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ABSTRACT

The aim of this article is to explore the integration and interfaces of the Structure, System, and Component —
SSC, focussed processes such as Equipment Reliability-ER, Major Component Life Cycle Management Plan-
LCMP, with Asset, and Configuration Management from both regulation and standards perspective, in relation
to field practices. Additionally, it examines the impact of business processes that affects the ageing and asset
management practices in a Nuclear Power Plant-NPP.

The corner stone of an effective asset management is a LCMP for major generating assets, combined with
condition monitoring, health reporting, safety, and reliability projection of SSCs in an NPP. Furthermore,
major contributors to an asset-based strategic plans include financing and business practices to support data
collection, SSC health monitoring through online or ER methods, margin management, risk profile, and
prioritization of financing of long-term actions to support Long Term Operation — LTO.

It is crucial to establish a clear and concise interface and integration between these SSC oriented and asset —
focused practices to enable and gain a common understanding of data collection, analysis, and modelling. This
approach supports a more concise and reliability-focussed decision making. Data from these management
processes have unique characteristics, captured through different media, software, and hard copy format. These
sources have varying quantity and accuracy owing to the nature of the program they serve. Strategic long-term
products, such as asset profiles rely heavily on high-quality and consistent data to support risk assessment and
financial projection, like Net Present Value-NPV calculation, to construct a better risk-based decision-making.

Analysing the interface and integration of these process offers a comprehensive approach to reliability and
reduces the redundant actions resulting when each process is conducted independently, and in isolation.
Furthermore, using the same analytics for the risk aspects assessment across all processes results in a coherent
risk profile. Considering the financial penalties associated with making a sub-optimal decision regarding
expensive generation assets. Maintaining a consistent and continuous approach across all processes ensures
robust asset management for the LTO of NPPs.

While standard-setting and regulatory bodies dictate, monitor, and control operating parameters, it is the
business culture of the corporation that owns the NPP that ultimately shapes the practices, precision, and
resultant actions. Therefore, understanding the interaction of the following processes within the Asset
Management framework is crucial for establishing a coherent culture: Configuration Management, Margin
Management, Plant Status Control, and Plant Health Monitoring routines.
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INTRODUCTION

To maintain safety and reliability, Nuclear Power Plants — NPPs, have and follow number of
management programs. Each one of these processes bring their own unique strength for managing
certain aspects of the safety, equipment health, operating risk, and reliability, while protecting the nuclear
core and the members of public. All these management processes compete for resources, funding, and
follow specific path and collect similar data with varying aspects, that at time are the same with differing
purpose and goal, for instance risk aspects for a safety review versus the risk aspects for reliability.

Asset Management is an all-encompassing process that can use the intelligence of these processes and
provides a risk informed decision point in support of nuclear executive in making a multi — million dollars
choice.

The IAEA, and the regulators alongside the Canadiana Standard Association — CSA, provides several key
requirements to achieve the Ageing, Configuration, Margin and Safety Management in NPPs. By utilizing
a proactive approach, aligning these requirements and focusing them on sustainability, financial
optimization, and risk mitigation, as well as integrating them, the asset management view converts into a
comprehensive process that is supported with unified data for risk, safety, while managing ageing and it is
centered on equipment health for Long-Term Operation — LTO.

DISCUSSION ON INTEGRATION AND INTERFACING PROGRAMS

SSG 48/, that guides the NPPs on development of the ageing strategies of nuclear Systems, Structures and
Components — SSCs as related to Long-Term Operation - LTO. This standard emphasizes and promotes a
proactive and integrated approach to address reliability, margin and configuration management as a part
of the ageing management framework, which in turn is a developmental foundation for a databased, risk
aware, and integrated asset management process.

Various sections of the SSG 48 from design phase through construction, commissioning, operation, to
finally decommissioning - specifically call for continuous review and planning for maintenance of SSCs
in such a way to control the ageing factors by predicting the condition of the SSC through monitoring and
mitigating the degradation mechanism through chemistry / process control and compensate for the ageing
impact by modifying the operating mode to achieve sustaining safety and reliability. The monitoring
process provides a valuable data source on the SSC condition that allows the predictive analytics to create
a risk informed LTO strategy for Nuclear Power Plant — NPPs life cycle. Based on the known operating
history and maintenance reported condition the utility can plan for repair, overhaul/refurbish and eventual
replace parts or the whole of SSC to reduce unplanned outages, enhance safety margins, and optimize
lifecycle costs.

Another major pillar of the Guideline SSG 48 is prediction of obsolescence including steps for
management of obsolete equipment, which is another major aspect of strategic asset planning.

