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Abstract: Shale oil reservoirs generally exhibit strong heterogeneity, and the in-situ stress field, rock mechanical properties, and lithological
non—uniformity around the target zone are significant. These factors lead to large variations in initiation pressure at different perforation
clusters along a horizontal well, resulting in unbalanced fracture initiation and propagation among clusters within a fracturing stage. This
significantly restricts both the stimulated reservoir volume (SRV) and the overall stimulation efficiency. To address these issues, this study
first optimized the depth positions of perforation clusters within each fractured well stage by minimizing the differences in initiation pressure
among the perforation clusters. Subsequently, the stress interference effects between multiple clusters of fractures were considered to
calculate the non—uniform stress field during the reservoir fracturing process. A multi—cluster hydraulic fracture propagation model for shale

oil was then developed, culminating in a method for regulating the uniform propagation of multi-cluster fractures. Using horizontal shale oil
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well NC1 as a case, we first performed an optimization of the non—uniform perforation cluster layout with the objective of minimizing the
differences in initiation pressure among the perforation clusters. A comparative analysis of fracture propagation before and after the
optimization of the perforation clusters was conducted, and the effectiveness of fracture control post—optimization was evaluated. The results
indicated that after optimizing the perforation clusters, the average initiation pressure difference across the entire well stage decreased from
7.04 MPa to 1.03 MPa. The average fracture length variation coefficient across all stages reduced from 0.22 to 0.09, with a decrease in the
fracture length variation coefficient in each stage, and all cluster fractures in each stage initiated. The standard deviation of the inflow rates
for each cluster of fractures in well NC1, derived from high—frequency pressure wave deconvolution, was found to be less than 10, indicating
a relatively uniform distribution of inflow rates among the clusters. The regulation of hydraulic fracture initiation and propagation was
significantly effective. This research provides a theoretical framework for enhancing the effectiveness of perforation cluster fracturing in
horizontal shale oil wells and for regulating the uniform propagation of fractures among clusters, offering valuable guidance for the design of
multi—cluster perforations in field applications.

Keywords: Shale oil; Initiation pressure; Non—uniform perforation cluster; Fracture length variation coefficient; Uniform fracture propagation
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Fig. 2 Schematic diagram of optimizing the perforation cluster

position to control the uniform propagation of fractures

2 NS

R EIRTHRIIE S AR , TS Y TR K
H 5 FUAE AL I A Ty 12 0 2 e 2R B A A B A, B3R
T 7 S AL L B A i TR 24 R AT A 25, X B 3B
TS ALARAE B A AT B 2R T R4 KA S R X
S LR B AUAL S B REEERCR AT T 9P .

2.1 fEE4S1E

TUA I NC1H e X B b J2 75 S5 8 27.7 MPa, #1)2
FE 1 RZBCRN 1.35, )8 T 5 8 & i <08 H)Z R
66 °C, Ja ERSE K 2.76 C/hm, J@ T IR IRAR 2 ; FLER B

P 6.61%~9.40%, & i# %4 1 1E (0.08~0.9) X107
wm?, 5 1R EE A T 44.54%~62.02%, B G B
30.6~34.3 GPa, JAFA N 0.22~0.27; )2 LLFLER b 2
i FEZs 18], FLBR AL B R AE B (2, AN R 5 K ek
F % 18 50.38~53.30 MPa, /K V-5 /N E 0 18 41.20~
44.00 MPa, 3 [5] 32 i 11 4 50.00~51.00 MPa. " ¥ 41 il
o K R BR 33.3%~51.2%, £1 JE T B A BN
29.4%~49.2% , 55 L0 W) T 43 BUR T%~16%. fiti 21
R, D B . NC1 IR R o i
BRI IR 2R

22 HIERMRHATEHBARENE

NC1 A #5518 2 495 m, FEVR 2 078 m, B 4L 5
%3 865 m, VR 2 089 m, LA K F-B 1 1370 m. 3T
2 S BR Aith J2 Hh 5 2 BT e 22 75 K g 44 S A B (AR
P, BT b o S 8005 R 2 TS0 3R 1 PR
Fz1 NC1HSHKARERMBEEENRSHEERIE
I5H

Table 1 Geological parameters and engineering
parameters of numerical simulation of multi-cluster

hydraulic fracture propagation in Well NC1
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Fig. 5 Planar distribution of fracture propagation before perforation cluster optimization in Well NC1
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Fig. 6 Planar distribution of fracture propagation after perforation cluster optimization in Well NC1
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