg
(1. BRTRHE Y 24 TR, BRI WB/RIE  150022; 2. BRITRHE RS @M TR, BRI MI/RKE  150022;
3. hEFBERE S3FEEFCRT, dbal 100190)

L=

FEEE: TR D00 S 7K & R I3 R v DA S J KOS S e R, BB A) - W8I - AR A VR F 2 B
IKEPIER =R B, IR A RIMATEE L R AR LR FOHTHE J1 46 4F N & LK S BB R (e Ih ik h
b, A IRBESRBIETRERA KSR B 50 BSOS B 5C R, R BRI ISR & B
IKEWIERIBERIMFERE . A BRI (1) & KA WIEAIS % R 6 TR R 7038 216500 B4,
FETEIE N 14.6%~66.4%, 1515 2AR T LAr A Inis ik NS BRI PR AR (I B 2 PRI EL . (2) RAIETBER
AR B, 55 PO 1 U R B C, VAR BUIK A B ARISE 0 FORT R D I BRI s BRI/ T 150 51
1.625 MPa i}, J2iBEFAEE B, 6 PLIT 038 KT DOdiE oK UM 70 U R 8 C, B FC AT 386 KT R/,

FHUE I BURFREE . (3) KA WMLRI XTI R A R, B SRR EERn, T T 2.
(4) T8 BN XS FLE K A YIRS 1B RN 30.1%~98.2%, it 20557 B i 2R i U307 1 /338 o 2 45 2 BR 4
BEAR o ARIRIG T Sy FL AT /K A B 1 Bl 90 A L FH B A 5000 4%

KB RV TR EHRERE: SRS BER, YR B

hE53ES: TD32 SCHRFRIRES: A XEHS: 1000 - 6915(2023)11 - 2655 - 13

Experimental study on influence of gas pressure on permeability and slippage
effect of gas hydrate bearing coal
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Abstract: To evaluate impacts of gas pressure on permeability and slippage effect of gas hydrate bearing coal, the
permeability was measured for gas hydrate bearing coal under different gas hydrate saturations, particle sizes and
gas pressures, by using triaxial testing machine for coupling action of stress, seepage and chemical effect. Then,

the relationship between the gas hydrate saturation and the slippage effect was quantified by combining with the
secondary permeability correction equation. Furthermore, the slippage effect was quantitatively evaluated on the

permeability. The results show that: (1) The permeability of gas hydrate bearing coal exponentially decreases with
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the increase of the gas pressure with a reduction between 14.6% and 66.4%, and the permeability variation can be
divided into two stages, including accelerated decrease stage and stable variation stage. (2) The permeability change
rate B, and the gas pressure sensitivity coefficient C, are introduced to evaluate the sensitivity of the permeability of
gas hydrate bearing coal to the gas pressure. The permeability change rate B, and the gas pressure sensitivity
coefficient C, respectively increase and decrease rapidly with the increase of the gas pressure, if the gas pressure is
less than 1.50 or 1.625 MPa, indicating that the sensitivity of the gas pressure is significant. (3) The hydrate
saturation has significant influence on the slippage effect and the slippage factor decreases with the increase of the
hydrate saturation. (4) The influence rate of the slippage effect on the permeability of the gas hydrate bearing coal
ranges from 30.1% to 98.2%, and the influence rate of the slippage effect exponentially decreases with the increase
of the gas pressure. The results can provide experimental reference for hydrate method application in coal and gas
outburst prevention.
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Table 1 Basic parameters of coal sample
H¥  &mm HEmm  Figg  SKEg W%

98.3 50.89 248.8 12.52 80
20~40 99.7 50.81 245.0 9.39 60
98.05 50.53 248.8 6.26 40
101.35 50.61 239.9 9.19 80
40~60 99.71 50.83 238.7 6.90 60
99.73 50.60 240.1 4.60 40
99.82 50.79 236.5 10.62 80
60~80 99.56 50.65 235.1 7.97 60
100.87 50.72 237.0 5.31 40
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Fig.1 Triaxial testing machine for coupled seepage, chemical and stress measurements in gas hydrate bearing coal*”
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Fig.2 Variation of pressure and flow curve of seepage test in
gas hydrate bearing coal
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Table 2 Experimental schemes of permeability test in gas
hydrate bearing coal

H % WIFIE/% B/MPa B /MPa o, /MPa k /(10" m?)
40 1 7 0.70~0.82
20~40 60 1.25~3.25 1 7 1.67~3.06
80 1 7 0.94~1.97
40 1 7 1.71~4.98
40~60 60 1.25~3.25 1 7 2.63~5.33
80 1 7 1.55~3.68
40 1 7 0.82~1.10
60~80 60 1.25~3.25 1 7 2.76~4.33
80 1 7 2.15~6.41
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Table 3  Fitting parameters for the permeability of gas hydrate bearing coal with gas pressure

