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Abstract. Cernavodă Nuclear Power Plant Unit 1 is a CANDU 6 nuclear unit that has been in commercial 

operation since 1996. The plant lifetime is primarily limited by key reactor components, including fuel 

channels, calandria tubes, and feeder assemblies. Under current operating conditions, the technical end of 

life for these components will be reached in 2027. The Unit 1 Refurbishment Project aims to extend the 

operational life of the unit by an additional 30 years through a comprehensive retubing and refurbishment 

program. This paper presents the scope, technical solutions, and modernization strategy implemented within 

the refurbishment project, highlighting improvements in nuclear safety, reliability, and long-term 

performance in compliance with regulatory and international industry standards.  

1 Introduction 

Cernavodă Nuclear Power Plant (NPP) Unit 1 is a 706 

MWe Pressurized Heavy Water Reactor (PHWR) of the 

CANDU 6 type, which entered commercial operation in 

December 1996. Since commissioning, Unit 1 has 

played a strategic role in Romania’s electricity 

generation mix, providing stable baseload power with 

high-capacity factors and contributing significantly to 

national energy security and decarbonization objectives. 

The unit is currently operating under a valid license 

extending until 2061; however, as with all CANDU 

reactors, the actual operational lifetime is governed by 

the condition and performance of specific life-limiting 

reactor components. 

For CANDU reactors, the dominant life-limiting 

components are the fuel channels, including pressure 

tubes and calandria tubes, as well as the feeder 

assemblies. These components are subject to time-

dependent degradation mechanisms such as irradiation-

induced dimensional changes, hydrogen ingress, 

corrosion, and flow accelerated corrosion, which 

collectively define the technical end of life of the reactor 

core. Periodic inspection, surveillance programs, and 

predictive assessments are therefore essential to ensure 

continued safe operation. 

For Cernavodă Unit 1, the cumulative operating 

limit for these critical components has been assessed at 

approximately 245,000 effective full power hours 

(EFPH). Based on current operating conditions and 

historical performance, this limit is projected to be 

reached in the fourth quarter of 2027. Beyond this point, 

continued operation without major component 

replacement would no longer meet safety and design 

margins established by the original design basis and 

current regulatory expectations. 
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In response to this constraint, the Unit 1 

Refurbishment Project has been initiated to enable long 

term operation (LTO) through a comprehensive life 

extension program. The primary objective of the project 

is to extend the operational lifetime of Unit 1 by an 

additional 30 years, while ensuring full compliance with 

national regulatory requirements and alignment with 

modern international nuclear safety standards. The 

refurbishment program is designed not only to restore 

the reactor core and associated systems to as-new 

condition, but also to incorporate safety improvements 

and technological upgrades that reflect advancements 

achieved since the original plant design. 

The refurbishment strategy encompasses the 

complete retubing of the reactor, extensive 

modernization of systems, structures, and components 

identified through condition assessment and design 

review, as well as the development of dedicated 

infrastructure to support execution of refurbishment 

activities. Particular emphasis is placed on enhancing 

defence-in-depth, improving equipment reliability, 

strengthening severe accident mitigation capabilities, 

and addressing obsolescence in electrical, control, and 

instrumentation systems. 

This paper presents an overview of the Cernavodă 

Unit 1 Refurbishment Project, focusing on the technical 

drivers for refurbishment, the scope of major works, and 

the role of modernization in supporting safe and reliable 

long-term operation. The experience gained through this 

project provides valuable insights for other CANDU 

operators and nuclear utilities planning life extension 

programs for aging nuclear power plants. 

2 Project scope and objectives 

The Cernavodă Nuclear Power Plant Unit 1 

Refurbishment Project has been developed as a 
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comprehensive life extension initiative aimed at 

enabling safe, reliable, and economically viable long 

term operation (LTO) of the unit for an additional 30-

year operating cycle. The project scope and objectives 

are defined in alignment with national regulatory 

requirements and internationally recognized best 

practices for nuclear power plant life extension and 

refurbishment programs [1]– [3]. 

