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In the context of Oil and Gas (O&G) well exploration and production, the development of new completion equipment is

essential to improving operational efficiency, safety, and reliability. However, in the early stages of development, reliability

estimates often rely on expert judgment and generic data. As new evidence becomes available from tests performed on

components, subsystems, and full systems, this information can be incorporated through Bayesian updating to refine

failure probability estimates. Accordingly, equipment reliability can be represented using a Multilevel Reliability Model

that reflects the hierarchical structure of the system. Techniques such as Fault Tree Analysis (FTA) help illustrate this model

by mapping failure mechanisms, modes, and their logical relationships. In this study, we explore a quantum formulation of

an FTA as an alternative method to estimate the reliability of an open-hole expandable packer designed for a mission time

of 27 years. The so-called Quantum Fault Tree (QFT) is implemented on a quantum simulator using a quantum circuit that

encodes the logical relations and probabilities of intermediate and basic events. The advantage of applying QFT lies in its

ability to identify the Minimal Cut Sets (MCS) of the fault tree through Grover’s Search and Grover’s Counting algorithms.

These sets are critical for identifying the weakest system components, enabling improvements during the design and

development phases. Finally, we compare the performance of the quantum algorithm with current state-of-the-art

classical techniques.
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