%255 % 9 M XRARHAF Vol. 25 No. 9
2014 9 A NATURAL GAS GEOSCIENCE Sep. 2014

doi:10. 11764 /j. issn. 1672-1926. 2014. 09. 1477

ZRKDSENRESERINSENRHL

LRERLVEAREL.E RLE OARL.E R
. BHemRF “MAFBRTATFL IR BEELLEHT . Wl RA 610500;
2. PE LRI HE A HHRA) W@ FE 645250;
3.7 B &k A w sk B IRA IR TN &) LA F M 072751)

WE - ARRLEERSLENRELERBARR L EL DS TR A HEARSEF EH
AERFORIBRE RAZEKRS S ETHSEFEA PMERF SDEBA FRT Z 3 H5E
FERVGBEEEN po BRI ES p ARG ERGHETNIR.FREREA .- OF EKS
B EREY P-MAEA e SD AT A8 pu i p LT P-M A 694k 1. SD 4
AEZEKRS NS ERFEATF OB BEE Q3 FEA T H R KRS S ZTHEEFHRAD MR
Mg B EFTNESAGKXFMNFAOSFERRNEER B HAE R K& ZT NS EFHRAR
ML BEEFAE,QEWEEN p AL DT 0. 2B ASEFEIRE ETRIEF R EKI
ML EFHRAL .

KPR AKSEZT L EFBEA RBRENRIEN ;HEER

mESES TEI22.2 MEARERD: A XEHS:1672-1926(2014)09-1477-06

5| A#& 3 : Ma Feiying, Wang Yongqing, Wang Lin, et al. The permeability dynamic variation fea-
tures of coals with the consideration of moisture content[]J]. Natural Gas Geoscience, 2014, 25

(9):1477-1482. [ B Q3 K . £4R. 55, FIEK & 8 I E B & RS SR REL ). RARA

HoERFF22,2014,25(9) . 1477-1482. ]

0 5=

Bl & i R R AR AR N R R R IR S R
PRI R E B R AR EBEZ ST R S R
BBERERNEBMAT  WE FENANRBER
14 A2 A 32 B2 A 0N ) | S 2R B K R B DA A I
1 B BEEE T AR 2 B HIL R B S IR BT XX 2 O
THT P52 ) PR 36 4 4 7 AR 22 s i R, v 2 i
WAL P-M BERLR S-D BERL, 2004 4%, Shi %01
W T RIS po IR E R T) p. FIBESIFAE S-
D BERL LGl A5 01 P R IR L R B R
SHYFFERBE A e B S O BB e 4 B
S 2 MR A #) 9% [ San June g3 09 52 PR AR 7R
2009 4, Thararoop "IN N B B R B A ZH

W RS B HE.2013-09-17; f& [ H #§ . 2013-12-15.

RO T 5 R AR 2 AL 4 52 0 T HL 52 52
B R B W AL T — R B S R
2010 4F 3 P 3 451 3 3o e A2 SO T 20 A0 8K
O PEAT I 15 AN ) SR S 86 BF 5T R BUK A
TEAEAS 50 (935 1 AN ) SRR 58 . 2011 4F L B
S LR ST R AL AR A R AU AR Y
BB A E T N Matchstick B AZ ff1 B2 734 1 1647 2L
07, 73 AR T A A LR ML A P T 8 0 R i A2 A AL
. 2013 4F, B R BEAE Ofy S ALY L) K L7 AR
LA RR THUE PR IR S R XB B R IR R ik
T Ry R M WA /I K 498 i AR T 1 ]
FEPE . PG ARSOR 2L T 25 K O & 108 i R
B NEE IS b — R R ST RS R B B R
19 3l 25 AL AL RLAE S S TE A o A T 92 8 AR 1 A2 A 4R

EETE . [BHFRHE KL T H R E B Z S ™ 0E B R (45 :20112X05042-002-001) ¥% Bl
EZ A D KIE1985-) , 4, WG B [l A, 18 B 9 2 35 28 S A 3 K SRS & BF5E . E-mail: xiaomahehel17(@ sina. com.



