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Abstract:  This paper reports on a study which identified and characterized life limiting issues for 
consideration by nuclear plant owners in their decision to extend plant life or seek subsequent license 
renewal.  As nuclear plants operate for longer periods, the risk that a condition in the plant or an event 
that occurs, at the plant or elsewhere, will cause a plant owner not to extend plant life increases.  The 
Fukushima accident has made this concept concrete.   

This paper defines “Life Limiting” concepts for nuclear plants.  It identifies the highest risk 
conditions and events that may limit duration of continued operation in nuclear plants and employs a 
survey to prioritize these concerns.  Methods for evaluating these risks and changing the capability of 
systems, structures, and components (SSC) to reduce and manage this risk in long term operation are 
presented.  Integrated obsolescence –the existence of an accumulation of events or condition that can 
threaten long term operation– is discussed. 

Many of the life limiting conditions or events may be controllable by early identification, recognition, 
and mitigation of the potential threat.  The recognition of conditions may allow measures to be taken 
to mitigate the condition.  Recognition of the potential for events that may be life limiting may allow 
actions to be taken that will minimize the likelihood or consequences of the event.  These actions may 
include enhanced research on the expected behavior of the SSC, risk assessment and management, 
and enhanced monitoring and aging management at the plant. 

1.  Introduction 

This paper reports on a study which identified and characterized life limiting issues for consideration 
by nuclear plant owners in their decision to extend plant life or seek subsequent license renewal [1].  
As nuclear plants operate for longer periods, the risk that a condition in the plant or an event that 
occurs, at the plant or elsewhere, will cause a plant owner not to extend plant life increases.  This was 
true prior to 2011, but the Fukushima accident has made this concept concrete. 

An examination of “life limiting” concepts must begin with clear definitions of terms.  This will 
provide a foundation and basis for evaluation of conditions and events that may challenge continued 
operation in nuclear plants.  Methods for considering changes in the capability of structures and 
components to perform satisfactorily and for the occurrence of events will be presented. 

Many of the life limiting conditions or events may be controllable by early identification, recognition, 
and mitigation of the potential threat.  The recognitions of conditions may allow measures to be taken 
to mitigate the condition.  Recognition of the potential for events that may be life limiting may allow 
actions to be taken that will minimize the likelihood of the event.  These actions may include 
enhanced research on the expected behavior of the component or structure or enhanced monitoring 
and aging management at the plant. 

 “Life limiting” can be considered for a specific individual plant, a fleet of plants (like BWRs or 
PWRs or plants of a certain age), all US plants, and all plants around the world.  In the most general 
sense, “Life Limiting Conditions and Events” are conditions and events that would cause a plant or 
group of plants to choose not to extend plant life due to technical, financial, or other risk 
considerations; specifically when extended operation is desired other than for the life-limiting 
condition or event. 

2.  Life Limiting Conditions and Events 

A “life limiting condition” is a change in the condition of a system, structure or component (SSC) that 
poses an unacceptable risk that to the SSC cannot continue to function safely and reliably in long term 
operation.  Furthermore, the risk of occurrence cannot be satisfactorily mitigated.  The “condition” 
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would manifest itself as 1) a change in the strength, toughness, or other capability of the SSC to 
withstand normal or off-normal operating loads and/or 2) a progressive degradation that may manifest 
itself as cracking, swelling, wall loss, or other degraded condition.  This change would make an SSC 
that was previously able to operate safely and reliably unable to continue to do so. 

A “life limiting event” is related to the occurrence of a specific or postulated event either inside or 
outside the plant that poses an unacceptable risk that to the plant cannot continue to function safely 
and reliably in long term operation.  The “event” will include the potential of a natural event, a plant 
internal event, a loss of confidence, or security breaches that may occur at a specific plant.  The 
“event” will also include the potential effects at a specific plant from nuclear events that may occur at 
any other plant in the world.  

Many changes in condition or events that occur at plants can be adequately prevented, mitigated or 
repaired by maintenance, timely repair, replacement, and/or predictive program enhancements.  Life-
limiting conditions or events would be not repairable for either technical or economic reasons, or 
both.  That is, the repair or modification that would be required to correct the change in condition or 
the event would be either technically not feasible or it would be so expensive that a decision to make 
the repair would not be financially sound.  

