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Here are some notes and supporting information for the record.

Please note that the WSJ article is copyrighted. I believe you may use excerpts with
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Notes for the Meeting of January 31, 2018

 

1.       ANS N18.2 (even the UK uses it)
 
 
2.       CLB & the two principles of license renewal
 
 
3.       Relicensing vs renewal (Brian Holian, WSJ article)
 
 
4.       Protect the public safety or licensees’ bottom lines? Uprates?
 
 
5.       Conditions I and II vs III and IV
 
 
6.       Condition III (Beznau and TMI)
 
 
7.       CUF and design transients
 
 
8.       Ageing management is not enough (unknowns, examples)
 
 
9.       Nuclear plant operators buy old equipment
 
 
10.   Comparison (countries)

 

According to US GAO, B-285226, June 30, 2000, NRC has identified four new performance goals:
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NUCLEAR REACTOR LICENSE RENEWAL 
NRC Generally Follows Documented Procedures, but 
Its Revisions to Environmental Review Guidance 
Have Not Been Timely 


Why GAO Did This Study 


Many U.S. commercial nuclear power 
reactors are reaching the end of their 
initial 40-year operating period. To 
continue operating, their owners must 
renew their licenses with NRC, the 
independent federal agency 
responsible for licensing and regulating 
nuclear reactors. NRC evaluates 
license renewal applications under two 
parallel reviews for safety and potential 
environmental impacts. NRC’s license 
renewal process has received 
increasing public scrutiny due, in part, 
to the 2011 disaster at Japan’s 
Fukushima Daiichi nuclear plant. 


GAO was asked to review NRC’s 
license renewal process for 
commercial nuclear power reactors. 
This report examines (1) the scope of 
the license renewal process, (2) the 
extent to which NRC updates its safety 
and environmental review guidance, 
(3) the extent to which NRC follows its 
documented license renewal 
procedures, and (4) knowledgeable 
stakeholders’ views on the strengths 
and weaknesses in the license renewal 
process and any suggestions for 
improvements. GAO reviewed 
documents; visited two nuclear power 
plants selected based on 
characteristics such as having gone 
through the license renewal process; 
assessed the consistency of NRC 
reviews with documented procedures; 
and interviewed NRC officials and 
stakeholders from industry and public 
interest groups. GAO did not evaluate 
the adequacy or substance of NRC 
reviews or the quality of the agency’s 
license renewal procedures. 


GAO is not making recommendations. 
NRC neither agreed nor disagreed with 
GAO’s findings. 


What GAO Found 


The scope of the Nuclear Regulatory Commission’s (NRC) license renewal 
process focuses on managing the effects of aging on a reactor and its associated 
systems, structures, and components (i.e. safety) and assessing certain potential 
environmental impacts of extending a reactor’s operating-life. As a result, reviews 
done as part of this process are not required to address as many topics as 
reviews for initial licensing, which include security and emergency planning.  


NRC has regularly updated the safety review guidance it uses in the license 
renewal process but has not revised most of its environmental review regulations 
and guidance since they were first issued. NRC has revised its safety review 
guidance twice—in 2005 and 2010—and has issued interim updates for selected 
safety issues between those revisions. In contrast, NRC has not revised most of 
its environmental review regulations and guidance since they were first issued 
starting in 1996. NRC regulations state the agency’s goal is to review its 
environmental findings every 10 years and update its license renewal regulations 
and guidance, if necessary. Consistent with this goal, NRC initiated the revision 
process in 2003. In December 2012, the NRC Commissioners approved draft 
regulations, but they directed agency staff to make additional changes. As of 
March 2013, NRC staff were working on these changes. According to NRC 
officials, reasons for the lengthy revision process include limited staff resources 
and competing demands on those resources as well as an unusually large 
number of technical issues needing evaluation. NRC requires applicants and 
expects agency staff to consider new and significant environmental information in 
the license renewal process, but its use of regulations and guidance originally 
issued 17 years ago has created the impression among some that the agency is 
using outdated information and has caused uncertainty for some license renewal 
applicants about what guidance will be used to evaluate their application. 


NRC generally followed its procedures when reviewing selected safety and 
environmental elements in eight license renewal applications GAO examined. 
NRC’s safety reviews were generally consistent with the agency’s procedures for 
evaluating both an applicant’s identification of components within the scope of 
the license renewal process and proposed buried piping and tanks inspection 
and fire protection programs for aging management. NRC’s environmental 
reviews were also generally consistent with agency procedures for evaluating (1) 
new and significant information for two generic environmental issues; (2) 
applicants’ assessments of two site-specific environmental issues; and (3) 
applicants’ analyses of alternatives for mitigating severe reactor accidents.  


