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Abstract. At the 2nd International Symposium on Nuclear Power Plant Life Management 
(PLiM) in 2007, it was reported that the NRC had approved renewal of operating licenses for 
48 nuclear units, which would allow operation for up to 60 years (i.e., an additional 20 years 
from the original 40-year license term).  Of the 104 operating nuclear units in the U.S. in 
2007, it was anticipated that almost 100% would eventually pursue license renewal.  At that 
time, it was also concluded that the regulatory process was stable and predictable for license 
renewal, and that successful PLiM activities were helping to ensure the safety, economic, and 
political factors in the U.S. remained favorable for continued success with license renewal.  
The status of license renewal in 2012 is even better than it was in 2007.  As of April 2012, the 
NRC has approved renewal of the operating licenses for 71 nuclear units and has applications 
under review for 15 more units.  In addition, nuclear plant owners of at least 14 more units 
have announced plans to submit license renewal applications over the next few years.  This 
brings the total of renewed licenses and announced plans for license renewal to 96% of the 
104 currently operating nuclear units in the U.S.  The prediction that almost 100% would 
eventually pursue license renewal is assured.  This positive trend for long term operation of 
nuclear power plants in the U.S. is attributed to: (1) the success of PLiM activities in 
achieving an excellent safety record for the nuclear power industry and in ensuring on-going 
positive economics for nuclear plant operation, and (2) the stable and predictable regulatory 
process for license renewal.  U.S. efforts are now underway to consider long term operation 
for more than 60 years and the process of preparing a second round of license renewals for up 
to 80 years of operation is likely to begin within the next few years.  

1. Introduction 

In the mid-1990’s, the U.S. Nuclear Regulatory Commission (NRC) finalized a rule in 10 
CFR Part 54 to define the regulatory process for license renewal of operating nuclear power 
plants.  This rule allowed nuclear plant owners to extend the original 40-year term of the 
operating license for additional terms of 20 years with each renewal.  The first license renewal 
applications were submitted to the NRC in 1998, but the U.S. nuclear industry remained 
skeptical that this new regulatory process would be practical.  This was due to the previous 
experiences with the original NRC licensing process (Part 50) that resulted in protracted and 
unpredictable outcomes from the 1970’s through the 1990’s. [1] 

In early 2000, the NRC approved the first renewed licenses for the two-unit Calvert Cliffs and 
the three-unit Oconee nuclear power plants.  Both of these reviews were completed by the 
NRC in a timely, predictable, and stable manner.  This regulatory success, combined with 
significant improvements in safety and economic performance of U.S. nuclear power plants, 
led to a steady stream of license renewal applications that continues today. 
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As of April 2012, the NRC has approved renewed licenses for 71 nuclear units operating at 42 
sites, which represents 68% of the operating nuclear units in the U.S.  The renewed licenses 
include: 