2.1  Life Limiting Conditions 

Candidate components, structures, and classes of components or structures that have the potential to 
experience a change in operating capability that would render them unacceptable for continued 
service and could be technically or financially un-repairable include components and structures like 
the reactor vessel, containment, cables, concrete foundations, and others.   

In that these components and structures would have experienced an unacceptable change in 
properties, there will be a degradation mechanism or combination of mechanisms that drive the 
change.  When considering potential life-limiting conditions, there are many mechanisms of 
degradation that need to be considered.  They can be either time-dependent or event-dependent; that 
is, depend on the passage of time or the repeated occurrence of events.  Examples include: 

− Irradiation embrittlement 
− Corrosion 
− Fatigue 
− Concrete spalling 
− Polymer degradation 

A usual way that a material could become unacceptable is that the material properties could change 
sufficiently to unacceptably reduce the capacity of the component or structure.  The alternative is that 
the material properties may not change, but a life-limiting condition could be caused by a change in 
the requirements for a component or structure.   

2.2  Life Limiting Events 

A life limiting event would be related to the occurrence of a specific incident either inside or outside 
the plant that may affect the ability to continue to operate.  The events will include natural events, 
environmental challenges, policy changes, and nuclear events that may occur at a specific plant or any 
other nuclear plant in the world.  Events can be actually experienced, precursors to the event of 
concern, or hypothetical events considered likely.  Specific examples of events include: 

Natural Events 
− Seismic event 
− Tsunami 
− Hurricane 
− Site Settling or significant shift of foundation 
− Water level rise 
− Dam failure (upstream or downstream) 
− Restrictions on cooling water use due to temperature rise 
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Events with Release of Radiation 
− An accident with any radiation release at any plant in the United States 
− An accident with a significant radiation release at a Nuclear Plant elsewhere in the world 
Events with Small Release of Radiation 
− Leaks with release of small amounts of radiation 
Plant Internal Events 
− Fire 
− Internal flood 
− Operational failures 
− Consequential damage from equipment failure 
Loss of External Confidence 
− Loss of local permits to operate 
− Loss of permits to store fuel 
− Loss of permits for water 
− State Referendums 
− Regulatory actions and regulatory scrutiny 
Loss of Business Confidence 
− Board of Directors perception of management or risk, balanced with need to “protect 

shareholders” 
Security 
− Security breach 
− Damage from terrorism 

3.  Reasons for Life being Limited 

An incident at a specific plant, such as TMI-2 or Fukushima, may have an impact on other plants but 
would probably not be directly life-limiting for plants other than the plant that was directly impacted.   

Other than an incident or accident at a specific plant, there are four potential reasons that a condition 
or event may be life limiting.  These are:  1) Technical, 2) Economic, 3) Political, and 4) Regulatory. 

Technical – There are three technical considerations that are important in assessing the potential 
for the occurrence of a life-limiting condition.   

1. A change in the ability of a component or structure to continue to perform satisfactorily.  
Once the degradation mechanism for the condition change is identified, the characteristics 
of the plant that makes one plant more susceptible than another plant can be defined.   

2. Whether the knowledge exists to allow a repair or replacement of the component or 
structure, and whether that knowledge has been tested and is proven.  Theoretically, 
everything in the plant can be replaced.  The issue is whether the knowledge and 
experience is available that would lead an owner or operator to decide to make a decision 
to replace items for which there is not a proven technical process. 

3. A change in a plant condition or capability caused by a plant internal operating event or 
an external natural event.  A fire or a severe seismic event may cause damage to the plant 
that requires extensive rework. 

Economic – For major repair or replacement decisions, the expectation of profitability, the return 
on investment on the specific investment, the remaining plant life, the expected plant performance 
following the repair, and availability of alternate power will all play a role in the decision.  This 
will include the risk of the repair or replacement and the risk of operation after the repair or 
replacement.  Technical input is required on the assessment of the risk. 