1478 X KR A ¥ % #H # Vol. 25
'ﬁi\‘fgl/b\@i?ﬁo o L f(m)ﬁOBVL/)L
\ (p p»[wp e +p>} (5
1 g pHr B fp) = o — @ UEE £(p) TTLLFERAT «
L1 ZEERAHCENSERER ) = <p—pi>[w-p - (pffgﬁjg;’lﬁp)}
T 1B T 2 W B bR 245 LA % 30 s s RS 72 R .

AT DL T2 B0 7K g 8 MR I R RE

P 2 M0 H5 B R A5 i O R 7 R EAT 1B IE L £ B S A
s RV 2 A SO T 5 R S A 2 AL 2
BRI, TR 2 7% K 5 =8 3 R
R HARGE N

3

— Ly =
k k'<90a>
3
k' zp(pf/)l) f(m)ﬁoP,VL ])i - ]) 1
‘[e + @i (PL“FPi P1+P>} (D
Hrr,
Jl,m =0
fGm) = *(l;i(mfmc),0<m<mc(2)

fe
K (D—2) Pk HHEBFEF, X 107° um® 54 i
ERIRBER, X 107 um’ 5o HHZFLBRE . V0 ¢
by 4 2 A0 B LB B L Y0 se, b FL B IR B 45 &R 8.
MPa ';p K #h )2 JE J7 . MPa; p, i H1 2 ¥1 16 E 7
MPa; f(Gm) R SARR M RESI £ AEH 0 ~ 1sm K
Ka &t Yo sme R FK Ay &L Vo5 S I
MREI A 7.0 ~ 158 A Bl 4 / I ik & %0, oA
UWsop WIERE L g/ cm® sV Ay BH PR B 46 250 (el
PRI B 8D o’ /5 po D B ERHS g 8 550, B B 6
1) 4% R Wi B £ 1 — 2 B A9 SR ST . M Pa,
AT TEOK G % B 5 08 AR R (4 4 2 ad A v a)
PLAHIE

Lo
@i
— 3
®i (PL‘"Pi PI“"P) 4

Ko (3) iy e 4 LS R GOBUR I L
CHCR T 2 T E B AT 48 A0 R B2 DU AT AA 2]

f: 1+e,(p—p)+

4

S Gn) fosV L ( . >
@i pLt P pLtp

%7&24&(4) leﬂlﬁjﬁjiﬁw\ @i %Iﬁ%ﬁ?ﬁniﬂ
o @ = gpic‘p(]b*pi) +

pi
fOm forV <p1, o f)l,j—jk p>

M 6) ATHT f(p) SRR T HZ T p B RREL
W fFCpd B—Fr B RO -

f‘/(/)) = ¢iCp *f(m)ﬁOBVLPL (7

I
(pL+ p)°

, 1
1) = 2fGn)fosVi.pr ) (8)

H &) J (o) KT 0, NI £ Cp) 7E
P FEAEECMEL I po Ry f () = 0 WIS JE TS pa,
WERR A B3 )+ B 238 37 R A d /)N (EL I BT %)
T

prb _ [f(ﬂl)j%;]; V1p1i| /e o [)]‘

BEE B ERN. N ERETUIREER
INF BT LB s 3 R RS T30 B poe R s e M
f(p> = O E‘J%’H pn' i Pi’lﬂ\u:

9

_ f(??l) 1;VLPL . 10
prc C'pgDi(PL + p‘) ])I, ( )
2003 4F, Pekot 070 25 T LI A AU 45 R 4L

Cp E"J%%iﬁ:
1
% = 95, (1D
KR AD AR 9 K0, 745,
D = [ZEf.(m)ﬁOBVLPL]UZ — pPL (12)
= 2Ef (m)fosVipL — (13)

(pL + pi)

s 12) A3 W, R T pa, HHLZE
WIMRIES) pi TR MK RS poe S HZ WG R TS
i AR HLAE HA S A AN AR 1 DL R R R T poc B
HZ WG R T pi 3R/ .