Knowledgeable stakeholders interviewed by GAO identified various perceived 
strengths and weaknesses and potential improvements to the license renewal 
process. Stakeholders most often identified NRC staff’s technical knowledge and 
the thoroughness of the agency’s reviews as perceived strengths of the process. 
Stakeholders also identified a range of perceived weaknesses in the license 
renewal process, including claims that its scope is too narrow and that its public 
hearing process is flawed and inhibits meaningful public participation. 
Accordingly, some stakeholders suggested potential changes to improve the 
license renewal process, including broadening the scope of NRC’s reviews and 
modifying aspects of the public hearing process.   


View GAO-13-493. For more information, 
contact Frank Rusco at (202) 512-3841 or 
ruscof@gao.gov. 
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441 G St. N.W. 
Washington, DC 20548 


May 30, 2013 


Congressional Requesters 


U.S. commercial nuclear power reactors generated nearly 20 percent of 
the nation’s electricity in 2012, but many of them are reaching or have 
reached the end of their initial 40-year operating period.1 For these 
reactors to continue operating, their owners must renew their licenses 
with the Nuclear Regulatory Commission (NRC), the independent federal 
agency responsible for licensing and regulating nuclear reactors and 
overseeing their safe operation and security. NRC allows reactor owners 
to apply for renewal of their operating licenses for up to an additional 20 
years, and owners may apply to renew licenses more than once. Since 
2000, NRC has renewed operating licenses for 73 of the nation’s nuclear 
reactors.2 As of May 2013, NRC was reviewing license renewal 
applications for 14 reactors and expected to receive renewal applications 
for 15 more reactors in the next 5 years, according to NRC documents.3


In recent years, NRC’s license renewal process has received increasing 
public scrutiny. In 2007, NRC’s Office of the Inspector General (OIG) 
reported that NRC had developed a comprehensive process for reviewing 
license renewal applications, but agency staff had not consistently 
reviewed or independently verified applicant-supplied operating 


 
With relatively few new nuclear reactors expected to go into operation in 
the United States this decade, nuclear power’s contribution to the nation’s 
energy supply may depend in large part on the number of existing 
reactors operating under renewed licenses. 


                                                                                                                     
1In this report, when we use the term power plant, we are referring to an entire site, and 
nuclear power reactors are the individual units at each site. 
2In February 2013, the owner of the Crystal River Nuclear Plant in Florida permanently 
shut down that site’s reactor and, in May 2013, the owner of the Kewaunee Power Station 
in Wisconsin permanently shut down that site’s reactor. These actions reduced the 
number of operating commercial nuclear power reactors in the United States from 104 to 
102. The Kewaunee reactor was one of the 73 reactors with an operating license renewed 
by NRC. As a result, as of May 2013, there are 72 commercial nuclear power reactors 
with renewed operating licenses operating in the United States. 
3The owner of the Watts Bar nuclear reactor in Tennessee—whose initial operating 
license does not expire until 2035—has not submitted a license renewal application and 
has not notified NRC of its intent to submit an application.  
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experience information.4 In 2011, following the disaster at Japan’s 
Fukushima Daiichi nuclear power plant,5 more than 40 public interest 
groups and individuals called for a moratorium on license renewal 
decisions until NRC completed its review of lessons learned from the 
disaster and issued any regulatory decisions and environmental analyses 
based on those lessons. In May 2012, NRC held a public meeting to 
collect comments on issues for the agency to consider as it prepares for 
future reviews of applications to renew reactor operating licenses for a 
second time. Renewing an operating license for a second time would 
allow a reactor to operate for a total of up to 80 years. In August 2012, the 
NRC Commissioners suspended all pending license renewal decisions 
until the agency addresses a federal appeals court decision vacating 
NRC’s Waste Confidence Decision and Temporary Storage Rule, which 
embodies the agency’s generic determination on the environmental 
impacts of continued storage of spent nuclear fuel beyond the licensed 
life for nuclear reactor operations and prior to its ultimate disposal in a 
geologic repository.6


                                                                                                                     
4NRC Office of the Inspector General, Audit of NRC’s License Renewal Program, OIG-07-
A-15 (Washington, D.C.: September 2007). 


