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Abstract : Shale gas reservoirs are of complex pore structure, low matrix permeability and well developed natural micro frac-
tures, and horizontal-wells with segmented multi-cluster fractures have been used as the major production technology. The
process of gas production can be characterized as a multi-scale flow system, including gas seepage in fractures and gas de-
sorption, slip and diffusion in shale matrix. A numerical simulation model for the gas seepage flow in fractures was estab-
lished based on a discrete fracture model, and a finite element method was used for the solutions of the nonlinear partial dif-
ferential equations. The dynamic characteristics of the shale gas production process were analyzed in terms of the effects of
fracture half-length and the segment number of multi-cluster fracturing on reservoir pressure distribution and well perform-
ance. The results show that high production rate can be observed in the initial stage of the gas production, but it decreases
rapidly and has a long production period. During the initial stage of gas production, the flow in fractures plays a leading role.
The more fractures, the faster reduction of the reservoirs pressure, and the productivity of wells is mainly relied on this stage.
In the late stage of the gas production, flows in matrix dominate the process, and the positive effect of fracture half-length can
be observed, in which the decline rate of production can be reduced if longer fracture length is obtained. For field optimiza-

tion, the numbers of the segmented fracturing and the fracture half-length can be adjusted to meet the production requirement
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based on the production rate and cumulative production curves of single wells.

Keywords : shale gas; discrete fracture model; fracture flow; dynamic characteristics
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Fig.1 Geometrical model of a discrete fracture network
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Fig.2 Pressure distribution at different fracturing series and different time with x,=150 m
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Fig.3 Pressure distribution at different fracturing series and different time with x, =200 m
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Fig.4 Production rate change curves with different

fracturing series and different fracture half-length

JEIET 4 rp 25 i ] B AR 7= o 72 A A8 Ak il 2
K, 5 Fos,

HE 5 ATV

(D) AP0 ~1.5 a) ,3 A~ H W= & T ]
3x10* m’/d, LA A [R] o, 448 P KK 7 iR
i3 BEEE A R I, TR 2 | e sy, X

TR — B R G B | e BB 22 | B8 F K
R, B A 7= R PR | A 7400 39 T SR R IOk 32 A
.

(2) N 1.5 a FFUR AN [RI AR R A 7= e 120G 38 A 2
A AR T AR B I S 2 BT A
L IR G R [, ELBE R AR
Pl T RGO B

(3) BA =R 0] B AR R RO 2 | 2R 7
JEBAI , X B TR RGO 2 | [ T A
PR ELAD I RO R RE R bR, S A IS I RE
HEAN AL AR TR I T 2D R
TR P AL A%, Ay B, R AR RE R TR
P N S

(4) BA UA A i R b, 2 T PR
(I, AR R, A 7 B PR 5 4 2R~ A
[RIER, A0 30 s SR 4 A 22 77 sy 5 A 7 R s
LEINER SIS E i i

A7 27 a I AN ] R4 2% AR 2L 45 22 10 7 1Y
SRRt & a6 R, Y4 R GEOH [R]
I RO BB R 2 R4 E KA TR
W, IR L RBUT R, SURGERA S S
BHEARZE , Bl A TR AE FI KR SLBE 1 % 3 Pk T



- 130 -

T E G HKFFIR(ERAFR)

2015 %6 A

RS WA SRR S O NI RS A RPN
SRR RTIRDL . A2 AT (0 ~ 8 a) HEARUEGE
EEARN, g BBUE R, HREEK
200 m JEZE 19 ZRRLEERE 1T 2 a B EHARIE

20
o %.=150 m %,=200 m
~
T 15 —— 5% = 5%
B —_— 9 — 9%
e, — —
5 10 19% 19%
=
b
L 5
Sl
0 1
0 0.5 1.0 1.5 2.0 2.5 3.0
Bt ) t/a
(a)0~2.7a
0.45
%.=150 m %,=200 n
T? 0.35 — 54 — 5%
] — 9% —_— 0%
(=1
2 —_— 19% = 19
< 0.25 *
o
=
0.15
4
Sl
0. 05 L .
2.5 5.0 7.5 10.0 12.5 15.0
) t/a
(c)2.5~15a

PR 61% AT S a A% 73% ;BRI (8 ~27 a)
FEZRGEO L 2 2 K VR eSS . HLEAR ok
B 27 a b, AP KRB R RE L B
TR R

0.8 %.=150 m %,=200 n
= — 55 — 5%
T 0.6 —_— 9  — 9%
¥y —_— 19  — 194
S 04
H
g 0.2
el
0 1 I )
1.5 2.0 2.5 3.0
B t/a
(b)1.5~2.7a
0-12 %.=150 m %,=200 m
o — 5% 5%
= 0.10 9% 9%
: —_— 19 — 19%
< 0.08 P
g
b
# 0.06 F
5 e—
|
0.04 L E— !
15 20 25 30
B t/a
(d)15~27 a

5 BRERAREERRHTARAREFRKTETH L

Fig.5 Production rate change curves with different fracturing series and fracture half-length at different time
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