The comprehensive strategic approach of SSG 48 is foundational and covers major steps of Asset
Management. Basically, it investigates the possibility of reliable life extension of the component in the

I TAEA SSG — 48 Ageing Management and Development of a Programme for Long Term Operation of Nuclear Power Plants |
IAEA
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manner where it provides flexibility for asset replacement time frame by modifying maintenance cycles
and maximizing the assets useful life. For example, by examining operation and maintenance history of a
class of valves, it concludes that by more frequent overhaul, the replacement window can be extended by
better than 10 years with a known risk picture.

Furthermore, the SSG 48 has a more international flavour since most regulatory agencies in various
capacities have participated in developing and adhering to IAEA guidelines.

From 2001-2008, North American utilities implemented another process, INPO Advance Program — AP
913 Equipment Reliability Process — ER in order to move the maintenance from reactive to preventive
and condition based?. The program has five major components, a Scoping and Criticality Classification —
CC of Components where utilities decide the SSCs criticality ranking based on safety and operational
critical to conventional safety and cost. Safety and operation, being the leading criticality criteria,

emphasizes the single point vulnerability thus receiving a higher level of importance. The next step is
development of Preventive Maintenance — PM strategy, where criticality classification determines the

level and rigor of the maintenance from immediate to Run to Maintenance / Failure. The PM strategy
usually stops at overhaul. In the next step Performance Monitoring tracks, the health of the SSC, where
the focus of the whole Equipment Reliability — ER program is to inform and derive decisions from the
System Health Reporting Committee. The Corrective Action step is reactive in nature, where it

implements solutions to address the equipment issues identified through the monitoring step. Continuing
ER Improvement assesses the priority of maintenance based on risk and for known issues create new PM

tasks. For the first time in the process, degradation mechanisms are considered. The concluding step in
ER process is Long-Term Plan and Life Cycle Management. This step is established to collect all the
actions from the previous steps, and for the first time compiled in proactive ageing and obsolescence
strategies.

The main focus of the ER is the proactive maintenance strategy based on criticality. From that point
onward the process is reacting to how effective PM is, and the SSC behaviour based on the mode of
operation. Chemistry and process control is an inherent part of the process and the place for the program
is at the SSC health level. The summation of the maintenance history comes together under the long-term
plans, where presumably PM has controlled the degradation mechanisms, and the long-term plan
mitigates these mechanisms with replacement. Hence, asset management pivots on PM strategy and SSC
feedback.

When all six stages of the ER program are examined, from proactive states of CC assignment to strategies
for PM then the process goes into reactive mode of corrective action and operation. At the fifth and last
stage of ER process - there is another reactive step of collecting the SSC maintenance history into a long-
term replacement consideration which ties it to Business Planning. The business planning window at
most utilities is 3-10 years, which is far narrower than that needed for a healthy asset management
window spanning from immediate to End of Life - EoL of SSC, nuclear unit or the plant. Hence the
window of establishing a strong asset strategy is narrow, at the beginning of the ER process and the nature
of most steps are reactive.

2 Adam, Dennis, INPO AP-913, First Energy Nuclear Operating Company.
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As is understood, Margin management® generically involves assessing safety margins and uncertainties in

reactor operations. Using advanced thermal-hydraulic modeling and probabilistic risk assessments, a
utility can make informed decisions that would balance safety, performance, and financial viability* as
safety significant SSC age. This methodology supports power uprates, fuel optimization, regulatory
compliance and Balance of Plant SSCs that usually do not enter this analysis. As evident there is a direct
relation between ER and margin management for safety critical SSCs. The value of the margin
management is in establishing and adjusting the asset strategy for Safety Significant SSCs. Other assets,
including the generation assets® require their own significance ranking based on other risk categories than
nuclear safety for developing LTO asset strategies. The most significant impact of margin management is
the financial impact as related to fund allocation of the asset strategy. Furthermore, safety — significant
SSCs receive more attention in data collection, risk assessment, and management processes focused on
safety with secondary significance on generation asset and return on investment from all assets.

Configuration management®ensures that plant modifications, documentation, and operational changes that
affect the SSCs align with design requirements, which highlights the importance of maintaining accurate
records to prevent configuration errors, which can lead to safety risks and financial losses. A well-
structured configuration management system enhances regulatory compliance and supports data-driven
process of asset management. The value of configuration management in the development of asset
strategy is the accuracy of the information used to develop strategies that reflect all modifications, parts
replacement history or any operation and design changes that impact the SSCs.

INTEGRATION WITH RISK, FINANCE, AND DATA ANALYTICS

The convergence of the ER, Margin and Configuration management principles enables a data-driven asset
management strategy for Safety Significant and Critical SSCs in NPP s. As such the Predictive Analytics
and Probabilistic Modeling enhance safety and reliability for risk mitigation; data collection from
monitoring improves decision-making and operational efficiency, Financial Optimization most times does
not enter the assessments, since nuclear safety is fundamental and regulatory driven. As is evident, all
other assets with a secondary importance and / or insignificance receive far less emphasis, and their risk
enters the asset management process only once they fail. This approach causes an imbalanced approach
to effective asset management of all NPP SSCs.