FETF UL A BAE AT DL g M HE IR pR K
FCp) HRIEWKE T poe FIWIIEHLZE ST pi IR,
AL B 3 R BRI

(D pre << pi:BEH ES) p BN I — /N F]
RFREIETT poos FCp) 2T MG ENIE 32 72 . (H
L EREENRERE T p (HFTRE/NT 0./NF 0
B U8 W18 0% 403 5 5 A8 R b AR o JE R R B 1R
BiBERE 1) B 1) ], FFLRYE S E ST po
WEET) pe 0 =W FR AT L4 3 Fi I Ol
KA (B D Opre < pu <0, f(p) BiE p NVIIR
M2 R ) pi 0/ 2 B B 1 () 5@ pl <



No. 9 LREF A B S

EURELEEDE

T A A AE 1479

0<<puBEE p /N £ o) Je I8 /NG 52 B R
#H o) <<OLE 1) J5Q0< pe << pu<<pi» M5
P BN £ Cp) FEI/N BRI N BN TR ) po Z )5

Afp) Afp)

P Py

S TR Bk NBR B E ) p ZJ5 - SO
EMAAS R IE R p /N R BRI [ E 1
)],

|

(@p <p,<0

Bl p.<pBERT f(p)EWEEN p T

P; > 0 Py, P > P

(b)p, <0<p,, ()0<p, <p,<p,

1 4:

Fig. 1 Curves showing how f(p) varies with the formation pressure p under the condition of p..<p;

(2) P = P ~Tii$¢‘f%‘ﬂ?&ﬁ% P W/,

S BIREKRT 0, —HUEM T f(pHEE p 1
YR/ 5L B A 3 1 (] 2)
Afp)
Py,
0 P . = 24
pm>pm>])I

2 p>p BAT f(p)HEBEEH p THHZ
Fig.2 Curve showing how f(p) varies with the formation

pressure p under the condition of p.. > p;

(3) pu=pi LB B AT LB B 26 R % Ol
TR B poe= po =P BEE p BB, F(p) K
ERTF 0K 3,

1.2 BARIER

EREZE AT R R B B RSk,
NATTEARIE I TR Z 502 o A ST . (R, 2] H i
h 1 TR SRR A2 3k G I I B S bR A 7 v
1 HA P-M BEARVFD S-D A,

1.2.1 P-M A 5 #r

P-M B R 4 [ b 5 R 2 198 8 R A B
BERL, iy Palmer 26 F 1998 4F 42 H 1. XA 7 2
TE SR S S5 L 25 TET A RO g T ST AL A %o

BE SR A A, HRGR R
k=k;(¢‘> =

dl

%(1\54_1>(1—[07—Pbp_1ip[;pi>}3 (14)

A 4w My Bl i) BB MPas K O (& BUBE &
MPa;b B R A2k R E MPa ' se 0 B IRER i 8%
PN oS R/

Afp)

Py, al
0 — » P
[7‘ s []rc

P =Pw=P;

B3 p=pERT f(p)BEHEESN p T &
Fig.3 Curve showing how f(p) varies with the formation

pressure p under the condition of p,.= p;

L () =g @ F7 IR 19 J7 25k 13 P-M KL
RIS po K EZ E T poc s B

o ZSI‘EPL 1/2 o
P = [73(1_’_1})} L (15)
- 2Eeipy —p (16)

3(1+v)(pi + p)



4

U

EE S

1480

3

» #A ¥ Vol. 25

1.2.2 S-DAA H#H

S-D BRIy Shi 4557 F 2004 455 % KA 18
KA 1) R A AR 1 25 0 AT 8800 g 5 R A8 1)
KRB — A5 5 R AL PR SR R T AR
R )5 3B R WA R N

k= ke S =

ke ot Gt ] an
KADH o HHBRFBESE R MPa 56 Rk
AR ST s MPas o S #146 K A B0 T MPas o
SIARA e TE K E S BEA 4% BB & MPa,

R f(p) = o — o FEIRIAFE I T 355K S-D
T ST pa, RS ST e s B 2
12
po =[BT — (18)
_E eup
prc 3‘U (P|+p1) pL (19)
2 S AT