• Calvert Cliffs, Units 1 & 2 – extended to 2034 & 2036 
• Oconee Nuclear Station, Units 1, 2, & 3 – extended to 2033, 2033, & 2034 
• Arkansas Nuclear One, Unit 1 – extended to 2034 
• Edwin I. Hatch Nuclear Plant, Units 1 & 2 – extended to 2034 & 2038 
• Turkey Point Nuclear Plant, Units 3 & 4 – extended to 2032 & 2033 
• North Anna, Units 1 & 2 – extended to 2038 & 2040 
• Surry Units 1 & 2 – extended to 2032 & 2033 
• Peach Bottom, Units 2 & 3 – extended to 2033 & 2034 
• St. Lucie, Units 1 & 2 – extended to 2036 & 2043 
• Fort Calhoun Station, Unit 1 – extended to 2033 
• McGuire, Units 1 & 2 – extended to 2041 & 2043 
• Catawba, Units 1 & 2 – extended to 2043 & 2043 
• H. B. Robinson Nuclear Plant, Unit 2 – extended to 2030 
• R. E. Ginna Nuclear Power Plant, Unit 1 – extended to 2029 
• V. C. Summer Nuclear Station, Unit 1 – extended to 2042 
• Dresden, Units 2 & 3 – extended to 2029 & 2031 
• Quad Cities, Units 1 & 2 – extended to 2032 & 2032 
• Farley, Units 1 & 2 – extended to 2037 & 2041 
• Arkansas Nuclear One, Unit 2 – extended to 2038 
• D.C. Cook, Units 1 & 2 – extended to 2034 & 2037 
• Millstone, Units 2 & 3 – extended to 2035 & 2045 
• Point Beach, Units 1 & 2 – extended to 2030 & 2033 
• Browns Ferry, Units 1, 2, & 3 – extended to 2033, 2034, & 2036 
• Brunswick, Units 1 & 2 – extended to 2036 & 2034 
• Nine Mile Point, Units 1 & 2 – extended to 2029 & 2046 
• Monticello, Unit 1 – extended to 2030 
• Palisades, Unit 1 – extended to 2031 
• J.A. FitzPatrick, Unit 1 – extended to 2034 
• Wolf Creek, Units 1 – extended to 2045 
• Shearon Harris, Unit 1 – extended to 2046 
• Oyster Creek, Unit 1 – extended to 2029 
• Vogtle, Units 1 & 2 – extended to 2047 &2049 
• Three Mile Island, Unit 1 – extended to 2034 
• Beaver Valley, Units 1 & 2 – extended to 2036 & 2047 
• Susquehanna, Units 1 & 2 – extended to 2042 & 2044 
• Cooper, Unit 1 – extended to 2034 
• Duane Arnold, Unit 1 – extended to 2034 
• Kewaunee, Unit 1 – extended to 2033 
• Vermont Yankee, Unit 1 – extended to 2032 
• Palo Verde, Units 1, 2, & 3 – extended to 2045, 2046, & 2047 
• Prairie Island, Units 1 & 2 – extended to 2033 & 2034 
• Salem, Units 1 & 2 – extended to 2036 & 2040 
• Hope Creek, Unit 1 – extended to 2046  
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Prior to the renewal of the 71 operating licenses, a large number of operating reactors would 
have shutdown in the 2010’s due to license expiration.  This peak of license expirations has 
now moved to the 2030’s as shown in Figure 1 [2].  In addition, the nuclear plants with 
licenses expiring in the next 10 years have either submitted a license renewal application or 
are in the process of preparing an application.  If all of these applications are successful, 
which is likely, there will be no operating plant shutdowns in the 2010’s due to license 
expiration.

 

Figure 1. U.S. Nuclear Plant License Expirations (including renewed licenses issued) [2] 

The NRC is currently reviewing license renewal applications for 15 nuclear units operating at 
11 sites, which represents an additional 14% of the operating nuclear units in the U.S.  The 
applications under review include those from:  

• Pilgrim, Unit 1 
• Indian Point, Units 2 & 3 
• Crystal River, Unit 3 
• Diablo Canyon, Units 1 & 2 
• Columbia Generating Station 
• Seabrook Station, Unit 1 
• Davis Besse Nuclear Power Station, Unit 1 
• South Texas Project, Units 1 & 2 
• Limerick Generating Station, Units 1 & 2 
• Grand Gulf Nuclear Station, Unit 1 
• Callaway Station, Unit 1 
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In addition, nuclear plant owners of at least 14 more nuclear units (or an additional 13%) have 
announced plans to submit license renewal applications over the next few years.  This brings 
the total of completed license renewals, applications in review, and announced plans for 
renewal to 96% of the 104 currently operating nuclear units in the U.S.  Based on this current 
status and trend, it appears likely that 100% of the U.S. nuclear units will pursue license 
renewal.    

The license renewal process is a prerequisite for long term operation and is dependent on 
excellent PLiM that ensures safe and cost effective plant operation. 

2. Regulatory Process for License Renewal in the U.S. 

The NRC requirements for license renewal are contained in 10 CFR Part 54, Requirements for 
Renewal of Operating Licenses for Nuclear Power Plants, which was finalized in 1995.  The 
regulations address the required contents of a license renewal application, which includes 
summarizing the results of a safety review and an environmental review.  The safety review 
includes an Integrated Plant Assessment (IPA) and an evaluation of Time-Limited Aging 
Analyses (TLAA).   

The IPA, which is part of the safety review, is an assessment to demonstrate that a nuclear 
power plant facility's structures and components requiring aging management review for 
license renewal have been identified and that the effects of aging on the functionality of such 
structures and components will be managed to maintain the current licensing basis (CLB) 
such that there is an acceptable level of safety during the additional 20 years of operation. 

The evaluation of TLAA, which is also part of the safety review, includes identifying certain 
safety-significant analyses that consider the effects of aging and involved time-limited 
assumptions (e.g., 40-years of operation).  For each identified analysis, it must be demonstrate 
that: (i) the analyses remain valid for the period of extended operation; (ii) the analyses have 
been projected to the end of the period of extended operation; or (iii) the effects of aging on 
the intended function(s) will be adequately managed for the period of extended operation.  
Typical TLAA include metal fatigue, environmental qualification, and neutron embrittlement 
analyses. 

