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Figure 1 (Color online) Summary of ski-jump energy dissipation
projects for high dams (>200 m) in China.
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Figure 2 (Color online) Scour-induced damage and its evolution at
Kariba Dam.
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Figure 3 (Color online) Conventional optimization approach for ski-
jump buckets and its associated problem.
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Figure 4 (Color online) Conceptual methodology for investigating
self-arising scour characteristics.
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Figure S (Color online) Technical workflow of the adaptive methodology.
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Figure 6 (Color online) Schematic of the ski-jump bucket energy-
dissipation jet.
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Figure 7 (Color online) Schematic of the ski-jump bucket energy-
dissipation jet.
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Figure 14 (Color online) Unit discharge at impact of the optimized
bucket geometry.
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Figure 15 Preliminary design geometry of the spillway outlet bucket.
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Figure 16 (Color online) Pareto solution set from the NSGA-II algorithm and the crescent-shaped jet.
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Figure 17 (Color online) Pareto solution set from the NSGA-II algorithm and the crescent-shaped jet.
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An adaptive optimization method for flip bucket geometry in
high-dam flood discharge and its application

ZHANG JianMin"*, XU WeiLin'"” & LEI Gang'”

! State Key Laboratory of Hydraulics and Mountain River Engineering, Sichuan University, Chengdu 610065, China
2 College of Water Resource and Hydropower, Sichuan University, Chengdu 610065, China
? Sichuan Water Resources Planning and Research Institute, Chengdu 610072, China

Adopting the perspective of systemic coordination in hydraulic energy dissipation and scour prevention systems, this study introduces
adaptive thinking from biology to address the challenges of energy dissipation and scour control in flip bucket hydraulics. By
employing the attributes of “system” and “coordination” derived from adaptation theory, it analyzes the interrelationships among key
factors influencing the geometric design of flip buckets. This work represents a departure from conventional forward-design
optimization approaches by proposing a self-adaptive optimization methodology for flip bucket geometry. The proposed method aims
to achieve comprehensive techno-economic optimum in energy dissipation and scour prevention design. Based on topographic and
geological conditions of the energy dissipation zone and the hydraulic characteristics of the ski-jump jet, it uses allowable impact load
in the scour area as a suitability criterion, with minimization and spatial optimization of unit discharge at impact as the starting point.
Artificial neural networks and the fast non-dominated sorting genetic algorithm II (NSGA-II) are employed to inversely derive an
optimized set of bucket geometric parameters. Guided by this intelligent inversion framework, multi-objective optimization is
performed concerning energy dissipation efficiency, scour control, and protection measures. By integrating ski-jump hydraulics with
multi-objective decision-making and small-sample learning, the method ultimately produces bucket shape parameters that match the
desired performance targets. This study applies the proposed method to energy dissipation and scour prevention in high-dam projects.
Two bucket configurations are introduced: a large obliquely cut and twisted flip bucket combined with a plunge structure that
produces a rectilinear jet entry, and an eagle-beak-type bucket that generates a rolled crescent-shaped jet. Both designs achieve the
optimization objective of enhanced scour prevention. An adaptive theoretical and technical framework has been established for flip
bucket design, resulting in higher energy dissipation efficiency, reduced local scour, simplified protective measures, and lower project
costs. The findings provide scientific support for the optimization of ski-jump energy dissipation and scour protection design, and can
be extended to other types of energy dissipation structures.

self-adaptive optimisation method, flip bucket, numerical simulation, multi-objective optimisation, NSGA-II
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