3 IAEA-TECDOC-1332, Safety margins of operating reactors Analysis of uncertainties and implications for decision making

4 Hess, Stephen M, Risk Informed Safety Margin Characterization for Effective Long Term Nuclear Power Plant Safety
Management http:/www-pub.iaea.org/iacameetings/41982/3rd-International-Conference-on-NPP-Life-Management-PLIM-for-
Long-Term-Operations-LTO.

3 All the balance of plant equipment that are not related to function of reactor. Secondary side equipment such as major SSCs
Steam Generators, Transformers, and all the steam side pumps, valves, heat exchangers, major structures like containment,
turbine pedestal and plant housing

¢ The IAEA TECDOC-1335, Configuration Management in nuclear power plants.
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Integrated Ageing, Equipment Reliability, Periodic Safety Review, Margin and
Configuration Management Aspects for Creating an Asset Management Model,

Aligned with IAEA, CSA Standard, RegDocS, NEI AP-913, and ISO 55000. Rev 5.0
June 20", 2025

ACT Corporate Strategy, PLAN
Direction,
Core Process, Regulatory Requirements.
Configuration Management Leee AT 0 Y e ®
and Plant Status Commls‘ N ./ — Criticality Key Resylfs Area
Classification of SSCs ) Stafion Licegsing -
. ¢ .'(g')'d %, [ Periodic SafetyReview

PM, PdM Strategy

| Reactor Safety, Margin Health,
System Performance e

Security cAgeing

. / Monitoring Plans RegDoc 2.3.3 .
S/ i) $8G-25 .
S A . CSA 290.18 b
J / Inspection, PIP, PM, Equipment High Critical SSCs .
3 / CM, Obsoleteand ~ €————— ¢ Mamtenancel SSCRiX Profile Ageing Management \ .
4 / > : isK Profile \
¢ Critical Spare trategy Manuals i e Reg Doc 2.6.3, \ :
D [ §105°) ; TAEA SSG — 48 | .
v e, ICSA 286 @ N ’ | .
y | . e Obsolete SSC Condition SA N290.20 | 3
: Equipment Reliability l L P e— ¢ ‘ g
K | INPO AP-913 | And ‘ v | ;
N Component “\ AR Obsolescence (a) | .

System Health Health Report| Lok . /
ong Range and, /

Report \ ok A
4 \ P \ —= Life Cycle Plan i Business Planning
. - Risk . [
.\ _ Cycles | s
. \ o

A S\ Outage, Project Portfolio, Obsolete,
6\& FLR Mgt Strategic, Critical Spares, to
Plant Health S ), N Station Decommissioning
Process ; § '
/ & e,
N

o Core Compliance and
Financial Process,
Asset Management

DO \ Asset. Management / CHECK and Regulatory Framework
\ Generation / Outage Plan /
Finance and l’rogramming/
()"Crsigh[ P Prepared by: Pardis. E. Khavari
S /

~ _—

Figure 2. Integrated Ageing, Equipment Reliability, Periodic Safety Review, Margin and Configuration
Management Aspects for Creating an Asset Management Model.

Alternative Approach to Asset Management and Related Data Analytics

Without a doubt all the above management processes are essential to control various aspect of the
operation of NPP. The junction, interaction, and the requirement of these processes impacts the
regulatory specification of the operating license of NPPs and in a varying degree, is influenced by
government priorities, and greatly effected by economics.

The financial structure of the NPP is pivotal on the asset management structure and the process of
financing the SSCs for reliability. The refurbish to replacement strategy differs greatly for the SSC in a
state owned / debt financed plant, versus privately owned / capital financed NPP. Proportional
comparison shows that in the state — owned / debt financed operating structure, the emphasizes is on a set,
somewhat predicted base cost / maintenance of the SSC and limiting cost of replacement. The capital-
based ownership favours replacement so to create possibility of writing the cost off against the profit, to
protect the shar holders from tax. In the case of refurbishment of the nuclear units, based on Net Present
Calculation — NPV, the state-owned plants are more likely to get funding for refurbishment versus a
construction of a green field plant; while the capital-based ownership based on cost to profit ratio might
decommission an NPP rather than refurbish owing to financial requirement of short — term Return on
Investment - ROL.
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Creating a process to develop a High — Risk SSC ranking method, complements Criticality Classification
of ER. It accounts for SSCs that are maintenance intensive, or obsolete, have caused more operational
burden, or caused significant reliability issue. This process will account for all NPP SSCs and brings the
whole asset risk to the forefront for funding and reliability mitigation, while balancing expenditure on all
assets and limits overspending on the safety significant SSCs.