The environmental review is focused on assessing the environmental impacts of 20 additional 
years of operation associated with granting a renewed operating license.  The environmental 
areas evaluated include: surface water quality, hydrology, and use; aquatic ecology; ground-
water use and quality; terrestrial resources; threatened or endangered species; air quality; land 
use; human health; socioeconomics; postulated accidents; uranium fuel cycle and waste 
management; decommissioning; and environmental justice.   

Once the NRC has received an application for license renewal, the process typically takes 
approximately 22 to 30 months to complete the safety and environmental review activities.  
Of the renewed licenses issued so far, the shortest NRC review took less than 17 months 
(Arkansas Nuclear One, Unit 1) and the longest NRC review took almost 62 months 
(Vermont Yankee).  The average NRC review time has been approximately 25 months and  
65 of the 71 license renewal reviews (~92%) were completed by the NRC in 30 months or 
less.  The NRC license renewal review process is shown graphically in Figure 2 [3]. 
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Figure 2. NRC License Renewal Review Process [3] 

In order to document the experience and lessons learned from the many license renewal 
reviews and to establish better guidelines for future license renewal applicants, the NRC and 
the U.S. nuclear industry prepared and continue to update various guidance documents.  For 
example, the Nuclear Energy Institute (NEI) has prepared NEI 95-10, Industry Guideline for 
Implementing the Requirements of 10 CFR Part 54 – the License Renewal Rule [4], which is 
currently endorsed by the NRC as an acceptable method for preparing a license renewal 
application.  In addition, the NRC has published NUREG-1800, Standard Review Plan for 
Review of License Renewal Applications for Nuclear Power Plants [5]; and NUREG-1801, 
Generic Aging Lessons Learned (GALL) Report [6]. 

The GALL report (NUREG-1801) contains the NRC’s generic evaluation of the adequacy of 
certain existing aging management programs for use during the additional 20 years of 
operation.  The results indicate that many of the existing programs are adequate to manage the 
aging effects, as demonstrated by operating experience over the past few decades.  The GALL 
report also contains recommendations where existing programs should be augmented for 
license renewal.   
 
The regulatory process for license renewal in the U.S. has continued to be successful in part 
due to the development of useful and effective guidance documents such as NEI 95-10, 
NUREG-1800, and NUREG-1801.  The continual updating and incorporation of operating 
experience and lessons learned has been necessary and key to the success of this regulatory 
process.   

3. Safety and Economic Performance Implications for PLiM  

Long term operation of U.S. nuclear power plants is dependent on excellent PLiM that 
ensures continuing safe and cost effective plant operation.  Safety remains the top priority for 
operating nuclear plants and the safety record in the U.S. continues to reflect high levels of 
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achievement in parallel with cost effective operation.  It is now well established that the best 
performing nuclear power plants from a safety viewpoint are also the top performing plants 
from an economic viewpoint.  This positive correlation between safety and economics has 
helped ensure the focus on nuclear safety is maintained and that continuous improvement is 
sought.  Maintenance and operation practices, aging management programs and activities, 
continuous improvement through operating experience feedback, and all other aspects of 
PLiM continue to reflect this vital focus on safety. 

One measure of safety is the industrial safety accident rate for U.S. nuclear workers.  General 
worker safety at a nuclear power plant is excellent.  It is far safer to work in the nuclear power 
sector than to work in the U.S. manufacturing sector.  In 2001, the nuclear worker safety 
measure was reported to be 0.24 lost-time accidents per 200,000 worker-hours, which was a 
dramatic improvement from a rate of 2.1 in 1980 [1].  In 2010, the accident rate for U.S. 
nuclear plant workers had continued to improve to approximately 0.09 accidents (i.e., 
accidents resulting in lost work, restricted work, or fatalities) per 200,000 worker-hours [7].  
For comparison, the average for the electric utility industry in 2005 was 2.0 and the 
manufacturing industry average was 3.5 [8].  This long-term, continuing level of safe work 
practices is one of the many indications that safety is the primary focus for operating nuclear 
plants.     

