2026 4F W BEMNDE AL

Flok 4 PETROLEUM RESERVOIR EVALUATION AND DEVELOPMENT 749
S| AR S, EEEA, ML, L LT N I RN ZE A TR TR ) R 24 & RE S AR . AR 5T &, 2026, 16(4): 749-759.

LU Cong, WANG Xinlin, ZENG Qijun, et al. Optimization of fracturing energy storage parameters based on response surface methodology and

comprehensive learning particle swarm algorithm[J]. Petroleum Reservoir Evaluation and Development, 2026, 16(4): 749-759.

DOI: 10.13809/j.cnki.cn32-1825/te.2025419

E TN EEMGSF A FRE RN
ERFESHMAN

PR, Tak, gfR, FHA
(P A7 K27 AL BT 2 TP e 4 S0 %8, DU 1T 6 610500)

WE:FR S AHCHHEHRNTRLATEN B EHEREEZTR RN ETHRRR ., ERRELE ST KM ZF A >
Kok BGCHERTEXNEHES B RE, FIAKERSHLTENA,mEHNH T HFELRE. Hik, @M%ﬁ%cﬁa&l&%’é;ﬁﬁ %
My ERME . &, XTCMCHEEN R AT REIEH AWM FTAER  FEAEAEERYE  HTRALBZINE, R4
RAEX1000d BT mERHEENXBEHN SN GFEKL ZESREN ENRE BEXEREHEE., HE, LA
WM A ERESE G B EZ AN ETNAEA AR R o R B E A T RS, KB INEAF
HFBHRATE URAM BT HENEAR, XXBESHFATART R, EARERMA KL G  FABRRLERA KT £
F1000d 2Tl ER N EERCSERTOENERERST TS598%., AAERFRARSHEEATCHEERS N HESK
4 A, Xk P rk A BB F AT 0 T k5 A SR SR R T R T DR U R R R S S R R T B IR A R I AL
MNTBERGREM TR, ZHXRRBEERRNEE N EHIRED RBB R L BEENER TR R LR A EEE
PR T =N RATATHE AT £, 350 R L 843 B 26 o R B & oy A A

KBR: GAEFIRNTHE LR T ER, TLABM AW AT %

hE S ES TE3ST SCHRARIAAD : A

Optimization of fracturing energy storage parameters based on response surface methodology

and comprehensive learning particle swarm algorithm
LU Cong, WANG Xinlin, ZENG Qijun, LI Qiuyue

(State Key Laboratory of Oil and Gas Reservoir Geology and Exploitation, Southwest Petroleum University, Chengdu, Sichuan
610500, China)

Abstract: The G oilfield in the Ordos Basin has entered the middle to late stages of development and is confronted with the challenge of
production decline caused by depleted reservoir energy. Fracturing stimulation combined with water injection for energy replenishment is a
commonly used production enhancement strategy. However, parameter mismatch in fracturing—induced energy storage in the G oilfield often
leads to water channeling and premature water breakthrough in adjacent wells, severely constraining development effectiveness. To address
this issue, this study focuses on the integrated optimization of fracturing energy storage parameters in the G oilfield. First, a geological model
of a representative well group was established using CMG numerical simulation software, and the mechanism of water injection for energy
storage was thoroughly analyzed. Subsequently, the single—factor analysis method was employed to systematically identify key control
parameters that significantly affected the 1 000-day cumulative oil production, including fracture—length ratio, fracture conductivity,
injection intensity, daily water injection volume, and well shut—in time. Then, response surface methodology (RSM) was applied to construct
a high—precision predictive model between these key parameters and the 1 000—-day cumulative oil production. The reliability of the model
was verified through residual analysis and numerical simulation. Finally, the comprehensive learning particle swarm optimization algorithm
was introduced to iteratively optimize the identified key parameters with the objective of maximizing cumulative oil production. The
application of this integrated optimization strategy significantly improved the development performance. The optimized scheme increased the

1 000-day cumulative oil production by 5.98% compared with the simulation results obtained using parameters optimized solely by RSM.
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The results successfully determined the optimal parameter combination suitable for fracturing energy storage in the G oilfield, and

demonstrated that the integrated optimization method, combining single—factor analysis, RSM, and the intelligent optimization algorithm,

effectively resolved the inefficient production problem caused by parameter mismatch in fracturing energy storage, thereby significantly

improving crude oil production. The integrated optimization strategy proposed in this study provides a systematic and feasible technical

solution for addressing common issues in low—pressure coefficient reservoirs, such as insufficient natural productivity and difficulties in

improving development performance, and holds significant application value for the Ordos Basin and similar reservoirs.
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Fig. 1 3D geological model of fracturing energy storage—imbibition oil recovery
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Fig. 2 Production history matching curves of well group 2267 in block H of G oilfield
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Fig. 3 Variation characteristics of formation pressure and waterflood front distance near wellbore in well 2267, block H, G oilfield under

different injection parameters
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Table 1 Single—factor optimization schemes of fracturing energy storage-imbibition oil recovery technology parameters
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Fig. 7 Single—factor optimization analysis curves of fracturing energy storage — imbibition oil recovery technology parameters
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