 According to agency documents, NRC has 
historically used this generic determination to satisfy the agency’s 


5On March 11, 2011, a 9.0-magnitude earthquake and subsequent tsunami devastated 
northeast Japan. The Fukushima Daiichi nuclear power plant suffered extensive damage 
when a tsunami wave that exceeded the plant’s seawall flooded the site and caused a 
prolonged loss of electrical power at several of its reactors. As a result of the loss of 
power, plant operators were unable to keep three of the reactors cool, which led to fuel 
melting, hydrogen explosions, and the release of radioactive material into the 
environment. The disaster displaced tens of thousands of residents and contaminated the 
surrounding area. The Japanese government expects recovery to take years and cost 
billions of dollars. 
6On June 8, 2012, the U.S. Court of Appeals for the District of Columbia Circuit found that 
some aspects of NRC’s 2010 Waste Confidence Decision Update and associated 
Temporary Storage Rule did not satisfy the agency’s National Environmental Policy Act 
obligations and vacated the Decision Update and Rule. According to a NRC document, 
the Waste Confidence Decision and Rule represent NRC’s generic determination that 
spent nuclear fuel can be stored safely and without significant environmental impacts for a 
period of time after the end of the licensed life of a nuclear reactor. See 75 Fed. Reg. 
81,037 (Dec. 23, 2010). The court held that NRC needed to examine the potential 
environmental impacts of failing to secure permanent disposal for spent nuclear fuel, the 
risk of potential spent fuel pool leaks, and the potential consequences of spent fuel pool 
fires. In response to the court’s decision, NRC decided to stop all final licensing decisions 
that rely on the Waste Confidence Decision and Rule, including license renewals, but it 
directed that agency staff should continue all licensing reviews and proceedings. The NRC 
Commissioners have directed agency staff to issue the final Environmental Impact 
Statement and Rule to address the court’s concerns by no later than September 2014. 







 
  
 
 
 


Page 3 GAO-13-493  NRC’s License Renewal Process 


obligations under the National Environmental Policy Act7


In this context, you asked us to review NRC’s license renewal process for 
commercial nuclear power reactors. This report examines (1) the scope of 
the license renewal process; (2) the extent to which NRC updates the 
safety and environmental review guidance used in the license renewal 
process; (3) the extent to which NRC follows the agency’s documented 
license renewal procedures; and (4) knowledgeable stakeholders’ views 
on the strengths and weaknesses in the license renewal process and 
suggestions, if any, for improving the process. 


 with respect to 
continued spent fuel storage and has incorporated the generic 
determination by reference into license renewal supplemental 
environmental impact statements. 


To conduct this work, we reviewed relevant laws, regulations, and NRC 
guidance and interviewed NRC headquarters and regional officials 
involved in the license renewal process. To describe the scope of the 
license renewal process, we reviewed NRC regulations and guidance. In 
addition, we visited a nonprobability sample of two nuclear power 
plants—Millstone Power Station in Connecticut and the Pilgrim Nuclear 
Power Station in Massachusetts—to interview plant representatives about 
their experience with the license renewal process and to observe 
programs implemented at the sites following a license renewal.8


                                                                                                                     
7Pub. L. No. 91-190, 83 Stat. 852 (1970), codified as amended at 42 U.S.C. §§ 4321-4347 
(2013). Under the National Environmental Policy Act, federal agencies must assess the 
effects of major federal actions—those they propose to carry out or to permit—that 
significantly affect the environment. The National Environmental Policy Act has two 
principal purposes: (1) to ensure that an agency carefully considers detailed information 
concerning significant environmental impacts and (2) to ensure that this information will be 
made available to the public.  


 We 
selected these sites to capture a variety of characteristics, including sites 
that had gone through the license renewal process, at least one site that 
was operating under a renewed license beyond its initial 40-year 
operating period, and at least one site that was the subject of a public 
hearing concerning a challenge to its license renewal application. To 
determine the extent to which NRC updates the safety and environmental 
review guidance used in the license renewal process, we examined NRC 
documents, reviewed changes made to license renewal safety and 


8Because this was a nonprobability sample, the information we gathered from these site 
visits is not generalizable to all nuclear power plants but provides important illustrative 
information.  







