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Multi—process seepage engineering application and its numerical
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Abstract: In order to improve the ability of gas extraction in low permeability coal seam, different kinds of gas extraction
methods are applied in engineering practice, including relief to increasing permeability by high pressure water jet slotting,
strengthening pre —extraction method, displacing and driving gas method by air injection, and inhibiting gas desorption
method by water injection. To increase the permeability of coal seam, the high pressure water jet slotting method is applied
through boreholes in the rock under the floor of coal seam. Then the high pressure gas is extracted by pre —extraction
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method. After reaching the limit time of pre—extraction method does not work, the air injection method is taken. When the
air injection method becomes invalid, the new method that inhibiting gas desorption by water injection is applied to increase
the moisture of coal seam and inhibit desorption of residual gas in coal seam. Field tests show that the permeability of coal
seam increases more than 100 times after taking the multiple gas strengthening extraction methods and the gas extraction
efficiency is increased from 16. 4% to 58. 6%. The flow ability of gas—injected air—water has a succession of theses multiple
processes. In other words, the later sub—process seepage commences just when the former sub—process seepage comes to
an end. The new conception of multi—process seepage is introduced to study the whole process for the first time. The multi
—process seepage equations are also built taking the seepage pressure distribution in the former sub—process as the initial
condition of the following seepage sub —process. Then these equations are solved. These numerical solutions are more
practical and reasonable, especially for the multi—process and multi—fluid seepage. The results show that the gas pressure
curve is a parabola form in the first sub—process and the final state of this stage can be expressed by power function; in the
following sub—process, the injecting air pressure curve decreases first and then increases in a trough form at initial state
and decreases in a power function form; in the last sub—process, the injecting water pressure curve decreases in a power

function form.

Keywords: gas; coal mine methane (CMM) ; hydraulic cutting; air injection; multi—processes; seepage

TR RERSS M B R MR . il KRR KRS
R, STAERA B RE IR T & LAV B BE R 45 1 AR FE AR RS
A, BTEBBBL, BORHRTERRIRZS T A 60% LA B 1Y)
el AE RIS A7 A — R fE e A - TUr . LTI
JE—RICE AR, R RBIRORE) . HS I
& HH I LI PR A L 18 A il 24 v el A 2 4 A 7 Y F R
R E AR C 20 B i BT 3 57 9 B A1

HREJZARIE 2 219 T A 249 B0 i SR 0 R 200 1 AL, Sy e 2803
SRICHT, TREMAR 27 ST TR I T 2% b7 i LA o B 3074l
R, BRI : KRR R K
BEUTT WK TR KM O A A R xR
IRIZ ARG T —ERBCR, SRR T H B AR AR = 2 B0 I
R E, RSN BENRAS BUM R BOR , st B —
A REAR PR — 28 FRBOKINER, Aok Ty 148 U0 TR
B AR R T HRIEB RMERT, (X TR (05 915%
ARTUHE S EAR) MR RCRAE, TSGR m s
RS, HX T AR A JCRE S 1. I R 5 B A M 5
FRIERBUN . IUTIE i, MUZB B, BIZ M,
BLSIR, SEAT A, DRI R 22 bR Tt By i B30T 9 35 2 4
Y, AR R, B2 B A A 2 A TR I A
ST 2B, WA — R TR AT — R
BURAEERE TR, 0, FUSTR RS BEAT AR, R
B B TERT I AR A LT TR T 3 1 B At b HEAT Y, BES
AR KB U OB RN U S AR w0 i 2 PF AT B
RSB FB WS FEFR 2 0 2 BB

X T2 BB W B O S H AT LD, KRR
HETEAMTHZSEE, WERS. MY, mE
by G2 R R AT, R B R 2
AARRHIE, ARSCER ) 2 0 B 8 LR AT — B i AR S
G, R—BRE A K, XRBWIEAEZ IS TR
ST A, AR SC LA T T PR OR A X g ) 3068 3 ol
TR IR ALEHEAT T 0505