The safety performance of U.S. nuclear power plants is also measured and tracked by the 
NRC.  For example, the NRC tracks data on the number of “significant events” at each 
nuclear power plant.  A significant event is broadly defined as any occurrence that challenges 
a plant’s safety system.  The average number of significant events per reactor has declined 
from 0.90 in 1989 to 0.10 or less from 1996 through 2010 [2].   

This on-going record of safe nuclear plant operation has also helped in public opinion survey 
results.  An NEI sponsored national public opinion survey report in 2011 concluded that two-
thirds of the U.S. public rated nuclear energy facility safety high, compared with 35% in 
1984.  A near consensus 85% of the U.S. public agree with renewing the license of nuclear 
power plants that continue to meet federal safety standards.  High awareness of nuclear power 
plant safety and benefits in the plant communities clearly plays a role in increasing public 
acceptance. [9] 

Cost effective plant operation is also a vital part of PLiM.  Although safety is the top priority 
for nuclear plant operation, cost effective operation is also necessary in order to allow long 
term operation.  Data continues to confirm that the safest nuclear plants are also among the 
most economical to operate.  This positive correlation between safety and cost effectiveness is 
one of the main reasons for long term improving public support of nuclear power and the 
nuclear renaissance in the U.S.   

A key indicator of cost performance is the U.S. nuclear power industry's average electricity 
production cost, which includes expenses for fuel, operation, and maintenance.  In 2010, this 
average was at 2.14 cents/kwh [7] for the U.S. fleet of nuclear plants.  The best performing 
25% of nuclear power plants had a 3-year average electricity production cost of 1.77 
cents/kwh.  Average production costs for the U.S. nuclear industry have been about 2 
cents/kwh for the past several years as shown in Figure 3, which is highly cost competitive 
with other electricity sources that are capable of reliably producing base load electricity.  
Even when expenses for taxes, decommissioning, and yearly capital additions are added to 
production costs to yield a total electricity cost, nuclear-generated electricity typically costs 
less than other base load sources of electricity.  By comparison, production costs alone for 
natural gas-fired power plants averaged 4.86 cents/kwh in 2010 as shown in Figure 3. 
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Figure 3. U.S. Electricity Production Costs From 1995 to 2010 [7] 

Another indicator of both cost performance and safe operation is the average capacity factor 
for the U.S. nuclear industry.  In 2011, this factor was approximately 89% [7].  In 1980, the 
average was 56.3%; in 1990, the average was 66%; and by 2000, the average reached 89% 
and has remained near or above 90% for the past 12 years.  In addition, the top 25% of the 
operating nuclear plants consistently reach a 3-year average capacity factor of 96% [7].  This 
steady improvement in plant operation from the 1980’s through the 1990’s, and the consistent 
performance for the past decade at near 90% demonstrates the maturity and long term high 
levels of performance that have been realized by effective PLiM efforts.  These high average 
capacity factors are a major reason for the low cost of electricity produced by nuclear power 
plants and further demonstrates the ability to achieve reliable, safe long-term operation by the 
U.S. nuclear industry.  

In summary, continuous improvement efforts based on lessons learned from operating 
experience and parallel PLiM activities in the U.S. have been successful in ensuring safe and 
economic performance of the nuclear industry such that license renewal for long-term 
operation is a viable goal.  

4. Conclusion  

The current trend in the U.S. toward increased interest in building new nuclear plants is 
largely based on the safety and successful performance of the existing fleet of nuclear power 
plants.  However, this high level of safety and performance must be maintained for many 
more years.  Fortunately, the U.S. PLiM activities have been successful in establishing high 
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levels of safe and economic operation and there is good reason to expect PLiM activities will 
be successful in maintaining these high levels of performance in the future. 

Nuclear energy continues to safely and economically supply approximately 20% of the 
electricity needs of the U.S.  Nuclear energy also supplies more than 60% of the U.S. 
electricity that comes from sources, including renewable technologies (wind, solar, and 
geothermal) and hydroelectric power plants, that do not emit controlled pollutants or 
greenhouse gases into the atmosphere during operation [7]. 

In summary, the outlook for long term operation of the U.S. nuclear power plants is very 
positive.  License renewal is a prerequisite for operating beyond 40 years and due to 
successful PLiM activities, the option to safely operate nuclear power plants for at least 60 
years is a realistic goal.  Furthermore, preliminary PLiM information supports a second round 
of license renewal applications in the U.S. beginning in the next few years.  This would 
provide an option to operate many of the U.S. nuclear power plants for 80 years or more and 
would keep this environmentally friendly option available for future generations based on 
maintaining high levels of safety and economic performance. 
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