R T B UEE K A3 R 5 05 R R R 43 A
)R] DAFR [ B R S O SR, SRS
JEIKAY BRI B R L K& P-M ., S-D ixX 2 Fifr it
RIS RIN B E S H B R E ) po K R TT o
PEAT TS TR R S ECY R BV E S p
=6MPa; HJ U418 B2 ki =0. 251 X 10 ° pm? ; 47 [
# E=4 600MPa; B [CAKFL V. = 28. 91m’ /t; B [K
FEJ) PL=4. 2MPa; JH#S b 0= 0. 265 3 5T W 46 / I
i R E f=0. 000 527 ; KT AE 5t e, = 0. 016 5, 4§
% B ps=1. 50g/cm’ , K 4r & m=2. 1%, I
Koy & ome=1. 8%, i H WM HhHT fo=
0. 415,345 R WNER 1 Frn .

F1 3MERHERN p.EM p.E
Table 1
and p,. by the three models

The calculated values of p,,

(ki P e
7% J8IK 43 5 B AR 14. 946 31.738
P-M %) 8. 787 12. 336
S-D #1951 16.016 35. 868

M1 Al LA R AT P-M OB SE po (H
I peAB AR /S < TSR T S-D BRI 5 oK 73 3% B 5
BRI 2 R A po (A po (H HEBCHE
. B4 D5 R ARG HUZ T ) 0922 1 h Zem
S 4 AT LA AR S-D BRI Y 5 i
FRARE A K 3z HT P-M B F 1495 13 R A Al A

i /1N o 100 2R P25 B8 K 23 35 B 1 38 15 SR B 0 114 2
B R R 5 B O NG9 8 1 R RIEA —
B0 UL W5 8K 7 R 1 15 8 A R T L B 4%
UL SEPRfEL . BT LLRT DR 25 K O 3 42 1038 1B R A
T BRI I3 Bt e 1 5 38 38 R A RAR R LA K o3
BZ ST RS TH B BRSNS

-0 ks R
3.5 — iR

, Pt

3.0 F S-DREA

BIERAAE KK

0 2 4 6 8
)2 J1/MPa

BEXRTUXREMERNNEUHERE

Fig. 4 Schematic curve showing how the

& 4

permeability varies with the formation pressure

5 R iz HE R A AR 7 i S % 0B
AR GHZE IR ML B 6 2y 3 Fift il
T 505 R AR G2 E e R b, WK
5 6 nTLLE )2 K ) p (6K TG )2 R
J1 6MPa By B, 5 % AR b/ ke HN 1 S5 0800
PR HEWE R 1 kS R, X — i gk
SHBRFRES) po MK T pee 2 DT R Y
R IE S p (SN UGH)Z K J) 6MPa JF R FEAIC, B
BRI R/ ke R T 1, UL B 1B R W) 1R )2
R od 4 5 E IS IF BB i R AE 2MPa it
ik BTSSR, Nz B2 E T RS
Br ) po=pa,=>p: XFEHL .

2.0
1.8 |
1.6
< af
=
o122
=
10
M 08|
%?\ 0.6
0.4 |
02}
0 1 1 1 1 1 J
0 2 4 6 8 10 12
HiJZE J1/MPa

5 AACEXRTUXEHERENNTUBLTE
Fig.5 Schematic curve showing how the well testing

permeability varies with the formation pressure



No. 9 LEKF FRASEITUNNE L ERFE TN 1481
1.05 4.0 1.20
1.04 | 3.5 115
1.03 | S5k
> > 30F >
SRy S =2 LI10f
¥ 101 % 2T %
e e
‘E—D( 1.00 E:D—( 20F § 1.05F
M 0.99 | 8 5L M
&) g £ 1.00
@ 098 I £
0.97 |- osk 0.95F
090 @P-MEZ ” (b)S D (% Ik sy B R
0.95 1 1 1 1 1 J 0 1 1 1 1 1 J 0.90 1 1 1 1 1 J
-0 2 4 6 8 10 12 0 2 4 6 8 10 12 (] 2 4 6 3 10 12
HuJZHE 1/ MPa HuJZE J1/MPa Ho)ZH F1/MPa
Elo6 IMERBMMNEEXTUXREMERENNXRABLTE
Fig. 6 Schematic curves showing how the predicted permeability by the three models varies with the formation pressure
Bt PG e I R SRR B R A L) ] KRSt