2.1 Project objectives 

The primary objective of the Unit 1 Refurbishment 

Project is to restore and enhance the capability of the 

plant to operate safely beyond the originally envisaged 

service life of life-limiting components. This objective 

is supported by several specific goals: 

• Replacement of reactor core components whose 
condition limits continued operation, thereby 
restoring design margins and structural integrity 
for a new operating cycle 

• Mitigation of aging and obsolescence effects on 
systems, structures, and components (SSCs) 
critical to safety and production 

• Improvement of long-term reliability and 
availability to support sustained high-capacity-
factor operation 

• Integration of modern digital technologies to 
improve operational performance, diagnostics, 
and human-machine interaction 

The refurbishment program is designed to ensure 

that Unit 1 continues to meet all applicable safety 

objectives, including defense-in-depth, redundancy, 

diversity, and fail-safe principles, throughout the 

extended operating period [1]. 

2.2 Scope of refurbishment activities 

The project scope is structured around three major 

pillars: reactor retubing, refurbishment and 

modernization of plant SSCs, and development of 

dedicated infrastructure required for execution of 

refurbishment activities. 

1) Reactor Retubing 

Retubing constitutes the core activity of the 

refurbishment project and represents the critical path for 

schedule execution. It involves the complete 

replacement of fuel channels, calandria tubes, and 

feeder assemblies, which are the principal life-limiting 

components in CANDU reactors [4]. 

This activity restores the reactor core to a condition 

equivalent to a new plant, effectively resetting the aging 

clock associated with irradiation, corrosion, and 

material degradation mechanisms. Material 

specifications for the replacement components have 

been upgraded relative to the original design, 

incorporating improvements in corrosion resistance, 

fracture toughness, and hydrogen management, thereby 

supporting enhanced long-term performance [5]. 

2) Refurbishment and Modernization of Systems 

and Equipment 
In addition to retubing, the project includes extensive 

refurbishment and modernization of systems, structures, 
and components identified through comprehensive 

condition assessments and design reviews. These 
activities target SSCs that: 

• Are essential for nuclear safety or safe shutdown; 

• Require prolonged outages and reactor defueling for 
replacement or modification; 

Are subject to aging degradation or technological 

obsolescence. 

Modernization measures focus on improving safety 

margins, enhancing accident mitigation capabilities, and 

increasing system robustness under postulated design 

basis and beyond design basis events. Particular 

attention is given to emergency power supply systems, 

shutdown systems, cooling systems, containment 

functions, and fire protection systems, consistent with 

international LTO guidance [2], [3]. 

3) Supporting Infrastructure Development 

The refurbishment project also includes the 

construction and upgrade of dedicated infrastructure 

required to safely and efficiently execute refurbishment 

activities. This encompasses facilities for radioactive 

waste handling and storage, maintenance and 

decontamination, mock-up training, clean room 

operations, component storage, and upgraded access 

control systems. 

These facilities are essential for maintaining nuclear 

safety, radiological protection, and quality assurance 

throughout the refurbishment outage and contribute to 

schedule certainty and risk reduction. 

2.3 Regulatory and international alignment 

The Unit 1 Refurbishment Project is implemented in 

compliance with the requirements of the Romanian 

nuclear regulatory authority and is aligned with 

International Atomic Energy Agency (IAEA) guidance 

for long term operation of nuclear power plants. The 

project framework reflects lessons learned from 

completed CANDU refurbishment projects worldwide 

and incorporates proven practices for risk management, 

quality assurance, and configuration control [3], [4]. 

