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Abstract.  Establishing an improved technical basis for long term operation of existing plants is a nuclear 
industry priority.  The Electric Power Research Institute (EPRI) has responded with a comprehensive Long 
Term Operation (LTO) Program addressing this need for existing nuclear power plants world-wide.  The 
program supports both the business decisions necessary to achieve high performance operation and the 
licensing requirements for operation beyond 60 years.  The program selects its R&D priorities in a structured 
and objective way with much industry input to provide useful results for decisions in the 2014 to 2019 time 
frame.  The program is highly collaborative with U.S. Department of Energy (DOE) and with EPRI-member 
utilities.  The R&D portfolio includes materials aging (metals, concrete, and cables), modernization of 
information and control technology, enhanced safety analysis, advanced fuel design, demonstration plant 
activities, life cycle management, and identification of aging management program need for subsequent license 
renewal.  The program has focussed stakeholders world-wide on the technical issues of long term operation, 
and it is on-track to provide practical results for life extension and license renewal decisions. 

  
1.  Background 
 
In August of 2007, representatives from the U.S, Department of Energy (DOE), EPRI, and advisors from 
EPRI-member companies met to discuss potential R&D efforts to support plant operation beyond 60 
years.  In January 2008 the Nuclear Power Council of advisors requested EPRI to investigate technical 
needs for license renewal and life extension beyond 60 years.  In February 2008 the DOE/NRC Workshop 
on Nuclear Plant Life Extension R&D [1] was held with approximately 200 participants representing 
industry, government, and academia world-wide.   Throughout 2008, DOE, experts from the U.S. 
National Laboratories, and EPRI identified and prioritized technical areas for individual and collaborative 
R&D.  In 2009, DOE initiated the Light Water Sustainability Program (LWRS) and EPRI initiated the 
Long Term Operation (LTO) Project.  In 2012 LTO became a formal EPRI Program in the Nuclear Power 
Sector. 
 
2.  Program Objectives 
 
The LTO program has the following well-defined objectives. 
  

1.  Develop a technical basis to inform  decisions to operate through an extended lifetime. 
• Support the business case for life extension and/or refurbishment. 
• Support Subsequent License Renewal (SLR), including operation beyond 60 years. 

 
2. Produce useful results in the time frame of 2014 to 2019.  For a variety of reasons, utility advisors 

anticipate that long term decisions about the future of existing assets will be necessary in that 
time frame, and work on the next round of license renewal, beyond 60 years in the U.S., will 
commence. 
 

3. Develop and demonstrate technology to manage plant assets throughout an extended plant 
lifetime 
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• Include aging management, asset management, and risk management technology 
• Address opportunities to enhance safety, performance, and cost. 

 
3.  R&D Approach 
 
The LTO Program is different from most EPRI programs in two important respects:  1) the breadth of 
technical topics is large, and 2) results are designed to support very specific objective -- life extension and 
license renewal – within a very specific timeframe – 2014 to 2019.  These unique attributes of the 
program have led to a structured and strategic approach to program operations which is described below.  
 

• The LTO Program maintains an integrated Strategic Program Plan that is updated annually.  Sub-
plans exist for each of the technical areas under active investigation – there are currently sub-
plans for each mature technical area, and several other technical areas are under initial 
investigation.  These are candidates for future strategic R&D sub-plans.  The center-piece of each 
sub-plan is a well-defined set of deliverables, with targeted delivery dates, which will inform 
specific life extension and license renewal decisions.  These plans undergo review by EPRI 
technical experts and industry advisors, and they reflect realistic funding expectations and 
synergy with other R&D both within and outside of EPRI. 

 
• The LTO Program has strict criteria for selecting R&D activities. 

1.  Projects can be within one or more of the following categories: 
• Investigates a potential “life limiting” issue 
• Enhances aging management 
• Improves life-cycle management  
• Identifies modernization and up-rate opportunity 
• Develops enabling technology (for example, next generation analysis methods). 

