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Fig.1 Relationship between Knudsen number and

pressure under different pore throat diameter
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Table 1 A basic parameters list of one shale gas reservoir
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48/ m 0.1 JEZX LA EAE 25/ MPa ! 0.035
IR SR Z 80/ MPa ! 0.000 4 JEZEIXFLIRBE/ 7 10
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HIRBER/ (X109 um?) 0.005 RRA% 2K & 71/ MPa 10
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Fig.5 Relationship between daily output and production

pressure drop under different stimulated region radius

I 6 W TR [ PR 2 I 3 3% R R B H 7
B, T LU R K 1 7 A L i
K, YRR 2L X A998 B AN E] 10 X 10
R 7 B R DI 0 1 TR 7 X 0 SO A7
PR LN, B0 B8 SR R 5 10 B0 P K

301 —— FBUEHKBERIS 10 pwm?
- AR BERI0x 10 pm?
251 - RBERIKIBER5x 10 um?
—a— RBUERXBIE R <107 pm?

B 50l -+ HBUERKEER05X107 wm?
£ .
X 15F
ﬂ{“
o 1.0F

0.5F

15 20

11)
HEFEEFE/MPa
GRERREERNAFENZMN
Fig.6 Effect of permeability of stimulated zone

25

B 6

on daily output

FERR A T A U S At L 2 — 25 i
SRR LR TR BUR 2K AR RS - i

B7 S 1 DU A RO X e A R
WA, AT LUE 2R g 0UA RO 7 R T R
ARBRE 5 1H Fop 18 UL 2 2 T 2R XM Joi X ) i

VU St = mE ) STEROR B L B = 180d )
2 AP T ARK I AR AS P A I AN 1) L ™ e T
TR Ik FRaE . A= b s A SO
i 182 S [B DI I o = A A B & 2 U RS
GBI EEAE R ETTRE. HA
1.400d B, S = 2 2005 B B R En
159, FLMWAT FE R Sk AT . 156 BH DU A0 A I
S R A AR TR A A R RN R 22

167 —— 25 [ fRIR ) H e 740
1aF A AR H 7 435
_ | e Rt sy =
z 12F T AR B i 30 g
\\>§ —42.0 Ullﬂ
m {1.0 8%

10.5

L 0
1000 1500
HeFERE)/d
B7 MBERAEXNBFEMEHTENHIE
Fig.7 Effect of desorption on daily output

and total gas production

K8 S 14 B AR B RERY e . X (3)
AL HCRECS A2 B FLE AR A2 R A
F 46 A5 AR 1 R AT 5, BT A T A8 [ 19
fiff 2, LY HOR B2 R W R R R AR R, Bl
EYRCR BRI AN, 2 A R 2 1 KR
— AR LI AR B R A T2

15 — P B R E800mm/s
---------- YRR E600mm?/s
15 ——=- P B R E400mm?/s

—— P HRER200mm?/s

11

= |
E ok
X f
=k
]]m { r\"~.
Lo
= :

1 J
1 000 1 500

HEFERT )/
8 FHRHXMHBFEMNRMN
Fig.8 Effect of diffusion coefficient on daily output

P9 Tk T IS 28R R BLXE R 7 AR
PR B0 B LR R PR
Bo/N 200d LR B 1A 22 25 P 0 KL R
PR IR RO BHIE A L P SRR s BT AR



No.7 CHMF AT EENBE RO R EARBRERZREFZFHE 1057

L 2 38 (EL 38 o 9 8 BE R/ . Y AR 2R TR R
BE 0.1m’ [kg W, RiF7 R LA EHN .

4.0

—— WIRZRIERL0. 1mkg

== WARZIRIAAR0.075m kg

=== PR R IEF0.05m? kg

...... B 2R IERL0.025m? kg
PR ZRIRF20.01mY kg

i 300 600 900 1200 1 500

AR Tl
9 BRBREBRIIRITF~ENZMN

Fig.9 Effect of Langmuir volume on total gas production
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A productivity model of volume fractured horizontal wells in shale gas based

on the continuous succession pseudo-steady state method

Zeng Fan-hui' , Wang Xiao-wei' , Guo Jian-chun',Zheng Ji-gang”,Li Ya-zhou®, Xiang Jian-hua’

(1.State Key Laboratory of Oil & Gas Reservoir Geology and Ex ploitation in Southwest Petroleum University ,
Chengdu 610500,China; 2.No.12 Oil Production Plant ,Changqing Oilfield Com pany > Xi’an 710200,China ;
3.CNPC Southwest Oil and Gas Field Com pany sChengdu 610017 ,China)

Abstract: The volume fractured horizontal well is the key technology for developing shale gas reservoirs. Af-

ter the stimulated reservoir volume is fractured,the gas flow in matrix is non-linear seepage controlled by

the nano-scale pores,while the seepage in stimulated region is converted into Darcy flow controlled by the

micro-scale fracture network.In this paper, the steady productivity model of volume fractured horizontal
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well was firstly established by comprehensively considering the multi-scale flowing states, shale gas de-
sorption and diffusion, which coupled flows in matrix and stimulated region. On this basis, for the first
time,a transient productivity calculation model combined with the material balance equation was obtained
with the continuous succession pseudo-steady state method (SPSS),which considered the unstable propa-
gation of pressure wave.And the horizontal well productivity prediction and factors analysis was carried out
by using the SPSS.The results show that the model has the advantages of simple process,fast calculation
speed and high agreement with numerical simulation results.Furthermore,it can be found that the seepage
of shale gas is an unstable process.The pressure wave first reaches the boundary of the stimulated region,
and then propagates to the reservoir boundary.During the production process,the desorption effect of shale
gas is the key factor affecting the middle and late stage production of gas wells.With the increase of the ra-
dius and permeability of the stimulated region,the diffusion coefficient and LLangmuir volume, the produc-
tivity of shale gas wells would increase, while the increasing rate would decrease. And the effect of Lang-
muir pressure on productivity is less.It is concluded that this method provides a theoretical basis for the
calculation of transient productivity of shale gas fractured horizontal wells.

Key words: Shale gas reservoir; Volume fractured horizontal wells; Multi-scale flow; Continuous succes-

sion of pseudo-steady states method; Transient productivity; Factors analysis
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