1 IREE=s

P EE R LA R K, BZ5E M N35°~55°E, {5iff

35°, HEYE 852~900m, JEEF 0.9m, MZIASEINFE 1,

®1 BEEERSHY

e {H

2 I 1/ MPa 2.3
RIS R/ (m® ) 16. 48
BBEFH/mD 4.175%1073

S 2S5 1% 1/ MPa 31.5
IR MR 0.2
K/ % 0. 65

FLBRA 0. 0342
Langmuir 157 ¥ 25 a/( m3 et} ) 31.723
Langmuir W f 4 %% b/MPa™! 0.715

MIZ R TUH TG DUk, K, M2 o R ) 2 3
KRy S e m MRS E M) RN, 2K
BTN B T B W) R A, 20 i L S B0 2% DO
SRR KCE T, NIRRT ARSEETE K,
JRIRAR AT B R 9 2 B ALSEHE 1 oK Ty g | sk
FhSR . TEACHROR K R S 2 ROt LA B A B T 5%
KE,

2 ZEBEERIENE

K Sy B S R 3G A SR AL A R R AT
K, HEIRR A A BIE TR ZYG-150B £5 0L AL &
D89mm Hik ] K, BT 2R 2485 FL, R Smx5m #yfLIA]
PEAAL, BDENSAIEIEE Sm, BB ALIRIEE Sm, TEA
J2 PRI R SR T K R AL, YA AR R B R
5, W KK S EI e, SE LT IR YE K, SR
HEKUEAL, EZEBNFLE . TR HE 2 ROk g 5%
KA EN DT 1 TR
MeFET58 8 ML, AT HIER B S 1 K
WraR AR o 7K ) E A% 2 R AR R AUR W3R 2,

2.1

F2 ARSI
s EAMEREL il AR
/(m?-MPa"%d™") K/ % 22/ m
JRIRIE 1.47x1073 16. 4 <0.5
i J5 2 0.15 52 1.5

75



R IRt W & I & 2018 4% 11
06
b ! = 04
1 2 b > s\ g X
P SEINEN SN b,
RN 5 0l
\Q‘ﬁg“““v\ :
PEESANNSN !
1A 2 AR 345% Y
Ty 7RO 5 R EIICE 5 3 H §-~ 0.0
4—HifLs S—HiFF: 6— S KRR 0 10 20 30 40 50 60 70 80
T BRI 9K Y titfi) #/min
H1 BEKHEEREE 3 EkBSHEXER
2.2 ERANEEIRE LR R . i
LA LT BERR IR B 5% (6~9 A H ) S, BER ' i
LTI B/, A FLFIOR B2 35 SURERR, FIAE o M Jio &
BRI EL T8 S, MR S5 CHR 16T 58 — W B M Z 0o e L
BREE LT R BT, 45 — B B K 181 48 I 19 01 R @um. lo &
WE A FCHTE J1 0 0. 2~0. 6MPa, 4 T HEIRSFLIN, % gom& 14
JH IMPa FOZ5 S0 K IR BhAE 1. A — AN AL = aH
0.000 0

FEA, ABEfLAh R, Bl 8 SALER, 7 T, 6 AL
A, 5 SR, HoRZeE, 0 snisl 2 s,

B2 FREERSEHRELHTTER

WARLGHRG, M EAR BT T E, MRE R
— BB 52% 48 T 58% .,

2.3 EKIGIR AP FA AR

K, 2K HAR, BATIREREEE 25 T R4
Wtk IR, st B Ko 2 R RIURL Y B R A
BARIRRES AL, SRS iR Y, FEE AR
FIRZ, EREWE, EMRALTHT T @R KIS,
VIS ARG 5 T, IF Al sy BLITIR 1

SRHH 125/31.5 K38, EKIE S 10~ 12MPa, KK
BHE] 1~2h, FEAKRIGEERWE 3 Pis,

ME 3 AT IR, HKE SR SR N R,
BIFF LG 8min 2247, HEKIE L FHECHRE, SRR i B fe
PRIT I ZE L O B R ZBR, 10min J5 K &% L7,
TR AR RES, IEEZ P R4 B, 60~70min
BF, AR K R TT, KRR, KRR, K5
76