2. Projects must address an issue of high priority ranking in the LTO Issues Matrix, a 
comprehensive list of, currently, 75 candidate issues, which are continually reviewed by the 
LTO Program and external stakeholders.  

3. Projects must not duplicate or compete with activities addressed by another EPRI program; 
however, it is desirable and often the case that LTO projects are complementary to on-going 
efforts in other programs. 

4. Useful deliverables must be likely in the 2014 to 2019 timeframe for life extension or SLR 
decisions.  

5. Projects are favored if there is a collaborative opportunity with an ongoing project at DOE 
LWRS, and the work scope can be strongly affected to leverage such an opportunity. 

 
• Project managers and subject matter experts for LTO projects are usually provided to the LTO 

Program from other EPRI programs.  Therefore, LTO has access to experienced and respected 
experts in each technical area, and both programs benefit from the exchange. 
 

• The LTO Program actively collaborates and coordinates with external organizations -- including 
the DOE LWRS program, NRC-Research, the Materials Ageing Institute, and EPRI member 
utilities both in the U.S. and globally.   The program seeks to collaborate more in the future with 
other R&D institutes, equipment vendors, EPCs (Engineering, Procurement, and Constructors), 
and utility members internationally.  This collaboration is particularly appropriate given the 
broad technical scope of LTO and the desire for substantial results in three to eight years.   

 
• The program is committed to include pilot studies and technology demonstrations at operating 

nuclear plants.  These studies are possible through the unique access to facilities and expertise 
through EPRI members.  These studies can be used to provide existing data, monitoring and 
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inspection results, and samples for investigation for the purpose of verifying R&D results, or 
demonstrating the effectiveness and practicality of new tools and methods.  

 
• The program maintains a strong interface with industry through coordination with the Nuclear 

Energy Institute (NEI) and through the EPRI advisory structure.  NEI represents the U.S. nuclear 
plant operators on generic regulatory issues with the Nuclear Regulatory Commission (NRC), 
and NEI facilitates industry working groups on license renewal issues.  The NEI interface with 
LTO includes periodic coordination meetings among NEI, EPRI LTO, DOE LWRS, NRC, and 
vendor owners groups. Also, NEI working groups are providing advice and review on an EPRI 
Technical Basis Report for Subsequent License Renewal (SLR).  Within the EPRI advisory 
structure, the LTO Integration Committee consists of eight utility representatives who have 
shown global leadership on issues of long term operation.  EPRI also operates the LTO Technical 
Advisory Group, open to all EPRI nuclear members, which meets twice annually to review EPRI 
LTO Program progress and to discuss related issues. 

 
4. Technical Scope 
 
The current scope of technical work in the EPRI LTO Program is structured within the nine technical 
areas identified and briefly described below. 1  
 

1. Primary System Metals Aging – These projects characterize the conditions and parameters associated 
with aging degradation, develop data resources and predictive models for remaining useful life, provide 
methods to mitigate risk and extend component life.  The principle value which the LTO brings to this 
significant industry effort will be the presentation of results in deliverables that are specifically designed 
to support generic and plant specific decisions about plant life extension, subsequent license renewal, and 
life cycle management.   

Individual projects addressing this objective include: 

• Extension of materials degradation matrix  and issues management tables to include failure 
mechanisms to 80 years [2] 

• Evaluation of crack initiation and propagation mechanisms in primary system components 

• Identifying mechanisms and mitigation strategies for irradiation assisted stress corrosion cracking 
of stainless steel in reactor system components 

• Enhancements to testing and analysis programs which demonstrate and manage reactor pressure 
vessel life-times beyond 60 years. 

• Development and verification of  methods for welding of irradiated materials for reactor internals 
repair and replacement   

2. Concrete Structures and Containment Aging --  These projects identify and prioritize degradation 
mechanisms and locations, establish methods for issue resolution including new NDE and forensic 
concrete examination methods and prognostic modeling to determine remaining useful life, and 
investigate mitigation measures for issues important to long term operations. 