3  Retubing program 

3.1 Key reactor components replacement 

Retubing represents the central and most schedule-

critical activity of the Cernavodă Unit 1 Refurbishment 

Project. For CANDU reactors, retubing is the primary 

life-extension measure, as it addresses the replacement 

of reactor core components that are subject to 

irradiation-driven aging and are not practically 

replaceable during normal operation [1], [7]. 
The retubing scope for Unit 1 includes the complete 

replacement of all major reactor core pressure boundary 
and moderator boundary components, specifically: 

• Replacement of 380 fuel channels; 

• Replacement of calandria tubes and associated 
inserts; 

• Replacement of 760 feeder pipes and supporting 

hardware 

Each fuel channel assembly consists of multiple 

critical subcomponents that are replaced as part of the 
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retubing process, including pressure tubes, end fitting 

assemblies, closure and shield plugs, annulus spacers, 

positioning assemblies, and feeder connection 

hardware. These components collectively form the 

primary pressure boundary for the reactor core and are 

therefore essential to maintaining reactor safety 

functions related to heat removal, reactivity control, and 

containment of radioactive material. 

The need for retubing arises from well-characterized 

degradation mechanisms inherent to CANDU reactor 

operation, including neutron irradiation–induced 

dimensional changes, deuterium ingress and hydride 

formation in pressure tubes, material embrittlement, and 

corrosion effects [8]. Over time, these mechanisms 

progressively reduce design margins and limit the 

ability of the fuel channels and feeders to meet safety 

acceptance criteria. 

Due to the complexity of the work, retubing is 

performed during a prolonged outage with the reactor 

fully defueled and requires specialized tooling, mock-up 

training, and strict quality assurance controls. The 

activity lies on the critical path of the refurbishment 

project schedule and drives integration with other 

refurbishment and modernization works. 

3.2 Material improvements 

In addition to component replacement, the Unit 1 

Retubing Program incorporates significant material 

improvements relative to the original plant design. 

These improvements are based on operational 

experience, research and development programs, and 

lessons learned from previous CANDU refurbishment 

projects worldwide [9], [10]. 
For the fuel channels, revised pressure tube material 

specifications have been adopted to minimize hydrogen 
and chlorine content and to enhance key mechanical and 
metallurgical properties. These improvements are aimed 
at: 

• Reducing susceptibility to hydrogen ingress and 

hydride formation 

• Improving fracture toughness under irradiation 

and thermal aging conditions 

• Enhancing corrosion resistance and dimensional 

stability 

These material enhancements directly support 

improved resistance to delayed hydride cracking and 

other degradation mechanisms that have historically 

governed pressure tube life limits in CANDU reactors 

[8]. 

For the feeder assemblies, material upgrades include 

increased chromium content and increased wall 

thickness of the feeder pipes. These changes are 

specifically intended to mitigate flow accelerated 

corrosion (FAC), which is a dominant degradation 

mechanism in carbon steel piping exposed to high-

temperature, high-velocity coolant flow [11]. Increasing 

chromium content improves oxide layer stability, while 

increased wall thickness provides greater corrosion 

allowance over the extended operating period. 

Collectively, these material improvements significantly 

enhance the long-term structural integrity, reliability, 

and inspectability of reactor core components.  

4 Refurbishment and modernization 
works 

In addition to reactor retubing, the Cernavodă Unit 1 

Refurbishment Project includes an extensive program of 

refurbishment and modernization of plant structures, 

systems, and components (SSCs). The objective is to 

ensure that all SSCs important to safety and production 

remain capable of fulfilling their intended functions 

throughout the extended operating period, in accordance 

with regulatory requirements and international best 

practices [1]–[3]. Particular emphasis is placed on 

systems supporting core cooling, containment integrity, 

electrical power supply, and reactor shutdown functions, 

consistent with defense-in-depth principles. 

4.1 Process systems and major equipment 

Refurbishment of process systems and major equipment 

aims to enhance nuclear safety margins, improve 

accident mitigation capability, and increase long-term 

reliability. Key upgrades include the installation of 

environmentally qualified local air coolers, designed to 

ensure adequate heat removal capability under accident 

conditions, including loss of coolant accidents. 

Enhanced availability is achieved through design 

modifications that allow continued operation under 

degraded power supply conditions. 

An independent auxiliary feedwater pump powered 

by Class III electrical power is added to strengthen 

decay heat removal capability during postulated 

transients and accidents involving loss of normal 

feedwater. This modification improves system diversity 

and reduces common cause failure vulnerabilities. 

