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Abstract

The discretization and coupling methods proposed between and within fractures based on semi-ana-
lytical theory are of great significance for studying productivity prediction methods for horizontal
wells in complex fracture networks in unconventional oil and gas extraction. This paper establishes
fluid flow models in fractures, formations, and wellbores, pressure loss calculation models for hor-
izontal wellbores, and interference models between horizontal wells based on fluid flow theory and
source function theory. By introducing the coordinates of fracture centers as calculation parame-
ters, the fractures are discretized, enabling coupling between fractures, between fractures and well-
bores, and between fractures and formations. Furthermore, a productivity prediction model for hor-
izontal injection-production well networks is established. Analysis of factors influencing productivity
reveals that an increase in the number of fractures in the early stages results in a larger contact area
between fractures and the reservoir, more flow channels, and more fluid flowing into the wellbore
through fractures, thereby enhancing production. As formation permeability, fracture length, and
fracture conductivity increase, fluid flow resistance decreases and the absolute open flow potential
increases, leading to higher reservoir recovery and further significant improvements in productivity.
Additionally, this paper provides certain reference value and application significance for productivity
prediction of staged multi-fractured horizontal wells in oilfield operations.
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Figure 1. Physical model of horizontal well
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Figure 2. Horizontal well coefficient matrix

2. IRFH RN

DOI: 10.12677/jogt.2025.471016 135 Al RN


https://doi.org/10.12677/jogt.2025.471016

HIE 5

3.2.2. IKEHEENHK S

TRV BT A PR T o o R B B P 23 R TR R T SRR R ) R B, XA AL TR g, A1
Oy, EBEAFFRT s FLR H T RUARLE I 12 A D % 3l B0 T 5 ] A B 3 SO JBE PEL AR 2R [31] o s s
(7= A BB TR IE S BT AR I Sh R A A T AR, SRR R AR R AR ANIE 1 (A FAL e o W S

H R R T AR IR

d 2
7.45x10" d_p = —M (12)
dx dx
K, V2B NIRRT SIEE, me.sm?,
P24 5 A8 s AT R AR R 3 AR NN Pui 5 Puias Qul 5 Quict
12 dpe 2 ( 2 2
7.45%10 ( Pui — pwi—l) == Bﬂ_zrvc Osc (qwi - qwi—l) (13)
JEE 8 I B AU T RS T A 7 v o £ P B PR RS AN, Ayl S sl = A T — e R P I BE R I [32] . JBE
B FRIEH
7.45x102 9P _ _fov (14)
dl 4r,

A, | ALKE, m,
4. FKEFHIRBILIF

AT R FH BUE T 7R AR AT 5 1R AR 45 S 1 05 kAT X LR BGIE[33] o 32 SR A 7 Mb A0 A 3 4 o) Lk
BT A FIHE B T KT P e R IR B F rT S . A I FERES E0n 8 1 Fas[34].
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Figure 3. Numerical model of horizontal well (a) Two numerical models of cracks; (b) 5 numerical models of cracks
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Figure 4. Verification of horizontal well model
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Figure 5. The impact of different permeability rates on injection capacity and production capacity under the one injection,
two mining types. (a) Impact on injection capability; (b) Impact on production capacity
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Figure 6. The impact of different crack half lengths on injection capacity and productivity under the one shot two mining
types. (a) Impact on injection capability; (b) Impact on production capacity
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Figure 7. The impact of different fracture conductivity on injection capacity and production capacity under one injection
and two mining types. (a) Impact on injection capability; (b) Impact on production capacity
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Figure 8. The impact of different numbers of cracks on injection capacity and productivity under one injection and two
mining types. (a) Impact on injection capability; (b) Impact on production capacity
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