• The project has produced a Concrete Structures Aging Reference Manual [3] and is collaborating 
with DOE LWRS on a comprehensive database of concrete degradation and failure information. 

                                                   
1 Technical areas 1 through 6 correspond to LTO Strategic Program Sub-plans.  Areas 7 through 9 are included in 
LTO Strategic Program Sub-plan 7. 
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• Pilot studies are underway on boric acid degradation of fuel pools and on chloride attack of 
concrete. 

• NDE methods under investigation include continuous monitoring of containment tendons, 
waveguide inspection of containment liner plates, and laser monitoring of containment surface 
strain. 

• A significant effort is underway to investigate whether long-term effects of high neutron fluence 
and gamma dose are important to long term operations. 

 
3.  Advanced I&C and Information Technology – Working closely with DOE LWRS, this project is 
developing pilot projects at operating nuclear plants which demonstrate innovative, practical, and 
effective applications of advanced technology.  These studies are in the areas of 

1) Highly integrated control room 
2) Highly automated plant 
3) Integrated operations 
4) Human performance improvement for field workers 
5) Outage safety and efficiency 
6) Centralized online monitoring and information integration. 

 
Specifically, EPRI will participate in a Working Group which oversees the identification, selection, and 
implementation of these pilot studies.  EPRI will also work with utilities to develop consensus guidelines 
for deployment of these demonstrated technologies at other nuclear plants.  EPRI will also maintain a 
database of requirements and other attributes of these studies and other industry best practices for 
application at other nuclear plants 

 
4.  Advanced Safety Analysis and Risk Assessment Methods to Characterize Safety Margins -- Safety of 
nuclear plants is demonstrated in many ways including by continuous compliance with the licensing 
basis, average or configuration-specific probabilistic risk assessment, and by safety margins assessment.  
These LTO projects support the development of a method to quantify measures of safety margins to 
assess effects of plant aging, design changes, operational changes, or plant events.  Since safety margins 
are used in design, operations, and licensing decisions; this approach can have a significant practical 
value in long term operation decisions. 

 
Specifically, EPRI is demonstrating the safety margins methodology for two current industry problems – 
long term cooling following a loss of feed water event and coping with a sustained station blackout event.  
EPRI is also supporting the DOE LWRS development of RELAP7 safety analysis code to support this 
method, and the LTO Program is collaboration with the Risk and Safety Program to develop a next 
generation integrated PRA tool for both average risk assessments and configuration specific applications. 
 
5. Life Cycle Management – An Integrated Life Cycle Management Project is underway to support the 
implementation of  a new Asset Management process for key systems, structures, and components that 
will be important for life extension decisions and for long term asset management.  The project includes 
the identification of failure models, an assessment process, probabilistic remaining-life modeling, 
sophisticated optimization tools, and pilot studies to demonstrate the effectiveness and practicality of the 
integrated process.  This project is based on the vision of a core group of utilities who have participated 
throughout the design and implementation of the work. 
 
6. Development of Advanced Fuel Design for Existing Plants – EPRI recognizes that advanced fuel 
designs can have a large impact on life extension decisions if they provide enhanced public safety, power 
up-rates, higher burn-up, and operational flexibility while maintaining high reliability.  However, 
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deployment of a new design must be timely – development and testing must be well along by 2019.  
Several advanced fuel designs are under consideration by DOE and industry.  EPRI is investigating the 
development and deployment of SiC clad fuel in the LTO program.  To date, EPRI work has investigated 
the structural integrity of SiC cladding, the potential cost/benefits relative to current fuels, and the 
performance of such fuel over its residence time in reactor cores.  No EPRI R&D activity is underway 
now, pending an integrated development and test plan being developed by DOE. 
 