 
  
 
 
 


Page 4 GAO-13-493  NRC’s License Renewal Process 


environmental guidance, and interviewed NRC officials. To determine the 
extent to which NRC followed the agency’s documented license renewal 
procedures, we selected a nonprobability sample of safety and 
environmental review elements that are assessed as part of NRC’s 
license renewal process and identified the agency’s documented 
procedures for reviewing those elements. We then identified the actions 
NRC staff took to review the selected elements, as documented in NRC 
audit reports, inspection reports, and final safety and environmental 
reports, for a nonprobability sample of eight license renewal applications. 
Our nonprobability sample consisted of license renewal applications for 
Columbia Generating Station, Duane Arnold Energy Center, Millstone 
Power Station (Unit 3), Monticello Nuclear Generating Plant, Pilgrim 
Nuclear Power Station, Shearon Harris Nuclear Power Plant, Virgil C. 
Summer Nuclear Station, and Wolf Creek Generating Station.9 We 
selected this sample to capture a variety of characteristics, including 
reactors from different NRC regions, and reactors whose license renewal 
applications were reviewed using different versions of NRC’s safety and 
environmental review guidance. We then compared NRC staff’s 
documented actions with the agency’s documented procedures to assess 
the level of consistency for the review elements in our sample. We did not 
evaluate the adequacy or substance of NRC’s review actions or the 
quality of its documented license renewal procedures. To describe 
knowledgeable stakeholders’ views of strengths and weaknesses in 
NRC’s license renewal process, we interviewed 15 stakeholders. To 
ensure coverage and a range of perspectives, we selected stakeholders 
who came from industry, public interest groups, state governments, and 
NRC’s Advisory Committee on Reactor Safeguards (ACRS).10


                                                                                                                     
9Because this was a nonprobability sample, our results are not generalizable to all license 
renewal reviews but provide examples of safety and environmental review elements that 
NRC reviewed as part of its license renewal process.    


 We 
analyzed stakeholders’ responses to a standard set of questions and 


10ACRS is a body of nuclear, engineering, and safety experts appointed by the NRC 
Commissioners, which is independent of the NRC staff and reports directly to the NRC 
Commissioners. ACRS is established in statute. The committee has four primary 
purposes: (1) to review and report on safety studies and reactor facility license and license 
renewal applications; (2) to advise the NRC Commissioners on the hazards of proposed 
and existing production and utilization facilities and the adequacy of proposed safety 
standards; (3) to initiate reviews of specific generic matters or nuclear facility safety-
related items; and (4) to provide advice in the areas of health physics and radiation 
protection.  
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summarized the results. Appendix I presents a more detailed description 
of our objectives, scope, and methodology. 


We conducted this performance audit from May 2012 to May 2013 in 
accordance with generally accepted government auditing standards. 
Those standards require that we plan and perform the audit to obtain 
sufficient, appropriate evidence to provide a reasonable basis for our 
findings and conclusions based on our audit objectives. We believe that 
the evidence obtained provides a reasonable basis for our findings and 
conclusions based on our audit objectives. 


 
NRC issues licenses for commercial nuclear power reactors to operate for 
up to 40 years and allows these licenses to be renewed for up to an 
additional 20 years.11 There is no set limit on the number of times a 
reactor’s operating license can be renewed. Most of the nation’s 102 
operating commercial nuclear power reactors received their initial 
operating licenses in the 1970s and 1980s.12


                                                                                                                     
11The decision to seek license renewal rests entirely with reactor owners and, according 
to NRC documents, is typically based on the reactor’s economic situation and whether it 
can meet NRC requirements. 


 By the end of 2013, 64 
reactors will have held an operating license for at least 30 years, and of 
these reactors, 20 will have held an operating license for 40 years or 
more (see fig. 1). As a result, many reactors are reaching or have 
reached the end of their initial 40-year operating period. As of May 2013, 
NRC had renewed 73 reactor licenses and was reviewing license renewal 
applications for 14 reactors. 


12One reactor received its operating license in 1969, and 6 reactors received their 
operating licenses in the 1990s, with the last of those reactors receiving its operating 
license in 1996. The other 95 reactors received their operating licenses from 1970 through 
1989. Appendix II lists, for each of the nation’s operating reactors, the date of their initial 
operating license, their license renewal status, and the date their current license is set to 
expire.  