3 %t
(DA% Bk o4 Fa b ik F AR 4 ah 13 5]
TREBEN pufrk IR prcé’aﬁ%@#frii,#&% DreFm

=

¥
-

Pi WEEZRNERESMTHEAETFR ‘:P/f‘
ERTATHRA SN
()4 % ek a0k R BRI pofh

Ao pAhl 2 AP AR P-M A Fo S-D AR F
8 pofiAe p AALBATIRE, A I P-M A A 3t ey fh
o SDEAL E By &2 EEEENTH

AR BE AR AF R KRy S WS ERER
e SE R TR K FMNFESEETR
BERK—%.5LAFZRBRY>ATHHEFEY TN

TG F e EFRAE, FTARAETEEKSASSHS
HRBRARSHSERNGHE R LRLA — M
THEM.

(3)3 AP A A xF &% H XM E A @\ R g 55 &
THRELWEERENG R Z NI XS EREMHE
53 EE NG ALl X 2SR LA
AR—B EHIREEARET po>pa>p L

(DBKRIESN p.<0 B, 2 B E F B
AT FRERF R ERLI BB ERGIL,

S % 3L ik (References) :

[1] Qian Kai, Shi Zhensheng, Lin Shiguo.,et al. Industrization pro-
gression and development suggestions for coalbed methane of
China[ J]. Natural Gas Geoscience,2009,20(6) ;831-840. [ %
B MR AR L AR AR R EEZ AR Pl fl AR S R R Y
(1] KRS HERAL:,2009,20(6) :831-840. ]

[2] Cui Yuchao, Teng Zijun,

Wang Huaihong, et al. Distribution,
development and utilization of CBM from Longchang coal
mine in Qianxi county,Guizhou province[ J]. Natural Gas Ge-

oscience,2011,22(2) :367-372. [/ K8, % F %45, Fput, 4.

(3]

[4]

[5]

(6]

[7]

(8]

(9]

(10]

[11]

PREL2L,2011,22(2) :367-372. ]

Deng Ze.Kang Yongshang, Liu Honglin, et al. Dynamic varia-
tion character of coal bed methane reservoir permeability dur-
ing depletion[ J]. Journal of China Coal Society,2009,34(7)
947-951. [ABPE . HEK 1 ) kb L 55 JF ol B rh LA 2 8
R BARAFAELT ], BB F . 2009,34(7) :947-951, ]

Ai Chi, Li Shuang,Li Jingran,et al. Models of dynamic permeabil-
ity variation of coal seam[]]. Special Oil and Gas Reservoirs,
2013.2001) 7173, [3000 . B9 AEUR 25, U538 % 3
AAALBITILT ] R A 2013,20(1) : 71-73. ]

Guo Hui,Fang Xinliang, Wang Xueying, et al. Study on per-
meability rate variation features of mine coal bed methane res-
ervoir during gas drainage process of coal bed methane well
[17. Coal Science and Technology.2013,41(1) ;82-83.88. [ 2§
B S EEB G BRI HER Wk Z 18 18 R AR AL ARIE
BRI, MR B H AR ,2013,41(1) :82-83,88. ]

Sawyer W K,Paul G W, Schraufnagle R A. Development and
Application of a 3D Coalbed Simulator[ R]. Annual Technical
Meeting, June 10-13, Calgary, Alberta. Petroleum Society of
Canada. PETSOC-90-119,1990.

Seidle ] R, Huitt L. G. Experimental Measurement of Coal
Matrix Shrinkage Due to Gas Desorption and Implications for
Cleat Permeability Increases [ R]. International Meeting on
Petroleum Engineering, 14-17 November, Beijing, China. SPE
30010,1995.