(I) 1‘0 2‘0 3‘0 40 50 60 7‘0
s} 1) ¢/min
B4 FkitE, EHEMBEXR

e R IE 4 FrR, B4 0IE S LR R ITER Smin
W, EJIBERS, 10min G HEJPSE BT, ik 23y
LI, W —AAREGE WML, FIFEHET 8min, WA
RME, 10min J5, WEZE T, RWME L AEZEBH,
60~70min A, JREMIS, K Lh G, WMEERKS, K
M 1.25%,

3 ZEERAERYIER

U A, K S D0 A S0 S AR IR T
KRR —Z R, ZM. 2B R, F—Bid
FERAEHT— B A B B RER 12 A0, AR SCHR O Z 0 i
W T2 RS AR B 5 A S P RS [ B AT
RAUA, WiEsfFfEZHMB RN, Wb, hTZdR
BRI ATAE A (LI 5 2 30) UK SEPIAR R BT,
AP SOKPIART LG . URFORE T A TR 4% e e
MHIEZS MG, PR BT EE R, SELENE
R A, 8 TET IR, R EEHRER, A0
ZHEBE B W PEEN T B, OFAZEBLE, EA
ERMZAKRRS . BB, QBAZIEK, TPHAM
KSR I, IR AN 25 K U A B TR, D
JEOK . 2R RT3 a0, R I SRR Y R R
Rl — Py B 32 BOR R — B A S TR IR R i A&
RAR—B R RETIHR, QFAZIEZALB RO,
BE BAALB IR, S FRAE, SO LA BE—
FEL N B8 3 0 A
3.1 35U d R RATS A BAA

RPUK S FIsEH LS, BIZ0B BRI, 25



2018 45 11 49 B R

T 7 Bt SRR I

SO R o — I, SB35 B R A
T B AR RB R R,
*P(r, t) ~ 4)p, (r, t)]'s[azPl(r, )

+2#Rqu

ot o or’ r ar
p,(r, 0) = 2.3MPa
p,(0, ) = 0.07MPa
ap,(r, 1) L

ar e

P\(r, ) =pi(r, 1)
(D

A, p(r, ) HEZHEETET, MPa; A NHZE
AMERE, m’/(MPa®d); o FEM& W REG - IR,
m; ¢ IR, A

AR (D) BB HERE IR nE 5 fros, A
B s LA N, TR R B & o &gk, 23
SR JEIA, FOH T BRI B AL, 30— B W) S R R i
S TRE, WU R e, #EARSBRN
Br, AR 2 U T B 1 pR B, X B JE — Ak R R il £k
(6mon) SR HATIIG, BN (2) WA,

p(r, t) = A" = 0.7 (2)
Imon
14
2mon
g mon
= 0. mon
"é 0.6 6mon
0.4
0.2
0 05 10 15 20 25
B #/m
B 5 FHTREMEML

3.2 AwREERAWMSRAALMG
METAT AN RE R, Kb R R
R (), WK (3):
P,(r, 1) kyp,(r, 0)[0*P,(r, 1) 1 0P, (r, t)
ot - JI |: or’ +T ar :|
p(r, 0) =p,(r, t,) =A™ =0.7°%
p,(0, t) = IMPa

apz(rs t)
ar

Py(r, t) = py(r, t)

o =

(3)
Kl po(r, O WEAWZ SRS, MPa; ky HZESE
R, mD; u, WESEIIRERE, 1.8x10 7 Pass; ¢ N
FEZFLBRA, ¢ ], d,
R (3) BTG . I G R R I UE S
6 Fi7m .