fe R B & S R BING
H 4 TR /%
4 e Yo R? B, B, c R? a d R?
40 3.71 X108 40.01 0.76 0.95 0.17 —0.65 1.33 0.78 0.81 0.22 0.67
20~40 60 1.20X10? 5.97 1.67 0.95 2.59 —9.54 10.34 0.86 3.06 1.00 0.73
80 6.76 0.23 —3.25 0.99 0.13 —1.47 3.48 0.99 2.31 1.12 0.97
40 30.68 1.94 1.37 0.97 2.20 —10.02 13.18 0.96 5.74 1.55 0.98
40~60 60 49.14 2.57 2.49 0.99 2.61 —10.84 14.00 0.97 5.75 1.11 0.97
80 36.88 2.51 1.43 0.99 2.03 —8.50 10.52 0.97 4.13 1.36 0.98
40 31.84 4.35 0.84 0.94 0.30 —1.18 2.00 0.87 1.08 0.40 0.83
60~80 60 153.82 4.10 2.79 0.99 2.20 —8.47 10.92 0.95 4.38 —0.69 0.87
80 65.98 2.26 1.68 0.96 5.23 —21.40 24.27 0.96 8.50 1.86 0.96
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Fig.4 Relation between permeability change rate, sensitivity

coefficient of gas hydrate bearing coal and gas pressure

b0 MBI AR A LT U R R
B LR, & LKA YIRS & R
JE IR LAY 9 2 AN B 28 1 B BORBIE AN
TR N B (BLTR 77 <1.50 BX 1.625 MPa), I
JBi 3K RGPS I Z R LR, B IE R TR 2R
2 M BONIBIE R R AR B B (BL TR 1 >1.50 88
1.625 MPa), 18 Bt 34 RLX 15 1% 2 (M 52 M IR 55 , A 2408
JI/INEER A BT s, BB Sa W TP .

5 BB ERHKEMIEKEE
=S Al

3=

5.1 ZKEHRFN R N B R

BB T AR Z SLA TR, ST
)8 HRRRRIL 2 FL A LR, fLR
BT BE SR TIRIEAE N 0, fEABT A
B, ERNEEER K TWIREE RN
FUN T RS 5K S B RE R R, K
JE Pt TR 5 DA 3 P L 5 G5 AR R, HL rp i i P
HOR, AN % . AN, G. H. Tang Z50°4E
H—Fh B IERAE 1T R RT AR AR 2 AL
J5t R AE R B R -

b B
kg:ko[HP_erP_an @)
ek, WAEXNBIER, B AIEET, b N
PR o (TS AN FERLAR R & LK & AR
ER G TS B R RTINS, TR
KRR EPIRIE T AXNBER k, « BT b,
W5,

x5 OWBET b MAXBEE L,
Table 5 Slippage factor b and absolute permeability &,

H % WA/ % BT b/MPa  ZEXFIBIER k, /(1015 m?)

40 19.45 0.11
20~40 60 4.60 0.67
80 5.98 2.35
40 35.44 0.09
40~60 60 1.90 1.12
80 3.51 0.41
40 1.12 0.57
60~80 60 1.64 1.66
80 0.93 0.82
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Fig.5 Relationship between slippage factor and hydrate

saturation
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FLs B AT, KAV —
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L, R AL LKA Y R B IE R LT
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B WY T W] R AR
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IR FUHE N3 & FLIT K B AR B & 2 1)
SO O, SR I BN 2 M AT
RS FEMAREFE,  Hat S A 0 R
M, = kgk_k" x100% (8)

g

A &, WIRBIESR, &k, NAEXBIEER. HA(©8)
RIS [FLRL AR A K A 40 V0 R0 B S i I 2080 5 i 2R
M, (W3 6).

H2 6 v %1, TEAHEPLHE TN, BEEAIEERS I,
T IR 5N BTER IR N . 20~40 H AT 40~60 HAk R
PRI . Blan, 20~40 HIER T, fERMIENN
1.125 MPa I, HIFIEE 40% 8 I SR %A 86.6%,
TN RE 80% 18 Mt BN FEM 25 A) 76.6% . MFILTT A,
FUTH Ay R, I B RIS S 2508 2 FL K &
VIR S, AR A RS .
i, 40~60 HUMFE 60%IK R F, TLHIE S 1.125
MPa ¥ SN TR 79.0%, FLITE 77 2.125 MPa
BN TTERR A 57.3%, 87> 21.7%.

Kl 6 45 T ANERLAR AN BE R & FLIK &4
AV T 25 52 e 2 5 TL T R S AR R &R . HIE
AL, FERMKTOHTE 77(<<1.25 MPa)i), I8 I 2008 2
=, HAPRLE LK GRS I3 2 K,
b LA s D3GR, T AR B RS s LA N B B
/K G RAR IS 12 265 W 2R

RO IHIBALR AR
Table 6 Impact rates of gas slippage effects

T UL 5 /%

FLITE 71/MPa 20~40 H 40~60 H 60~80 H
WIRIEE 40% ERIE 60% LRI 80%  UERIE 40%  HIAE 60% HLAIE 80%  HIAIE 40%  HAIE 60%  HIRIE 80%
1.125 86.6 7.5 76.6 98.2 79.0 88.9 48.1 61.7 87.2
1.250 83.3 70.7 74.9 97.7 74.1 86.0 39.6 54.6 84.5
1375 83.7 66.9 75.3 97.3 71.1 84.0 38.1 50.6 84.5
1.500 84.5 57.1 75.6 97.0 68.5 82.2 37.0 47.0 75.8
1.625 84.7 61.2 67.8 96.8 66.5 80.5 345 43.7 72.2
1.750 84.8 60.7 65.0 96.5 64.1 78.7 33.9 435 70.0
1.875 84.8 59.9 58.9 96.1 61.4 77.2 32.4 429 67.9
2.000 84.7 59.2 54.5 95.4 59.5 75.4 322 41.6 65.6
2.125 84.3 58.4 51.2 94.7 573 73.5 30.1 39.8 61.9
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