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Shale gas seepage mechanism and fractured wells’ production evaluation
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Abstract: To know the dynamic characteristics of shale gas reservoirs’ production and to improve shale gas
wells production, it is very important to research on shale gas seepage mechanism and production evalua-
tion. The main difference between shale gas reservoir and conventional gas reservoir is that shale gas reser-
voir has the adsorption and desorption characteristics. Combined with shale gas seepage characteristics, u-
sing point source function, the mass conservation law and Langmuir isotherm equation to describe the shale
gas adsorption and desorption phenomena, it establishes dual media shale fracturing wells’ seepage model.
By the numerical inversion and computer programming, it draws production decline curve charts and analy-
sises the Langmuir volume, Langmuir pressure, elastic storativity ratio, cross flow coefficient, borders,
fracture length and other factors on the impact of shale gas wells production.

Key words: shale gas; flow mechanism; productivity evaluation; fracture; Langmuir isotherm equation

FI T DA SRR TT & & TS AR SE IR O A L g R 25 o 7 7 D e R 3 T AR 44 R
EROCAEZSN AT T IO TR TR, 2009y LI ES S AEA7 TALBUM 4E b . 41X DA A7 7
RS TUA A7 N 2R KRB 150605 . R AW B AR R e 1k [ AN 22 S B IR
BRI EBIA FE TR R PR S K T B R R R Blas-

RBWREZ9 2 (15~30) X 10¥m’ JFRHTFT  ingame /= BRI IK™ 55 U7 15 A5 7T & ™ B 11 HUA%
W TEREJR A ME T TUE SRR 2000 ~800 B9/ T — R FIBTSE MR o E HOHE T AR B 1 A

WS B H7 :2010-12-20

E®WAE : HZEERLHHE L H (20082X05022-001-02HZ)

YE & 81 Av : BOK W (1963-) , P4 g A i R 22 0%, 1 28 SR a8 T e X SO 0B 3h & 2 A S TAE
('Tel )028-83037532 ; (E-mail) nanchongdyg(@163. com,



http://gks.cqu.edu.cn

-

48

BARR 5. T2 ARSI B EE 3 & im0 63

JZ AN REAR G B PR B DUA SOBGE AR . H AT A
XEF IUA B WAL R BRI P ST Ak T — A
7 N TR % 18 GO R IR B fie 1 ) 2
fil b o AR D R R B DR SRR U 4 BUA R
TR A AR 15 52 1 B Wi e 7 R EAT B IE
RUTE A 57 [ 38 U 2002 M Y o o S0 {0 % 3
SEHLE PR T T 7 RE 18 Ik il 40 L i [ R AT
o Hr.

1 TTESRERNEBERBERE

BUE RO — R0 A A B AR T R
TP M2 T g AR 3T 0 iR ) MR R P st S i
WA D0 5 T THT 118 AR A 2 M W T Bl 8 2
AR R AT B TR U A fLER Y
T A I 8l RT3 S T 1T 7 B iR U L BIORI B I X

3R

RRRERM  BEFREHRR MATERILE %§§§

B1 HETESENER

DUE AR 4% R Jot o 3 3 AL B - (D 2 4% v iy
B IR U Bl - RELE P TR ) AR s O 78 TR B i 45
s DU 2 S5 1) A A AR T O 7 e B 22 AR
T BUA i S 5 1] AR R TG @ 7R AR SR
T U S VY E HER 1A H R

BUR T B LR SR e T 2 X B0 2 A R
ZLLLR MR S A7 T 00U R R . Langmuir 253
87 R it £ B A0 3k 7 AR A T D R R A I 1
MO o A5 Ul R BT ol £ 4 3 I R A B T
AR 0% A 2 ) ) 56 AR oy T R 2t % ) T 3 ik
Rt A5l W R i 2 T LSRR T R R R IE
1918 4, Langmuir A3l 22 i WL % 7 T HR
53 F 2 MM AR TR L B Langmuir J5 2

VP
Vi P, +pP°

A Vi— Langmuir {4 BB R 5 KRB,
m’/t;Ve—k & . m®/t; PL,—Langmuir & J1 (W% [ff
A B F R W B R 1 50 %01 41D MPa,,

SCHG AN FRIE Sy M R W1 Langmuir 25 i 0% B il 26

QD)

) AP FHY S ) W A B o 2 TR 0 TS 2 20
I Langmuir 25 it W BRI 3R 0 5 5T 35 0 2 BT
iR 1% o