Thermal performance improvements are 

implemented through increased heat transfer capacity at 

the interface between the recirculated service water and 

recirculated cooling water systems, thereby enhancing 

heat sink robustness under both normal and accident 

conditions. Additional upgrades include enhancement of 

the steam generator blowdown system, increasing 

blowdown capacity to improve chemistry control and 

long-term steam generator integrity. 

To address aging and degradation mechanisms, 

carbon steel steam generator primary-side separators are 

replaced with materials resistant to flow accelerated 

corrosion (FAC). Major balance-of-plant components 

such as the main condenser and moisture separator 

reheaters are also refurbished to restore thermal 

efficiency, reduce forced outages, and support sustained 

high-capacity-factor operation during the extended life 

of the unit. 

4.2 Turbine and generator systems 

Modernization of the turbine island focuses on restoring 

design margins, improving efficiency, and mitigating 

obsolescence. Key activities include a low-pressure 

turbine retrofit and refurbishment of high-pressure 
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turbine internals, addressing erosion, and material aging 

accumulated over decades of operation. 

Turbine and generator auxiliary systems are also 

replaced or refurbished, including stator cooling water 

systems, seal oil systems, and governor oil systems. 

These upgrades improve operational reliability, reduce 

maintenance burden, and enhance protection against 

equipment failures that could lead to reactor or turbine 

trips. 

Collectively, turbine and generator modernization 

contributes to improved unit availability and efficiency 

while maintaining alignment with nuclear safety 

requirements related to turbine-reactor interface 

systems. 

4.3 Electrical systems modernization 

Electrical system refurbishment is a cornerstone of the 

modernization program, as electrical power availability 

is fundamental to nuclear safety. The project includes 

replacement of emergency power supply diesel 

generators and associated electrical distribution 

systems, ensuring compliance with current safety 

classification, redundancy, and qualification 

requirements. 

Class III standby diesel generators and their 

auxiliary systems are also replaced to enhance reliability 

during station blackout and degraded grid conditions. 

Further upgrades include modernization of medium-

voltage and low-voltage distribution systems, 

replacement of motor control centers, and installation of 

new uninterruptible power supply (UPS) equipment. 

4.4 Control and instrumentation systems 

A comprehensive digital transformation is implemented 

as part of the refurbishment project to replace legacy 

analog and early-generation digital systems. 

Shutdown systems are modernized through 

replacement of programmable digital controllers, 

enhancing reliability, self-diagnostic capability, and 

testability. The turbine protection, control, and 

monitoring systems are upgraded in parallel, including 

improvements to generator excitation and protection 

functions. 

Advanced digital solutions such as plant 

performance monitoring tools and digital twin 

capabilities are introduced to support predictive 

maintenance, performance optimization, and long-term 

asset management. 

Cyber security and human factors engineering are 

addressed through an integrated, plant-level approach, 

ensuring that new digital systems comply with 

regulatory requirements and international guidance on 

computer security, human-machine interface design, 

and operator workload management [6], [12]. 

5 Supporting infrastructure 
development 

The successful execution of a nuclear refurbishment 

project of the scale and complexity of the Cernavodă 

Unit 1 Refurbishment requires the development of 

dedicated supporting infrastructure specifically 

designed to meet nuclear safety, radiological protection, 

quality assurance, and logistical requirements. As 

refurbishment activities involve prolonged outages, 

large-scale component replacement, and increased 

volumes of radioactive material handling, existing plant 

facilities are generally insufficient to support these 

activities without significant enhancement [1], [2]. 

5.1 Radioactive waste management facilities 

Dedicated intermediate radioactive waste storage 

facilities are developed to manage the increased 

volumes of radioactive waste generated during retubing 

and refurbishment activities. These facilities are 

designed to accommodate activated reactor components, 

contaminated materials, and operational waste streams 

in compliance with regulatory requirements for 

radiation protection, containment, and environmental 

safety. 

