Dataware-aided life cycle management

This engineering method is part of a complex methodology known as nuclear power Plant Life

Management (PLiM), which aims to ensure the long-term, safe and efficient operation of NPPs.

The approach to PLiM, developed in Russian nuclear power industry, covers technologies,

resources and processes related to all stages of the life cycle, based on the advanced concept of

information support. This concept provides for:

e creation of a single source of data on the initial and current state of NPP components
(equipment, pipelines etc.) for planning and implementing their maintenance, repair,
replacement and other management measures based on the actual information concerning their
integrity, structural health and performance;

e access to this data for all participants in the life cycle (designers, component manufacturers,
builders, installers, operating organizations, etc.) who need it and are allowed to do it;

e minimizing errors when transferring data between different participants and stages of the life
cycle.

Traditionally, information support includes documentation (design, production and
operational), software and hardware, as well as methodological tools and organizational
measures that ensure the processing of information in order to justify management decisions. The
advanced concept introduces an additional element: the so-called dataware. This element
consists of three categories:

1) primary data: the results of observations and registration (manually or by sensors), which
can be presented in a form directly accessible to humans (for example, records, drawings,
diagrams);

2) information models: idealized objects that describe real objects and situations, processes and
cause-effect relationships in a mostly qualitative way (filtered and generalized data, for
example, verbal/verbal-numeric tables or matrices, flowcharts and similar items) — they are
understandable to humans and accessible for computer processing;

3) mathematical models: ideal objects describing the properties of objects and phenomena of
the real world in the form of mathematical equations that allow us to quantitatively predict
their development based on data on the current state.
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All these categories are interrelated, and a higher level of formalization is based on the use
of lower-level items.

The key principle underlying the method of dataware-aided life cycle management is the
use of mathematical models covering all stages of the lifecycle of the NPP components important
for safety. Initially, such models are created at the design stage (for the component state ‘as



designed’). After the components are manufactured and installed, the models are corrected
(identified) based on the test results (for the state ‘as built’). Their properties obtained by
parametric identification take into account initial imperfections. Then the models are periodically
identified in accordance with monitoring data during operation in order to account for the evolution
of initial imperfections, the nucleation and development of operational defects, as well as other
effects of aging (for the current state). The identified models are used in analyses aimed at
assessing the exhausted life, evaluating the integrity, structural health and performance of
components, and predicting their residual life. Based on the results of these analyses, PLIiM
measures are planned and implemented.
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