Political – Many local issues can affect a decision to make a major repair or replacement.  These 
include referendums, permit issues, interveners, spent fuel storage limitation, transport of fuel 
limitations, and other events that have placed upon a plant by an external agency other than the 
NRC.  Many of the “local” political issues may follow technical issues at the plant. 
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Regulatory – The regulators will clearly have a role and must approve major repairs or 
replacements and continued operation whenever either the cause or the proposed solution to the 
life limiting issue affects the safety of the plant. 

4.  Candidate Components and Structures  

Candidate components and structures have the potential to be life limiting if significant degradation 
occurred and the replacement would be technically or financially challenging.  These structures and 
components are almost all passive equipment.  Active components are generally handled well in 
maintenance programs.   

An assessment of Components, Structures, and Classes of Equipment considers the following issues 
relative to the component or structure: 

− Technical feasibility of replacement 
− Likelihood of degradation occurring to and progressing unacceptable condition (this includes 

the potential effect of obsolescence) 
− Cost of replacement 
− Current state of knowledge of the degradation mechanisms and knowledge of the expected 

long term condition 
− Potential for this competent to be life limiting. 

The list of candidate components and structures includes: 

− Reactor internals 
− Reactor vessel support concrete 
− Cables 
− Instrumentation and control systems. 

 
This is a partial list of typical components and structures.  The actual list will be plant specific.  
Placing a component or structure on any list does not make it life-limiting, but suggests that additional 
assessment work may be required and that mitigation options may be considered.  For most of these 
components and structures, active research programs are underway. 

These are individual components and structures.  The potential for multiple components and 
structures, coupled with other factors like financial, leading to “integrated obsolescence” has been 
considered and will be further developed in the next section. 

5.  Utility Executive Survey 

A survey was prepared to prioritize life limiting conditions and events and to gather opinions of utility 
executives on the likelihood of operation into the 60 to 80 year period.  A series of questions was 
prepared to address the LTO issues.  The survey was provided to and data received from 10 utility 
executives.  These ten executives represented 57 plants in the United States.  This survey was taken 
prior to Fukushima. 

The respondents ranked the likelihood of their plants operating from 60 to 80 years.  61% of the plants 
were stated as more than 75% likely that they would operate from 60 to 80 years.  33% of the plants 
had a likelihood of 25% to 75%.  Only 5% of the plants had a less than 25% likelihood of operating 
60 to 80 years. 

5.1  Survey Results – Life Limiting Conditions 

The executives were asked to rank from most likely to least likely the conditions that will most likely 
prevent operations from 60 to 80 years.  Choices included reactor vessel, steam generators, reactor 
internals, other primary system components, containment or torus functional or structural degradation, 
non-containment concrete structures, buried piping or tanks, low and/or medium voltage cables, 
general design obsolescence (plant size, staffing, cost of operations, reliability, etc.), or other 

The graph below provides a summary of the responses to the conditions that are most likely to prevent 
operations from 60 to 80 years.  This question requested a rank order of “most likely” with 1 being 
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most likely.  The straight vertical lines provide the range of answers provided by the respondents.  For 
example, for reactor internals the highest ranking was a “1” and the lowest was a “5”.  The average of 
all the responses is shown by the diamond in the middle.  The average for reactor internals was 3.1.  
The “conditions” are ordered from left to right from “most likely” to “least likely” based on the 
average score. 

 

 
 

Reactor internals was rated the most likely condition that would prevent operation.  Non-containment 
concrete structures and buried piping and tanks was rated the least likely.   

“Integrated obsolescence” was ranked as the second most likely condition to prevent operation.  Some 
responders referred to this as “General design obsolescence”.  This was defined as the collective 
challenge of obsolescence in many areas of the plant that will make it difficult to keep the plant 
running economically and reliably.  This includes the cost of operations, security, and capital 
programs in an environment where the expectations are higher, where new plants are “safer”, and 
where equipment can become more difficult to maintain.  The integrated effects of this with 
requirements for high operating reliability may challenge the overall plant financial viability.  
Integrated obsolescence refers to the combined effects of new technology, increasing cost of 
operations, increasing capital demands, continued regulatory scrutiny, and increased expectations. 