The infrastructure supports waste segregation, 

characterization, shielding, and traceability, thereby 

ensuring compliance with the principles of 

minimization, confinement, and controlled release. 

Adequate interim storage capacity is a key enabler for 

maintaining refurbishment schedule certainty and 

avoiding bottlenecks in waste handling operations [3]. 

5.2 Maintenance and decontamination facilities 

New maintenance and decontamination buildings are 

established to support refurbishment activities requiring 

handling, inspection, repair, and decontamination of 

large reactor components and tooling. These facilities 

are equipped with specialized systems for radiological 

monitoring, contamination control, ventilation, and 

waste processing. 

The availability of purpose-built decontamination 

facilities reduces occupational radiation exposure, 

improves work efficiency, and supports adherence to the 

ALARA principle. It also enables reuse or 

refurbishment of equipment where appropriate, 

contributing to cost efficiency and waste minimization. 

5.3 Mock-up and clean room facilities 

Dedicated mock-up facilities are constructed to support 

training, procedure validation, and tooling qualification 

prior to execution of critical refurbishment activities. 

These facilities allow personnel to rehearse complex 

operations, verify work sequences, and identify 

potential risks under realistic conditions, thereby 

reducing execution uncertainty during the actual outage. 

Clean room facilities are established to support 

assembly, inspection, and storage of sensitive reactor 

components and tooling under controlled environmental 

conditions. These facilities are particularly important for 

ensuring component cleanliness, preventing foreign 

material exclusion issues, and maintaining quality 

assurance requirements for safety-related equipment. 
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5.4 Reactor component storage and access 
control 

A reactor component warehouse is developed to provide 

secure, controlled storage for new and removed reactor 

components, including fuel channels, feeders, and 

calandria tubes. The warehouse is designed to support 

heavy load handling, traceability, environmental 

protection, and radiological control. 

Upgraded access control systems are implemented 

across refurbishment infrastructure to ensure 

compliance with nuclear security, safety, and safeguards 

requirements. These systems support personnel 

authorization, material accountability, and segregation 

of radiological and non-radiological areas, in 

accordance with regulatory expectations [4]. 

5.5 Auxiliary infrastructure and utilities 

Additional infrastructure includes utilities, open and 

enclosed storage areas, offices, parking facilities, and 

interconnecting services required to support the 

expanded workforce and logistical demands of the 

refurbishment project. These facilities are essential for 

maintaining efficient work organization, supporting 

contractor integration, and ensuring continuity of plant 

operations during the refurbishment outage. 

Reliable utility systems, including power supply, 

ventilation, water, and communications, are designed 

with appropriate redundancy and capacity to support 

safety-related and non-safety-related refurbishment 

activities without adversely impacting operating plant 

systems. 

5.6 Role in safety and schedule assurance 

Collectively, the supporting infrastructure forms a 

critical enabler for safe refurbishment execution. By 

providing dedicated, purpose-built facilities, the project 

reduces radiological risk, improves work quality, 

enhances schedule predictability, and supports effective 

regulatory oversight. The infrastructure also establishes 

a long-term asset that can be leveraged for future 

maintenance, inspection, and life-cycle management 

activities beyond the refurbishment outage. 

6 Conclusions 

The Cernavodă Nuclear Power Plant Unit 1 

Refurbishment Project represents a comprehensive and 

integrated approach to long term operation of a CANDU 

6 nuclear unit. Driven by the technical life limits of 

reactor core components and informed by systematic 

condition assessments and aging management reviews, 

the project addresses both the replacement of life-

limiting components and the modernization of plant 

systems essential for continued safe and reliable 

operation. 

The retubing program constitutes the cornerstone of 

the refurbishment strategy, restoring the reactor core to 

a condition equivalent to a new unit and effectively 

resetting the aging mechanisms that define the original 

service life. The incorporation of improved material 

specifications for pressure tubes and feeder assemblies 

enhances resistance to known degradation mechanisms 

and provides robust margins for the additional 30-year 

operating period. 

