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Abstract: With the continued decline in recoverable reserves of offshore medium to high permeability reservoirs,
increasing attention has been directed toward low permeability reservoirs with permeability below 10 mD. To
enhance recovery efficiency in these formations, multi stage hydraulic fracturing has been applied. However,
significant flow imbalances among clusters within individual stages have adversely affected well performance. To
evaluate the influence of multi cluster fracture geometry on horizontal well productivity, a horizontal well fracturing

model was constructed using the FrSmart integrated geomechanical simulation platform. The Displacement

Discontinuity Method (DDM) was used to analyze two key parameters, namely cluster spacing and the number of
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clusters per stage. An optimization study was then carried out using fracture uniformity coefficient and productivity
index as evaluation criteria to determine the optimal fracturing parameter combination for offshore low permeability
reservoirs. The results indicate that increasing the cluster count leads to greater disparity in fluid intake and fracture
length. Cluster spacing strongly affects the uniformity of fracture propagation, and field observations confirm that
optimized spacing promotes more uniform fracture growth. Based on the evaluation of fracture uniformity, propped
fracture characteristics and productivity under various stage cluster configurations and pumping rates, the optimal
parameters were identified as three clusters per stage, stage spacing of 100 m and cluster spacing of 30 m. The
recommended operational conditions include a fracturing fluid with a viscosity of 30 mPa+s and a pumping rate of
8 m*/min. These optimized parameters have been successfully applied in offshore low permeability wells and have
contributed to improved recovery performance.

Key words: displacement discontinuity method; multi-stage fracturing in horizontal wells; fracture uniformity

coefficient; fracture conductivity; post—f{racturing productivity prediction
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Fig.1  Schematic of flow distribution among multiple fracture clusters

in one stage of multistage fractured horizontal well
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Tab.1 ~ Basic parameters of fractured horizontal wells
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Fig.2  Fracture geometry and propped width distribution with varying perforation cluster numbers within the same fracturing stage
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Fig.3  Fluid intake percentage per fracture and fracture uniformity

coefficient under different perforation cluster numbers
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Fig.4 Comparative chart of fracture half-length parameters

with varying perforation cluster numbers
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Fig.5 Fracture geometry and propped width distribution patterns under different perforation cluster spacing conditions
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Fig.6  Chart of fluid intake percentage per fracture and fracture

uniformity coefficient under different perforation cluster spacing
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different perforation cluster spacing configurations
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Fig.8 History matching results of exploration wells in KP Oilfield
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Fig.10  Schematic of 3D grid model for fractured horizontal well
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Fig.12  Fracture conductivity and uniformity coefficient versus

stage spacing in fractured horizontal well
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Fig.13  Post—fracturing productivity simulation curves for horizontal wells in KP oilfield under varying stage spacings
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16 EERBFEHT KPilHKEHFEEF=RER Ml &



TUR, 2 - 5 T2y T ™ RERY I EARE IR2UKF I T 28k

- S SRR ) X AR B S M s 7 RE RS, AN
[ e R [P0 R 2R 481 T 2 A5 40 11 17 s AN
I FE R TR RE ) KRG Y ) R B AL B R A
B8 o . MAREEIE 25 7 3 AT DL Sk i o I
ST 1B B RGN, 1 24 2R B KB W PR AR, TR R 4%
i EEIZ D T, RGE SRR B T

R AT % 18] B 1) R A T 25 2 05 N TH BB (B A
PR AT 7 BEARALL, B A N 10 a, [ 19 i€
NN NET 3 1 ER 3 B N R B < = A TR

JRJe SCHEAE S IBET1/(D - om)

I60

45

- 30

I 15
» 0
() JEZ4FEIAIFE 10 m 58I

JJr s AR IR AE /(D - om)

I60

45

- 30

(o) JE AR A 30 m R4 T4

S00 rmmmififsise o 02 RE 1 1.0
i3 —— AR
450 | 109
£ 400 108
)
£ 350 f 107 %
300 {06 M
2 55 | los &
= 250 ) ﬁ)
o 200 | 104 &
e ®
= 150 ¢ 103
%1%- {02
50 10.1
0
10 20 30 40
S LA A B /m

18 ERKFEHANEKIEESRAE

Fig.18 Fracture conductivity and uniformity coefficient versus

cluster spacing in fractured horizontal well
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Fig.19  Post—fracturing productivity simulation curves for KP Oilfield horizontal wells under varying cluster spacing configurations
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Tab.3  Simulated fracture dimensions under different fracturing pumping rates
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