2 MESEERRNARRES

U W PR 51 3 1 TR 5 T K 9K 24 4
5 44 R O SO Al OB A BT AL B 4
PRRERL . % J8 T A W R R A S T
1 T SR P I B 2

32 R 36 7 2 R 3R A9 E 0T 2
ARG By FE

b

d dJ
A4 (/:{,ngvpgf ) = E(Sog[‘og[) + E(Spgm‘ogm + pgchE) o

(2)
WS (D), () K45

V<&Vﬁj)gf>: gfpg[(: %+

et Zaf koyzyg & It
Spgm pgm |:Cgm + (OgSCVLp L . :|9Apgm 3 (3)
kgfz;!m Pgm@gm (pl + Pg )_ at

s
\ — | Le gy,
B g = 2" L

(Og>c VL pl‘ .
{Ogm gogm (pL +pg )Z ’

t kg{
Jo [gogf Ty T Pum ?tm]#grwz

LR 255 TR 48 R e =c, T

dt;

TR ] 2, =

TR UCKAE o=

w

N By
HRAMA = a5
Ry

N /
ToH U IRETE hy = —

SRPE AR L

_ Pef Cq
— —_ o
SDgf Cg + Sng Cim

sw(l—w) +2A
s(l—w) +2°

u=sf(s),
SR R BOB T R Rl R A
o 3 am =0,
D

w

fls) =

1
2
p drp 't

A¢J[(FD4>OO): ’

€]
lim47rL3(r])2 ) :_10 {
e>0 d?"]’)

Xt 77 AL () SR« i 1 B in e 8RR 4515 S e A5 21 1
NS NG i 5 S TR



http://gks.cqu.edu.cn

64 TR K FFER

30 %

— N quh
Agi(p) *mfm[/@o(rl)ﬁ)]*

.
22/80 (rp u+ (mzf) ) cosnm 2 cosnm =<2 (5)
P hi hp hp

LE(Z)*(S)ﬁ*:Pg*EﬁyMPa;leg*fM}jEjj;
Z, SR R 4R B F. TG s SRR B
MPa « s;0,— M BE L kg/m? 5 ro— I 2 42 m;
ro IR my s 0 R B 48 i o fLBR
BEL RN e, AMES ZEMPa s o, —FH &
FFEMARE ESE BB MPa ! e, — 3RS B4R
FEMPa '3 SR RFK; Ko K — B 1E 3%
DUZEIR PR 0 Bl 1 B s en—JC BRI 8] 5 rp— G
R A E R m’ 5o WA L, =
s R TCH I RE TN, o — A K,
m, AR fam,sc 53 5 24 4% 7 90 FLEE 5T & 40 . bR i

3 MESERAMERE N KE

XUH A o = P O O — 1 3 L A ) B
AL 2 iR AR AN -

DR TS = =h FJEH = =0 K EH L. 652
TEKE D7 Im B2 re B3I AP A

DI HREERK LN 2L mER b P LTE (2,
N L

3 AR )= 45 ][R BV A 5 1) 18 33 2 4

4) 20 E S B SR .

B2 TAESHHAMEEERNEFYIEER
MG EL 2w —h/2, 2, +h/21RF =, B0
FtElae,— L, /2 2+ L, /2] EX) 2, B HEH BRI
] it 24 0 FH 3R Bz TR 1 5% e o B AT 75 31 Laplace %5
B T90 i = P [ 0F 30 56 )2 2 R ROE R R B
73 W [
I, Gk, Grp Nu)

1 —
- Ry (7 ) }l
2j|:}, (rD ! Il (7}[) «/Lt) :|da DS

1
—1

=

LGy \/7:)
(6)

: :
st (4 [ [ 1o it TV OB G0 1 )
1

4 TTERHAREFRESN

Van Everdingen 1 Hurst™! #}f 38 £ Bl £ La-
place =% 8] H g I A= 7 19 I RIR U f g F1ZE 7 A= 7
19 TC R AU E 1 Z IAEAE LA T K AR

1
= 3 e 7

FI R Stehfest E:MI %} Laplace 25 [d] gy S A
ARAF A 8] TG IR ™ B qn 5 0 IR E] 2 1 56
R Ldl 7T ER S EEIERIE RS
B

RIEX G- THANER S B EES
PLoViswsdsxee NI 8 2 BOM BUE 0™ BE 30
AR b 2 il 2 52 e AT 43 7

P 3 Bzl T 2 18 W T A W0 55 AN = 1 R R ik WA Xof
FER ARSI e sh DML m ., TUE SR % &
iR WA O S L A 55 BT A e B e g D B A L AR 7
R ] B L 7 e BN AR E .