Beyond retubing, extensive refurbishment and 

modernization of process systems, turbine and generator 

equipment, electrical power supplies, and control and 

instrumentation systems strengthen nuclear safety, 

improve reliability, and mitigate technological 

obsolescence. The transition to modern digital 

platforms, combined with integrated cyber security and 

human factors engineering considerations, aligns plant 

operation with contemporary regulatory expectations 

and industry best practices. 

The development of dedicated supporting 

infrastructure plays a critical enabling role in the 

execution of refurbishment activities. Purpose-built 

facilities for radioactive waste management, 

maintenance and decontamination, mock-up training, 

component storage, and access control reduce 

radiological risk, enhance work quality, and improve 

schedule predictability. These assets also provide long-

term value by supporting future maintenance and 

lifecycle management activities beyond the 

refurbishment outage. 

Extensive collaboration with qualified European 

industrial partners ensures access to specialized 

manufacturing capabilities, proven technologies, and 

robust quality assurance frameworks. This collaborative 

approach enhances supply chain resilience, supports 

regulatory compliance, and contributes to knowledge 

transfer and standardization, all of which are essential 

for the successful delivery of large-scale nuclear 

refurbishment projects. 

Overall, the Cernavodă Unit 1 Refurbishment 

Project demonstrates how a coordinated program 

combining component replacement, system 

modernization, infrastructure development, and 

industry collaboration can provide a technically sound 

and sustainable pathway for extending the operational 

life of an existing nuclear power plant. The experience 

gained and solutions implemented offer valuable 

insights for other CANDU operators and nuclear 

utilities planning life extension programs in support of 

long-term energy security and decarbonization 

objectives. 

 
Acknowledgment: The author acknowledges the contributions 
of all project partners, suppliers, and regulatory authorities 
involved in the successful development of the Unit 1 
Refurbishment Project. 

References 

1. International Atomic Energy Agency, Safety 

Aspects of Long Term Operation of Nuclear 

Power Plants, IAEA Safety Standards Series No. 

SSG-48, Vienna, Austria. 

2. International Atomic Energy Agency, Ageing 

Management and Development of a Programme 

for Long Term Operation of Nuclear Power Plants, 

    
EPJ Web of Conferences 372, 03002 (2026) https://doi.org/10.1051/epjconf/202637203002

APS 2026

5



IAEA Safety Standards Series No. SSG-25, 

Vienna, Austria. 

3. International Atomic Energy Agency, Periodic 

Safety Review for Nuclear Power Plants, IAEA 

Safety Standards Series No. SSG-25, Vienna, 

Austria. 

4. Atomic Energy of Canada Limited, CANDU 

Refurbishment and Life Extension Practices, 

AECL Technical Report, Canada. 

5. G. P. van der Merwe et al., Materials and 

degradation mechanisms in CANDU reactor core 

components. Nuclear Engineering and Design X, 

XXX–XXX. 

6. International Atomic Energy Agency, Computer 

Security at Nuclear Facilities, IAEA Nuclear 

Security Series 17, Vienna, Austria. 

7. Atomic Energy of Canada Limited, CANDU 

Reactor Life Management and Refurbishment, 

AECL Technical Report, Canada. 

8. D. T. Woo et al., Degradation mechanisms and life 

management of CANDU pressure tubes. Nuclear 

Engineering and Design X, XXX–XXX. 

9. Canadian Nuclear Safety Commission, CANDU 

Pressure Tube and Feeder Life Management, 

Regulatory Document, Canada. 

10. J. C. Pencer et al., Materials performance 

improvements in CANDU refurbishment 

programs. J. Nuclear Materials, vol. XXX, pp. 

XXX–XXX. 

11. Electric Power Research Institute, Flow 

Accelerated Corrosion in Nuclear Power Plant 

Piping, EPRI Report No. XXXX. 

12. Electric Power Research Institute, Human Factors 

Engineering Guidelines for Nuclear Power Plant 

Modernization, EPRI Report, USA 

    
EPJ Web of Conferences 372, 03002 (2026) https://doi.org/10.1051/epjconf/202637203002

APS 2026

6