5.2  Survey Results – Life Limiting Events 

The survey respondents were also asked to rank from most likely to least likely the events that would 
prevent operations from 60 to 80 years.  Choices included cooling water availability, fire or flood, 
seismic, radiological safety event, security or terrorism event, loss of confidence with the public or 
Board of Directors, or other. 

The graph below provides a summary of the responses to the events most likely to prevent operation 
from 60 to 80 years.  This question requested a rank order of “most likely” with 1 being most likely.  
The straight vertical lines provide the range of answers provided by the respondents.  The average is 
shown by the diamond in the middle.  The “events” are ordered from left to right from “most likely” 
to “least likely” based on the average score. 
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Security or terrorism events, cooling water availability, and loss of confidence were “tied” as the most 
likely events that may prevent long term operation.  The breadth of responses on security or terrorism 
was narrower (2 to 4) than the others.  Seismic was the least likely.   

 

 

5.3  Observations from Survey 

There are several observations from the survey that are useful. 

Financial Metrics 

All the “likelihood of operating” estimates were all made based on the current financial 
conditions.  They were based upon the financial models that we use now.  There was no 
presumption of what would happen or what would be required in the financial calculation to make 
the likelihood of long term operation more (or less) likely.  There is, for example, use 
consideration of carbon offsets or other incentives that may make nuclear plant operation more 
attractive.  Such alternate models should be pursued to determine how they may change the 
likelihood of continued operation. 

Variation in Response 

There was large variation in the range of opinions of the executives surveyed about the conditions 
and events that may limit operation beyond 60 years.  Some of this variation is based on plant-to-
plant differences, but much of it was based on differing opinions of importance.  Some of it was 
also based on differing opinions of how degradation in the plant will progress.  This provides an 
opportunity for the work ongoing in the EPRI Long Term Operation project to provide insight 
that may provide new knowledge that will reduce uncertainty. 

Lack of Current Knowledge in Industry 

In reviewing the conditions most likely to prevent operation, many of the higher ranked 
components are the ones that we have yet to gain sufficient information about the ability to 
operate beyond 60 years.  Examples include the reactor internals and containment concrete.  The 
industry has yet to fully understand the long term behavior for the internals and containment.  
Additional knowledge will come from programs that are currently underway.  Both reactor 
internals and containment concrete are being studied and will have augmented inspections that 
will reduce uncertainty. 
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6.  Determination of Vulnerability 

The specific vulnerability that any particular plant will have to the potential for life limiting 
conditions will depend upon financial conditions, plant age, plant condition, and susceptibility to 
external events. 

Whether a particular plant is vulnerable will depend on the age of the plant, the condition, the design 
of the plant, the presence of potentially life-limiting features, and financial condition.  Any one of 
these items can affect the perception of a plant and can cause life limitation.  Individual plant 
assessments are required to determine vulnerability as the potential for life limitation is plant 
dependent.  The plant owner or operator would decide whether to 1) make preventive or mitigating 
plant changes or 2) accept the risks of SSC failure and costs of subsequent  repair or replacement, 
from a financial and risk perspective.  The eventual final decision will include consideration of 
financial conditions, plant age, plant condition, and susceptibility to external events.  Specific 
questions that may be important include the following: a) size of the plant, b) remaining plant life, c) 
cost of repair or replacement, d) overall risk of the repair or replacement, e) the historical reliability of 
the plant, f) the anticipated remaining operation time after completion, g) plant profitability, h) 
historical operating record, i) availability and sources of other power, j) cost of replacement power, k) 
perspective of local regulatory bodies, l) regulatory scrutiny, and m) corporate power generation 
diversity. 

The specific plant vulnerabilities should be identified as part of the decision for long term operation. 

7.  Life Limiting Conclusions 

No condition in a component or structure has been identified that limits a plant from operating for 
eighty years and possibly more if a utility chooses to do so. 

The occurrence of events is considered a more likely threat to long term operation than individual 
SSC conditions.  This conclusion is reached because events can affect multiple SSCs, and resolution 
of issues generally has more uncertainty than SSC conditions.  The occurrence of natural events may 
challenge continued operation.  A seismic event may cause plant damage that could make the plant 
restart and continued operation financially not viable, particularly if there were a short operating 
period remaining.  An environmental event that affects the ability to utilize, extract, or discharge 
water may also challenge continued operation.  Some events could pose a serious challenge to many 
plants not directly affected by the event.  For example, an attempted terrorism event could cause 
significant examination of safe shutdown or mitigation capabilities at similar plants, resulting in 
prolonged unavailability, cost, and uncertainty about future operations. 