7. Cable Aging – the industry is proactively addressing the aging management of cables through enhanced 
inspections, pre-emptive replacements, and response to operating experience.  The LTO Program is 
developing a strategy for R&D to improve the technical basis for aging management and  provide a 
process for cable asset management.  The R&D is intended to provide better understanding of cable aging 
mechanisms, better information on costs and likelihoods of extensive cable replacement, validation of 
testing methods, and predictive tools to inform life extension decisions and to enable long term asset 
management. 

 
8. Demonstration Plant Activities – The LTO objectives and approach to the R&D activities clearly state 
the need for useful results for life extension and license renewal decisions.  Advisors to the LTO Program 
emphasize the importance of the demonstration and validation of R&D results at operating nuclear plants.  
Constellation Energy Nuclear Group (CENG) and DOE LWRS have partnered with EPRI to perform 
LTO demonstration activities at the Ginna Nuclear Station and Nine Mile Point Unit 1 Station operated 
by CENG.  These stations are PWR and BWR plants respectively, and are operating in their extended 
period of operation (beyond 40 years).  The current scope of the collaboration will include 2 refueling 
outages at each plant. 
 
Activities include the development and demonstration of a comprehensive containment inspective 
guideline for long term operation, investigation of potential enhancements to reactor internals inspections 
to support long term operation including enhanced quantification and documentation of inspection results, 
demonstration of enhanced NDE methods for containment aging, and investigation of an aging 
management plan for reactor vessels that addresses analysis and testing needs to 80 years. 
 
9. Aging Management Enhancement Considerations for Subsequent License Renewal – This project is 
intended to proactively identify additional AMP mechanisms, locations, conditions, methods, and 
documentation for consideration for Subsequent License Renewal.  NEI working groups on license 
renewal, with their significant expertise and experience from the process of license renewal from 40 to 60 
years, are participating and providing data on this effort.  
 
 The result will be Technical Basis Report for Subsequent License Renewal (SLR) including Proactive 
industry assessment of current Aging Management Programs (AMPs);  likely enhancements to current 
AMPs and ‘gaps’, including potential for new AMPs; and industry plans for incorporating the research 
results and OE into AMPs.  It will be structured around the GALL Report [x] to ensure that the technical 
bases are linked to an accepted and common review process. 
 
5.  Results 
 
Numerous results have been produced already by the LTO Program as Technical Reports.  These are 
summarized in Table 1.   
 
Importantly, the LTO Program has helped to create a community of stakeholders in establishing a 
technical basis for long term operations, a well-founded consensus on important technical issues and 
priorities, focused global R&D collaborations to address these technical issues, and interface with the 
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important business and regulatory processes that will make the important decisions regarding long term 
operation.   
 

 
Table I. Technical Reports from 2010 -2012 

 Primary Metals Aging:  

EPRI Materials Degradation Matrix, Revision 2 

 

Concrete and Containment Aging: 

Concrete Civil Infrastructure in United States Commercial Nuclear Power Plants 

Concrete Structures Aging Reference Manual  

 

I&C and Information Technology: 

I&C, Human System Interface, and Information Technology Requirements Plan for LTO 

Guideline for Initiating an Online Monitoring Program for Nuclear Power Plants 

Asset Fault Signature Database Version 1.0 

Status of Online Monitoring Pilot Studies for Critical Nuclear Plant Components 

Online Monitoring and Diagnostic Approach for Nuclear Plant Equipment  

                                On-Line Monitoring Plant Performance Applications at Bruce Power 

 

Advanced Safety Analysis: 

Desired Characteristics for Next Generation Safety Analysis Methods and Software 

Pilot Application of Advanced Method to Evaluate Effect of Plant Changes on Safety  

 

Life Cycle Management: 

Integrated Life Cycle Management 

Optimization Approach for Life Cycle Management Applied to Large Power Transformers 

   Life-Limiting Issues for Long-Term Operation of Nuclear Power Plants 

 

Advanced Fuel Designs: 

