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Optimization of Fracturing Energy Storage Parameters Using Response Surface Methodology
and Comprehensive Learning Particle Swarm Optimization
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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 due to 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 within this 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—induced energy storage parameters for the G Oilfield.
Firstly, a geological model of a representative well group was established using the 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 significantly impacting the 1 000-day cumulative oil production, including fracture—length
ratio, fracture conductivity, injection intensity, daily injection volume, and well soaking time. Following this, the Response Surface
Methodology 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 validation. Finally, the
Comprehensive Learning Particle Swarm Optimization algorithm was introduced to perform iterative optimization of the identified key
parameters, with the objective of maximizing cumulative oil production. The application of this integrated optimization strategy significantly

enhanced the development outcomes. The optimized scheme increased the 1000~day cumulative oil production by 5.98% compared to the
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simulation results under parameters optimized solely by the Response Surface Methodology. The study successfully determined the optimal

parameter combination suitable for fracturing—induced energy storage in the G Oilfield. The results demonstrate that the integrated

optimization method, combining single—factor analysis, Response Surface Methodology, and the intelligent optimization algorithm, effectively

resolved the inefficient production problem caused by parameter mismatch in fracturing—induced energy storage, 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 enhancing

development. It holds significant application value for the Ordos Basin and similar reservoirs.
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Fig. 1 3D Geological Model of Fracture—stimulated Energy Storage—Imbibition Oil Recovery
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Fig. 2 Production History Match Curve of Well Group 2267 in Block H of G Oilfield
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Fig. 4 Maximum Formation Pressure and Average Well Water Cut under Different Injection Parameters
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Fig. 5 Formation Pressure and Waterflood Front Distribution under Different Injection Parameters
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Table 2 Design Scheme for Single—Factor Optimization of Fracturing—Energy Storage Imbibition Technology Parameters
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Fig. 7 Single—Factor Optimization Results for Fracturing—Energy Storage Imbibition Technology Parameters
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