Background 







 
  
 
 
 


Page 6 GAO-13-493  NRC’s License Renewal Process 


Figure 1: Operating Commercial Nuclear Power Reactors and Their License Renewal Status as of May 2013 


 
 
Note: In February 2013, the owner of the Crystal River Nuclear Plant in Florida permanently shut 
down that site’s reactor and, in May 2013, the owner of the Kewaunee Power Station in Wisconsin 
permanently shut down that site’s reactor. These actions reduced the number of operating 
commercial nuclear power reactors in the United States from 104 to 102. The Kewaunee reactor was 
one of the 73 reactors with an operating license renewed by NRC. As a result, as of May 2013, there 
are 72 commercial nuclear power reactors with renewed operating licenses operating in the United 
States. 
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NRC has used its documented license renewal process for commercial 
nuclear reactors since the first license renewal application was submitted 
in 1998. The process begins when a reactor owner submits an application 
to NRC to renew its operating license (see fig. 2).13 The application must 
include two evaluations: (1) a safety review on the aging of certain 
systems, structures, and components and a description of the programs 
the applicant plans to use to manage the negative effects of aging during 
the reactor’s extended operating-life and (2) an environmental review on 
the potential environmental impacts if the reactor operates for another 20 
years. NRC staff review the application through audits and by requesting 
additional information from applicants to address any staff questions.14


                                                                                                                     
13According to NRC regulations, a reactor owner may apply to renew its operating license 
as early as 20 years before expiration of the current license, 10 C.F.R. § 54.17(c) (2013). 
There is no limit on how late a reactor owner can apply for license renewal. However, 
according to NRC regulations, if a reactor owner files a license renewal application that is 
sufficient for NRC’s review at least 5 years before expiration of its existing license, and the 
agency is reviewing the application at the end of the 5 years, the reactor’s operating 
license will not be deemed to have expired until NRC has reached a final determination on 
its application, 10 C.F.R. § 2.109(b) (2013). If a sufficient application is not submitted at 
least 5 years before the current license expires, and the current license expires before the 
review has been completed, the reactor will have to cease operations unless an 
exemption to 10 C.F.R. § 2.109(b) is granted. 


 
Agency staff also verify through inspections that applicants meet license 
renewal requirements and have implemented programs and activities 
consistent with their application and NRC’s safety review. The public may 
submit comments and attend meetings at several points during the 
license renewal process. In addition, a person whose interest may be 
affected by the renewal can file a written request for a hearing or a 
petition for leave to intervene in the renewal of the license, and those 
challenges may be litigated in a public hearing before NRC’s Atomic 
Safety and Licensing Board if certain requirements are met. ACRS—an 
independent body of nuclear, engineering, and safety experts appointed 
by the NRC Commissioners—reviews the NRC staff’s final safety report 


14According to NRC documents, agency staff uses requests for additional information to 
obtain the information they need to make a regulatory decision that is fully informed, 
technically correct, and legally defensible. Requests for additional information are 
necessary when the information was not included in an applicant’s initial submission, is 
not contained in any other docketed correspondence, or cannot reasonably be inferred 
from the information available to agency staff. For example, according to NRC officials, 
agency staff use requests for additional information during the environmental review to 
look for new or updated information on the issues they are reviewing as part of the license 
renewal process.  
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and inspection findings and makes a recommendation as to whether or 
not a license renewal application should be approved. 


Figure 2: Key Steps of NRC’s License Renewal Process for Nuclear Power Reactors 
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Once agency staff reviews are finalized, ACRS has made its 
recommendation, and any Atomic Safety and Licensing Board hearings 
are completed, NRC makes a final determination on whether or not to 
renew a reactor’s operating license. According to NRC documents, the 
agency generally expects to complete a license renewal review within 22 
months of an application’s submission, if there is not a public hearing. If 
there is a public hearing, the agency generally expects a license renewal 
review to be completed within 30 months. If NRC renews a reactor’s 
operating license, agency staff perform an additional inspection to verify 
that the reactor owner has implemented the commitments, license 
conditions, and aging management programs it agreed to during the 
license renewal process. The inspection typically happens prior to a 
reactor operating beyond its initial 40-year operating period. 


In September 2007, NRC’s OIG issued an audit report detailing its 
findings on NRC’s license renewal safety reviews.15 Overall, the OIG 
found that NRC had developed a comprehensive license renewal process 
but identified eight recommendations for improvement. In particular, the 
OIG recommended that NRC establish report-writing standards for 
agency staff describing the license renewal review methodology and 
supporting the conclusions in license renewal reports. The OIG also 
recommended that the agency establish requirements and management 
controls to standardize the depth and conduct of license renewal reviews 
of plant-specific operating experience. According to the OIG report, 
reviews of plant-specific operating experience are important for license 
renewal decisions because they can help identify lessons learned for 
detecting and monitoring the negative effects of aging on components, as 
well as appropriate actions that may be taken to address these issues. 
NRC staff agreed to implement both of these recommendations along 
with five of the OIG’s other recommendations and took steps to 
implement them.16


                                                                                                                     
15OIG-07-A-15. 