10+1

5 SRR IR A
'
]0+0.
s s
10t AN S A R A
10—2 L Il L L Il L L J
10 10% 102 10° 102 10% 10  10*® 10+°

Ly

B3 RN IR B S A 5 R A IR R 7 B Y 32

B 4 BT Langmuir JE J7 (P X EZ T A
R sh S & m, 78 [F — Langmuir f&
(V)F . Langmuir JE 77 (Pp) 8K, JE 7 4% 7§ b,

104 F

100F

10—2 -

p,=15 MPa

10 - - - : - . -
106104 102 10° 107 10% 10 10%

D

B 4 Langmuir [£ 71 (P ) X} 7= 88 B9 %2 g

Kl 5 Wt | Langmuir R F (V) X R TS
Hr=reh S LM m . 7€ Langmuir J&J7 (P) A
[G] 9 18 50 T » Langmuir {81 (V) 880K He J) % #5 B



http://gks.cqu.edu.cn

%4 M BOAKR 5 T8 ABB R AU BRI T AR 65
{8 7 e 336 Dl 1 1071 42100 m
=150 m
10#1
10+ "
V,=10mt &
10 < 107
V,=3m’t
a -2}
s V,=1m’/t 10
10°'f 1073 L L L L L L )
106104 107100 107 10% 10¢  10°
D
102 : : : . : ' ‘
10¢ 100 102 10 102 10* 10 10 .
by B8 EFERREKE(x)MNERTESHHEM
5 Langmuir 43 (V. ) 39 7 € & %5 1
101 |
& 6 [ B 1 s PRt 25 L (o) X 0 S ™ 100}
RESH S HT R M52 o P il 72 L X 2R 4% 3t 3 B B 1Y B
77 RE R WA L A A HE BN L 7 AR 10 |
102 : : : : -
105 10° 100 10" 10% 108 107
tl)
B9 a5 (re) MERTESHFH TN
e 100 100 100 100 104 10% 100 bE A
ty 5 =A -“3

B 6 EEMEEL (o)X =RERMm

P 7 B TR AR QO X R TUE S g
IR HEE QIO AU - NI e R ]
R B I B ) 7 R B

10+]
1=0.05
10+0 l
=
10!
A =0.005 1 =0.0005
102 : : : : : !
10- 103 10! 10+ 109 10+ 10+

L,

B7 ERAVOMNERTESHBZM

P 8 Pl 1 3REE K (o) X IR R TUA I 77 g
ShAS AR R . T SRR AR K R PLRE S I
i TR R KRB ) R L TE I T RE
A—E.

B9 e 1 30 SR T SR B SO 3 257 BE il 2k
AOREIE o TR DA% B 0 B s = i R R T AR
Ko TR 3B A 100 5 B I )

<

1) 558 HLACHE I 3 22 X1 DU SAE A
WS LI T A R AR P % R 3 R A R B T DALAS
5 H R AERS 7 A —BuE .

2) T A R P (AR A T A 0 e T 8 HL
AT ) B . Langmuir 4R BUEECR, e ) A% 5 B
16, 77 BB OB 1S s Langmuir [E J3 800N, B ) 1% B B
P 7 gk el B A

3) LA 25 bb L 2R 4% U 2 U 3l B B e R
K8 UL FR FIO 5 A B B 1 7 RE R T 3 L U R A
FR R A A B B I ] AR

) R K AR 3G e e R R g
R R o G A T T R AR —

5) i 770k B 2 3k 0 B B R el i B L R
gt BRSNS~ o=V W IS VR TS i oy a5 &2 Be
313 FL I []

S 30K :

[ 1] 8 G, 2= 5wl ob [ 3R 5 # b < w Js fn ik
JELT]. E TR 2010, 12(5) - 25-29.
HU WEN-RUI, ZHAI GUANG -MING, LI JING -
MING. Potential and development of unconventional
hydrocarbon resources in China[]J]. Engineering Sci-
ences, 2010,12(5):25-29.

L2705k N A, B 5 45 b B TS SRR 3008 0 0.
R Tl ,2008,28(6) : 136-140.



http://gks.cqu.edu.cn

66 TR K FFER

%34 %

ZHANG JIN-CHUAN, XU BO, LIE HAIKUAN, et
al. Explorat-ion potential of shale gas resources in
China[J]. Natural Gas Industry, 2008,28(6) :136-140.

[ 3] &R, Bl R, 5. B A AhEE & AL < 5T H R T
RBUR B W LT ). RAR R Tk 2008,28(12) . 7-10.
LEI QUN., WANG HONG-YAN, ZHAO QUN, et al.
Status analysis and advices on exploration and develop-
ment of unconventional hydrocarbon resources[ J]. Nat-
ural Gas Industry, 2008,28(12):7-10.