It is also considered less likely that an isolated single condition or event will be life limiting.  An 
exception to this conclusion, of course, is for rare and extreme events such as the tsunami and 
subsequent Fukushima accident.  The confluence of several conditions and/or events is more likely to 
challenge continued operation.  Generally, these exposures to multiple conditions and/or events 
develop over many years, but the individual risks are not addressed as they occur and the cumulative 
risk is not addressed holistically.  This project terms this situation as “integrated obsolescence.”  The 
integrated costs and risks of these repairs and the potential regulatory and public scrutiny, coupled 
with an explicit or implicit return on investment calculation, may lead to a determination that 
continued operation is not financially viable.   

Consideration of thirteen U.S. plants that have been shut down since the TMI accident occurred in 
1979 illustrate integrated obsolescence.  A few of the plants that shut down were early plant designs 
that were approaching technical obsolescence.  Most of the others, though, were shut down due to a 
confluence of factors that started with a precipitating degraded plant condition, the remedy for which 
would require large expense or financial risk.  These plants each had additional conditions that caused 
financial, political, and/or regulatory risk.  The cumulative effect of the precipitating event and these 
coincident issues resulted in decisions to discontinue operation.  Surely much has changed between 
that period of time when these shutdown decisions were made and now, but the “lesson learned” is 
that plant closures will likely be initiated by a degraded plant condition followed by financial, 
political, or regulatory issues that eventually lead to a decision to discontinue operation. 
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8.  Recommendations 

Continued operation is threatened by failure of one or, at most, a few high cost SSCs.  These SSCs 
should be tabulated potentially life limiting conditions identified.  The threat is mitigated by 
understanding and managing the condition of the SSCs.  Without a failure from this degraded 
condition, the momentum for continued operation is great and continued operation is likely.  This can 
be done by: 

• Performing a thorough baseline condition assessment and subsequent trending through 
monitoring or inspections 

• Estimating remaining useful life of the SSCs through end of an extended plant life 

• Maintaining an aging management program on these SSCs, including mitigation strategies. 

The current emphasis in the nuclear industry to prevent severely degraded conditions should 
obviously be continued.  Programs that provide effective maintenance, reliability enhancement, life 
cycle management, asset management, end-of-life assessment, and other similar programs focus on 
preventing degraded conditions and should be emphasized.   

Life-threatening events will be plant specific and should be identified.  The likelihood of the events 
may not be within the control of the plant; however, the consequence of the event can be minimized 
by appropriate planning.  Important processes to manage life limiting challenges for such plants 
include; 

• Performing a thorough risk assessment including the likelihood of the initiating event of 
concern and the consequences of the event on the plant. 

• Developing response plans to mitigate the effects of the event and to minimize the cost of 
recovery from the event 

The potential for Integrated Obsolescence should also be considered.  A plant can find itself in an 
“integrated obsolescence” situation for a variety of reasons.  Modernization, up-rates, and 
refurbishments may have been deferred to the point that a significant capital program is necessary to 
ensure high performance and long-term operation.  Continued operation of such a plant creates a 
vulnerability to a potentially degraded plant condition leading to a plant shutdown decision due to the 
integrated costs and risks of recovery.  For such a plant, this risk should be studied and documented.   

The potential for integrated obsolescence will be minimized if the effects of an initiating condition or 
event are controlled.  The risk for the occurrence of integrated obsolescence should be assessed and a 
prevention and mitigation strategy to minimize the potential risk that is caused by such an event 
should be developed and implemented.  Important processes to manage life limiting challenges for 
such plants include; 

• Performing a thorough risk assessment including the likelihoods and importance of key 
issues facing the plant. 

• Developing actions to manage failures of key SSCs or occurrences of high risk events, in 
order of importance.  Ideally these actions would eliminate the issue of concern through 
design or operational changes.  Alternatively, they could reduce the likelihood or 
consequences of failures or events.  
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