Falcon-Based Comparative Assessment of Prototype Zr-4 and SiC Fuel Rod 

Economic Analysis and Application of FALCON to Performance of SiC Fuel Cladding  

                                                                                                                                                                                                                        

Demonstration Pilot Plants: 

Demonstration of Inspection Technology for Containment Aging at Ginna and NMP-1  

 

 

 
The LTO Program continues to be very focused on its objectives and time frame for results.  Therefore, 
the Strategic Program Plan discusses specific deliverables to be delivered on specific dates.   It is also 
instructive to discuss results in terms of, “What critical technical questions regarding life extension and 
SLR can be answered in the time frame of 2014 to 2019?”  Such questions are presented below, along 
with a brief statement of the LTO Program efforts to address each question. 
 

• What are Life Limiting concerns for operation beyond 60 years? 
 

A 2010 EPRI report addresses life limiting concerns in some detail [3].  The report concludes that 
known life limiting issues are plant specific.  The report recommends guidance to be provided for 
risk assessments, life management, and contingency plans for 3 categories:  life limiting 
component conditions, potential life limiting external events, and “integrated obsolescence” that 
leaves a plant’s future vulnerable to an emergent condition or event. 
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• What are Aging Management gaps or recommended enhancements for Subsequent License 
Renewal? 
 
LTO R&D is proactively assessing AMPs to identify enhancements for greater than 60 years 
through examination of R&D results, use of operating experience, and inspection and monitoring.  
An EPRI report on this technical assessment will be prepared.  Identifying such aging issues – for 
metals, concrete, cables, and critical components – is the subject of much of the R&D in the LTO 
Program and will be reported as results of the individual projects.  

 
• What Life Cycle Management data and methods can enhance long term operation? 

 
The EPRI ILCM project addresses data, methods, analysis tools, and pilot studies for asset 
management.  The new process creates “living models” for component life cycles that consider 
dependencies, constraints, and plant specific conditions.  As data affecting these models change 
over time, the asset management strategies are efficiently updated from the existing models.  The 
process specifically considers ongoing programs, especially AMPs, that supply input for life 
cycle management. 

 
• What plant modernization opportunities affect decisions to operate beyond 60 years? 

 
The LTO Program R&D supports expedited deployment of advanced fuel designs; specifically 
the use of SiC cladding.  The LTO Program also considers that modernization of I&C systems 
and information technology will have a critical role in long term operation decisions.  Therefore, 
the LTO Program will produce guidelines and support pilot applications of advances in 
information technology. 

 
• What enabling technologies can support decisions to operate beyond 60 years? 

 
The LTO Program is committed to development of enhanced safety analysis and risk assessment 
capabilities to support design and operational decisions.  The LTO Program is also supporting the 
development of advanced optimization methods for use in the ILCM project.  Through 
collaborations with DOE, the LTO Program also supports enhanced analysis and simulation 
methods for design and development of advanced fuels.  This latter technology is considered 
essential if significant changes in fuel designs are to be demonstrated by 2019 and loaded in 
commercial plants in a reasonably short time thereafter. 

 
6.  Conclusions 
 

The EPRI LTO Program investigates the technical basis both for the business decisions necessary to 
achieve high performance operation and for subsequent license renewal of existing plants world-
wide.  The program selects its R&D priorities in a structured and objective way with much industry 
input to provide useful results for decisions in the 2014 to 2019 time frame.  The program is highly 
collaborative with U.S. Department of Energy (DOE) and with EPRI-member utilities.  The R&D 
portfolio includes materials aging (metals, concrete, and cables), modernization of information and 
control technology, enhanced safety analysis, advanced fuel design, demonstration plant activities, 
life cycle management, and identification of aging management program need for subsequent license 
renewal.  The program has focussed stakeholders world-wide on the technical issues of long term 
operation, and it is on-track to provide practical results for life extension and license renewal 
decisions. 
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