Palmer 1, Mansoori J. How permeability depends on stress and
pore pressure in coalbeds: A new model[ J]. SPE Reservoir E-
valuation and Engineering,1998,1(6) :539-544.

Shi J Q,Durucan S. Drawdown induced changes in permeabili-
ty of coalbeds: A new interpretation of the reservoir response
to primary recovery[ J]. Transport in Porous Media, 2004, 56
(1):1-16.

Shi J Q,Durucan S. A model for changes in coalbed permea-
bility during primary and enhanced methane recovery[ J]. SPE
Reservoir Evaluation and Engineering,2005,8(4) :291-299.
Thararoop P,Karpyn Z T, Ertekin T. Development of a coal

shrinkage-swelling model accounting for water content in the



1482

#*

++ Vol. 25

2

[12]

[13]

[14]

micropores[ J]. International Journal of Mining and Mineral
Engineering,2009,1(4) :346-364.

Zhang Yapu, He Yingfu, Yang Zhengming, et al. Experimen-
tal research on stress sensitivity of coalbed reservoir[ J]. Nat-
ural Gas Geoscience,2010,21(3) :518-521. [ 3K .3 » a] 37 £+ »
HIE B 45 R SR ) U SE IR SR LT L KAR s Bk A
2#,2010,21(3):518-521. ]

Ma Qiang. The analysis of coal permeability changes based on
Matchstick strain [ J]. Transactions of Beijing Institute of
Technology,2011,31(4):387-390. [ 3. £t T Matchstick Jif
AT R B 5 R AL ], AU TR 4, 2011,31(4)
387-390. ]

Ma Feiying, Wang Yongqing, Wang Lin, et al. Influence of

[15]

[16]

moisture content in coal rock on permeability[ J]. Lithologic
Reservoirs,2013,25(3): 97-101. [ T & ¥, Tk i . L k. 4.
BEA K RSB E R T, A P AU, 2013, 25
(3):97-101. ]

Pekot L J,Reeves S R. Modeling the effects of matrix shrink-
age and differential swelling on coalbed methane recovery and
carbon sequestration [ C]//Proceedings of the International
Coalbed Methane Symposium,2003.

Wang Zhiming, Wang Zhonghua,Zhang Jian. Applicability as-
sessment of coal reservoir permeability dynamic prediction
model[]]. Coal Geology of China,2010,22(10):22-25. [t &
W1, AR R . B AR B 8 R Bl 45 T A RS T AT fr
CJ 7. o [ 48 5 3 5 . 2010,22(10) ; 22-25. ]

The Permeability Dynamic Variation Features of Coals

with the Consideration of Moisture Content

MA Fei-ying' , WANG Yong-qing' , WANG Lin?,JTANG Rui', WANG Hui’
(1. State Key Laboratory of Oil and Gas Reservoir Geology and Exploitation , Southwest Petroleum University ,
Chengdu 610500, China;
2. Southwest Gas Production Plant ,Zhejiang Oil Field Branch Company ,CNPC,Yibin 645250,China;
3. BGP INC,China National Petroleum Corporation , Zhuozhou 072751 ,China)

Abstract: For the accuracy test of the permeability model considering moisture content to describe the per-

meability dynamic variation features and the recovery degree of permeability in the drainage process, the

values of rebound pressure,recovery pressure of the three kinds of permeability models,and the permeabili-

ty dynamic variation process were investigated by employing the permeability model considering moisture

content, P-M model and S-D model. The results show that: (1) the values of rebound pressure and recovery

pressure calculated by P-M model are the smallest, while those values calculated by S-D model and the per-

meability model considering moisture content are close; (2) the permeability rate predicted from these three

models by considering moisture content matches well with the one obtained from site well testing, which

indicates the predicted values of the permeability model considering moisture content are much closer to the

real values; (3) when the recovery pressure is less than 0,the permeability which decreased in the mining

process cannot be restored to the initial permeability.

Key words: Moisture content;Permeability model; Rebound pressure; Recovery pressure; Dynamic changes



