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Flexible pipes form the core infrastructure of PETROBRAS's subsea production systems, with thousands of segments
operating at depths up to 2500 meters. These complex, multi-layered structures are susceptible to more than fifty failure
mechanisms. The strategy of periodic visual inspection, conducted by remotely operated vehicles, has proven cost-
ineffective and statistically unwarranted; repeated inspections often reveal no measurable degradation, raising questions
about the efficacy of a uniform, time-based regime. This work introduces a comprehensive Risk-Based Inspection (RBI)
methodology, overcoming the limitations of scarce structured data and the historical reliance on deterministic predictors.
The proposed model integrates three key components. First, it employs fuzzy logic to model epistemic uncertainties,
translating expert judgment into input distributions for Monte Carlo simulations that propagate uncertainties through
fault trees. Second, decades of operational expertise are codified into heuristic rules, dynamically adjusting the
probabilities of initiating and intermediate events based on system attributes, operational history, and environmental
conditions. A custom domain-specific language was developed to implement this rule-based system efficiently.Central to
the methodology is a predictor-corrector computational algorithm. The 'predictor' phase forecasts the time-evolving
probability of five failure modes for each individual. The 'corrector' phase updates the forecasts at discrete inspection
times, incorporating inspection results and the inherent reliability (e.g., probability of detection) of the applied techniques.
The consequences of failure are estimated through additional heuristics and categorized into environmental, safety,
economical and reputational impacts.To enable direct comparison of these heterogeneous risk profiles, Data Envelopment
Analysis (DEA) is employed, establishing a relative risk efficiency frontier for multi-criteria prioritization. The framework
supports what-if scenario analysis and sensitivity studies to optimize inspection strategy choices. The methodology is
being deployed in batches, undergoing continuous refinement. This approach provides scalable, decision-support
frameworks that shift flexible riser integrity management from a prescriptive, calendar-based activity to a risk-informed
and dynamically optimized process.
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