L4 ] 20 B bk A AR 55, v B A il Y R AR UOTT R
A S BT RIS LN ,2010,30(1) :5-7.
LI HAI-PING, JIA AI-LIN, HE DONG -BO, et al.
Technical progress and outlook of natural gas develop-
ment for the PetroChina[]J]. Natural Gas Industry,
2010,30(1) :5-7.

[5] BB, Eargr, X AR & R TUA R R IVIR XK E
BRI KRR THAR 2008, 2(3) - 11-14.
ZHAO QUN, WANG HONG-YAN. LIU REN-HE,
et al. Global Development and China’s Exploration for
shalegas[ J ]. Natural Gas Technology., 2008, 2 (3):
11-14.

[ 6] ADAM M LEWIS, RICHARED G HUGHES. PRO-
DUCTION DATA analysis of shale gas reservoirs[ C]/
SPE Annual Technical Conference and Exhibition Den-
ver, Colorado, USA, 21-24
2008 :SPE116688.

[ 7] MATTAR L, GAULT B, MORAD K, et al. Produc-

September

tion analysis and forecasting of shale gas reservoirs:
case history-based approach[ C]/ SPE Shale Gas Pro-
duction Conference, Fort Worth, Texas, U.S. A., 16-
18 November 2008. SPE119897.

[ 8 ] JOHNSON N L, CURRIE S M, BLASINGAME T A.
A simple methodology for direct estimation of gas-in-
place and reserves using rate-time data[ C]/ SPE Rocky
Mountain Petroleum Technology Conference , 14-16 A-
pril 2009 Denver, Colorado, U.:SPE123298.

C97 IMEE, RARML. BRE. 5. TUE S5 IR A0SR AH
ARG HELT ] W A BT 5 R W4, 2007, 14(1) - 26-31.
SUN CHAO, ZHU XIAOMIN, CHEN JING ,et al.
Similarity and correlation on reservoir forming factors

between shale gas reservoirs and deep basin gas reser-

voirs[ J]. Petroleum Geology and Recoery Efficiency,
2007, 14(1):26-31.

L10] E4F, X E A, sk 85, TUE S A 1 B SRR Th
ZWFE 1], RARSHERB} 2. 2010,21(2) :350-355.
WANG XIANG,LIU YU-HUA,ZHANG MIN ,et al.
Conditions of formation and accumulation for shale gas
natural[ ] ]. Gas Geoscience, 2010,21(2):350-355.

[11] A EREZR. 24N BBy BIM] £ .
B AUt Al Tl Rk, 1982,

[12] ERDAL OZKAN.
Wells [D]. Tulsa: University of Tulsa,1988.

[13] OZKAN E, RAGHAVAN R. Some New Solutions to
Solve Problems in Well Test Analysis: Partl-Analytical

Performance of  Horizontal

Considerations [ J]. SPE Formation Evaluation, 1991,
6(3): 359-368.

[14] OZKAN E, RAGHAVAN R. Some New Solutions to
Solve Problems in Well Test Analysis: Part2-Computa-
ti-onal Considerations[ J]. SPE Formation Evaluation,
1991, 6(3):369-378.

[15] OZKAN E, RAGHAVAN R. Some New Solutions to
Solve Problems in Well Test Analysis: Part3-Addition-
al Algorithms [ C]/ SPE Annual Technical Conference
and Exhibition, 25-28 September 1994, New Orleans,
Louisiana: SPE28424.

[16] CHAO GAO, JOHN LEE W. Modeling Multilayer
Gas Reservoirs Including Sorption Effects [C]/ SPE
Eatstern Regional Meeting, 8-10 Npvemner, 1994,
Charleston, West Vinginin: Paper SPE29173.

L17] Bk W, 2k, JUE TR 5 0 R IR 3h & 00 i
(] . RS T2010.30(10) - 1-4.

DUAN YONG-GANG, LI JIAN-QIU. Transient pres-
sure analysis of infinite conductivity fractured wells for
shale gas[J]. Natural Gas Industry, 2010. 30(10) :1-4.

[18] VAN EVERDINGEN A F, HURST W. The applica-
tion of Laplace transformation to flow problem in reser-
voirs [ M]. Trans AIME, 1949.186,305-324.

[19] STEHFEST H. Numerical inversion of Laplace trans-

ACM, 1970,

forms.  Communications of the

13(1): 47-49.

(% KR



