In-service monitoring and diagnostics of equipment and pipelines
of nuclear installations

In 2017, NIKIET started developing a draft standard for in-service monitoring the condition
of equipment and pipelines of a designed nuclear power installation with lead coolant. The
experimental nature of this installation and the lack of accurate knowledge about the features of
its operation (which could not be obtained a priori or from available statistics) necessitate
monitoring not only the condition, but also the operational loads and the reaction of the structure
to them, as well as assessing the integrity of the structure in real time. The standard provided for
the creation of a complex system that would combine functions usually performed by several
different systems:

e condition monitoring;

e structural load and static/dynamic response monitoring;

e structural health monitoring, including defect diagnostics.

Such differentiated systems have long been used in the operation of power facilities, air
and space vehicles and sophisticated infrastructure objects, for example, high buildings or
bridges. In Russia, the construction and operation of the systems intended for monitoring or
diagnostics are regulated by standards GOST 30848-2003 (which reproduces provisions of 1SO
13380: 2002), GOST R 53564-2009, GOST 31937-2011, GOST R 57281-2016 and other similar
documents. | took part in the development of new standard at NIKIET, based on my experiences
in solving some problems in this area and the results of the analysis of promising concepts that
are described in the publications:
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The novelty of the standard developed at NIKIET consisted in the multifunctional
nature of the monitoring and diagnostics system, its applicability to the reactor with
unconventional structure and operating conditions (basin-type configuration, high
temperatures, interaction of structural parts with liquid lead coolant), the possibilities of using
new monitoring and diagnostic technologies.
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The material used in the draft standard includes the following sections and subsections:
1 Application area
2 Terms, definitions and abbreviations
3 Concept of monitoring



3.1 Monitoring purposes
3.2 The main components and results of monitoring
3.3 Coupling between monitoring and diagnostics
3.4 Objects to be monitored
3.5 Monitoring stages and tasks to be solved
3.6 Parameters under control, diagnostic signs, diagnostic models
3.7 Framework of the monitoring system and its constituent parts
3.8 Documentation
3.9 Information models
3.10 Personnel
4 Requirements for the preparatory stage of monitoring
4.1 Provision of monitoring during the design of a nuclear installation
4.2 Construction of the monitoring system
4.3 Preparing documentation for monitoring
4.4 Building of diagnostic and information models
4.5 Training of personnel for monitoring
5 Requirements for pre-operational monitoring
5.1 Monitoring during the manufacture and supply of components and assembling a nuclear
installation
5.2 Monitoring during commissioning works
5.3 Requirements for information models during pre-operational monitoring
6 Requirements for monitoring during operation
6.1 General requirements
6.2 Visual inspection of equipment and pipelines
6.3 Television monitoring of the reactor vessel internals above the coolant level
6.4 Non-destructive examination of metal of equipment and pipelines
6.5 Control of metal of the reactor vessel internals using witness samples
6.6 Monitoring of operational factors and loads
6.7 Pressure tests
6.8 Other types of monitoring and diagnostics
6.9 Requirements for information models during operational monitoring
Appendix A (non-mandatory) — Diagnostic models
A.1 Types of diagnostic models
A.2 Formation of diagnostic models
A.3 Application of diagnostic models
Appendix B (non-mandatory) — Information models
B.1 The concept of information model
B.2 Information models of objects
B.3 Information models of processes
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