Independent and isolated ageing, ER, margin and configuration management processes results in
collecting inconsistent data quality, and quality that potentially have an alignment issue with that needed
for predictive data analytics of asset management. This data also heavily favours the safety significant
SSCs while generation, distribution, and other supporting SSCs have limited to no available data to
conduct the predictive analytics needed to create the foundation for asset management and proper
funding. The failure analysis coupled with forced losses due to non safety significant SSC will support
this assertion.

A proactive long-term view is essential for effective asset, and ageing management and is pivotal for
long-term reliability. Both these processes greatly support the ER, margin and configuration management
for reliability, data for predictive safety analytics and better margin management.

Operation decision making during the day-to-day operation are unaware of inadvertent impact of their
decision, especially on non — nuclear SSCs. It takes a continuous assessment of the SSCs conditions and
on — going degradation monitoring, to prepare the utility for procuring the long lead, and unique major
assets like steam generators, transformers, condensers, major valves, pump motors, and structures.

Regulating bodies, by requiring alignment of all these processes through the licensing process, would
gain a great deal of ground on three major aspects: setting expectation for a proactive strategic view to
support LTO reliability, known and quantified risk picture, as well as a balanced consideration for all
assets. Hence, this requires that regulators recognize the asset management uniqueness as it interacts with
ER, MM, CM and Ageing in setting licensing conditions.

PROCESS ESSENTIALS

Some of the specifics of the most relevant approaches include:

e Lifecycle Asset Management — LCM that ensures high-risk assets are managed throughout the
life of NPP optimizing performance and cost-effectiveness throughout their lifespan with a known
risk picture.

¢ Risk-Based Approach methodologies that uses the PSA, PSR, promotes the risk-informed
decision-making, for investment prioritization whereas general asset management frameworks
such as applying ISO 55000 focus more on financial optimization. As such NPPs have the added
advantage of all other four processes and operational efficiency.

e Probabilistic Safety Assessment — PSA to evaluate risks associated with ageing infrastructure and
helps operators to make informed decisions about the need for maintenance upgrades.

¢ Financial Assessment and Cost-Benefit Analysis optimizes the cost of replacement, as it evaluates
the reliability and risk picture as it considers the financial models to optimize maintenance
expenditures. This is a valuable tool in most cases since it challenges the choices based on single
factors such as engineering judgement.
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e Ageing Management and Life Extension use valuable life cycle consideration for proactive

approach to control and limit degradation mechanisms through chemistry control and change to
operational factors as well as obsolescence replacement strategy. Continuous condition
assessment of the balance of plant SSC combined with risk informed financial assessment plays a
pivotal role for asset valuation that is essential to support refurbishment and long-term operation.

e Data-Driven Decision Making that incorporate advanced analytics and predictive maintenance, to
modern asset management frameworks. Creating commonality and integrating the data aspects
from each process, and bringing in the balance of plant data is essential for a strong asset
management process with a stronger emphasis on nuclear-specific risk mitigation

These methodologies help NPPs maintain operational efficiency, regulatory compliance, and financial
sustainability.
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Figure 2. Supporting Aspects of other Management Processes for Asset Management

NOMANCLATURE

Canadian Standard Association CSA
Configuration Management CM
Criticality Classification CcC
Equipment Reliability ER
Identify 1D
Lifecycle Asset Management LCM
Long-Term Operation LTO
Margin Management MM
Net Present Calculation NPV
Nuclear Power Plant NPP
Probabilistic Safety Assessment PSA
Periodic Safety Review PSR
Preventive Maintenance PM
Safety and Security Guide SSG

Structures, System, and Components SSCs
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CONCLUSION

Each one of these processes bring their own unique strength for establishing an SSC centred asset
management. All the processes in their own domain are relevant and needed. At present configuration
these processes are unable to support nuclear executive in making a multi — million dollars decisions with
confident in a risk informed manor.

The IAEA provides several key methodologies for asset management in NPPs, focusing on sustainability,
financial optimization, and risk mitigation, that work rather independently. Most of the processes such as
ER are older in nature, scope and approach. Recently ER process has been some steps added to capture
major areas like risk, mitigating outstanding issues, addressing the margin issues, and even started to
touch reactive obsolescence.

The technology, material, data analytics need, and industry is changing rapidly. Management processes,
regulatory requirements, and financial positions needs to adapt to the change of pace.

By integrating equipment reliability, ageing, margin, and configuration management, NPPs can achieve
sustainable asset management. This all encompassing and integrated approach enhances safety, optimizes
financial performance, and leverages data analytics to ensure a predictable long-term operational
reliability.