0.90T

JEJ1/MPa
I~}
(=%

0.80F

0.75

0 015 1.0 15 2‘.0 2.‘5
P r/m

Be6 FRIBPFESENSHE

ME 6 Haf LUE H, TR (<3d), d TH)Z
SR LR T, B2 AR B2 S B TR
BOEAS, HIEAURE R, BRNEEL BT, R
FelEREM 2 B R R EOE A, AR 12d i, BEH AR
FRIEARAY BUIUT IR J7, S DA Dy T AT 2 UK 8 FC 39 AL 3
12d fif ST oA nl I (4) fifids

po(r, t,) = Br" = 0.817""" (4)
E A IR BRBAL B

KRB Bl () fid, Hb it i m 4
SRS () VKB IR 2R HRA K (5) , IR
T

3.3

aps(r, 1) _ k, 82p3(r, t) +i8p3(r, t)
at op, C, or’ r ar
PO = ) = B 0B
p;(0, #) = 12MPa
aps(r, 1) o
ar o~

2, k, HKMRBER, mD; w, KB SRR
B, 1x107 Pa-s; C, NWEEEGREG p,(r, 1) IAKIE
j'j, MPa,

1420 (4) B SR ETE PR SR A (5) B i
Vs, BRI R Aihs, e 7 P,

127
0t
- 8
=%
S
56
H
4.
2t
0 05 10 15 20 25
BHES /m
B7 EkERBkESH

ME 7 R DIES, @K 1h 5, 7EFEEALE 2.5m 1
i, JKERF] T 1IMPa L |, 2.5h JE/AKEKT 2MPa, R
— PR ATE M W) 40 FE 7 430 A (2 4) XK B A 3
B, EERRNESE S R AT 0.9MPa, HEE

77



R IRt B ox I I8 2018 4% 11
KFETT 12MPa BRI % (5] AKHIR, BT, ASE, S SRR R AR K

4 & it

1) RS IESR)Z IR AR T, SREUT /K 4%
SRALTI A IR K R A 2 TR RS
Wi, FEECISR R M 16. 4% 4R 553 T 58. 6%,

2) &I T 2 A B ERER A, BT — B
AREEEIMEN G- BRI RO RRE, -1
B R R — B A R IR - kA, YRk E ST
TEHMR, #R., BN =L BEEBRNF R,

3) ZEABMABRITRSRRY, MR NSE—3
T R 2 NI L A, LIS R R BCRA,
HYEE B R RN 2R AR A 0T T B L T At A il 2k
FEAEMN R REUE SRR, RWESIEH
MR 3Z 3 TR AR AY ELT R ST, KRS = AR
TN TR IEAS, T EKE i i TR A AR
1, KRS R ZE Z R A i SR S Mg/

S 30k

(1] TS, ZeHadl. B8-S A m sk ) F 28 1 3 B R K
JH (1], BRI, 2012, 37(8): 1326-1331

(2]  Z&8t, # W, WHE, % RESHERZEK ER
BRI [T]. MR TH, 2012, 44(1); 31-34.

(3]  RFHFEW, MM, SIEIE. 5K A S s
SMERIFEMR (], BB, 2011, 36(12): 2058-2063.

[4] T 2. kO B a4 o 2 2 A L FU Tl s R i ik
¥ [J]. MERTRE, 2011, 43(9): 37-39.

78

[10]

[11]

[12]

[13]

HAERF R AR A [J]. MR, 2007, 32(9):
959-963.
TG, FE, B, S RNk bk SR R R A
Bz E SR BE T (1] B 5 A, 2008 (12):
1386-1390.
FIXE, Bkde, BheLr, & kb E g AR AT
PR RO SE [J]. PR LR, 2010(1)
55-58, 69.
M, ML, FE, SRR xRS B s
Jie otk RSP AR L B9 B2 [T ], s A, 2009 (8)
1081-1085.
YUAN B, KANG Y, HUY, etal. Research on transient switc-
hing pressure behaviours and control of hydraulic cutting in coal
seams [ J]. Disaster Advances, 2013, 6(S1); 137-144.
R, FIRFE. IR I AURAMRE R BOCR 1 T AR
Yo SRR (1), TRAEEI, 2011, 34(4): 72-77.
AR, NG, BB TR RO SRR FC 30 A IR e
FmmR oY [J]. &0 %5 TR, 2011, 30
(3): 547-554.
T, B AR, BB TR HE S K R X R B 5 i
WAL (1], A0 5 TR YR, 2008, 28(S2):
3191-3295.
FUKAR, WX, BEf, % N OY, BEY. SYE
MFRZERMBRITRE [J]. xR, 2010, 35(3):
434-438.

TERE HRE)