 In 2010, the OIG determined that NRC had adequately 
addressed each recommendation it had agreed to implement. We 
reviewed NRC reports for license renewal applications that were audited 
and approved for license renewal after the agency put revised guidance 
into effect in 2009 to address the OIG’s recommendation on standardizing 


16The OIG’s eighth recommendation was directed to the NRC Commissioners. According 
to NRC documents, the OIG closed this recommendation in 2008.  
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the depth and conduct of plant-specific operating experience reviews.17 
We determined the NRC reports documented that agency staff generally 
followed the revised guidance during on-site audits for those license 
renewal applications.18


 


 


The scope of NRC’s license renewal process focuses on managing the 
negative effects of aging on the reactor and its associated systems, 
structures, and components, as well as assessing the potential 
environmental impacts of extending a reactor’s operating-life. This scope 
is reflected in the two reviews that comprise NRC’s license renewal 
process. NRC evaluates license renewal applications through two parallel 
staff reviews—one focused on safety issues and one focused on the 
potential environmental impacts of extending a reactor’s operating life.19 
NRC has focused the license renewal safety review primarily on whether 
the applicant has proposed programs that will adequately manage the 
negative effects of aging on certain nonmoving, long-lived parts, such as 
piping, structural supports, and cables.20


                                                                                                                     
17Specifically, we assessed whether NRC audit and safety evaluation reports documented 
that agency staff followed NRC’s revised guidance during onsite license renewal audits to 
(1) independently search applicant records for potential operating experience issues, (2) 
examine the results of this search to find issues concerning aging degradation, and (3) 
determine whether the applicant appropriately considered these issues in its license 
renewal application. We reviewed NRC reports for the seven license renewal applications 
that were audited and approved for license renewal after NRC put its revised guidance 
into effect in April 2009: Columbia Generating Station, Cooper Nuclear Station, Duane 
Arnold Energy Center, Hope Creek Generating Station, Kewaunee Power Station, Palo 
Verde Nuclear Generating Station, and Salem Nuclear Generation Station.  


 NRC includes three categories 


18We did not evaluate the adequacy or the substance of NRC staff reviews or the quality 
of the agency’s procedures. 
19NRC requirements for license renewal, including requirements related to safety, are 
codified in 10 C.F.R. pt. 54. NRC first promulgated these requirements in 1991. Based on 
lessons learned from a demonstration program, NRC amended the requirements in 1995. 
In particular, the agency clarified the requirements to focus on managing the negative 
effects of aging. NRC environmental review procedures, applicable to license renewal 
among other things, are codified in 10 C.F.R. pt. 51, along with the agency’s regulations 
for implementing the National Environmental Policy Act. NRC amended these regulations 
in 1996 to establish requirements specific to the license renewal stage, including the 
agency’s findings on the potential environmental impacts of license renewal. 
20Nonmoving parts are passive structures and components that perform their intended 
functions without moving parts or without a change in configuration or properties, such as 
piping, structural supports, and cables. Long-lived parts are those structures and 
components that are not subject to replacement based on a qualified life or specified time 
period, as set forth in 10 C.F.R. § 54.21 (a)(1)(ii).  


Scope of NRC’s 
License Renewal 
Process Focuses on 
Managing Aging and 
Assessing Potential 
Environmental 
Impacts 
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of systems, structures, and components within the scope of the license 
renewal process: (1) those that are safety-related; (2) those that are not 
safety-related, but whose failure could affect safety-related functions; and 
(3) those that are relied on in safety analyses or plant evaluations to 
perform a function that demonstrates compliance with specific NRC 
regulations. Similarly, NRC has focused its license renewal environmental 
review on assessing a defined set of potential environmental impacts of 
license renewal. Specifically, a number of issues are evaluated 
generically for all reactors, rather than separately in each reactor’s 
application. Other issues are evaluated through site-specific reviews of 
the environmental impacts of license renewal and, according to NRC 
documents, follow the agency’s National Environmental Policy Act 
regulations.21


Because license renewal reviews are not as broad as the reviews NRC 
conducts during a reactor’s initial licensing, a number of topics, such as 
security and emergency planning, are not considered during the license 
renewal process.


 


22 According to NRC documents, the scope of the 
license renewal process is based on two key principles: (1) that the 
agency’s ongoing regulatory processes are adequate to ensure that all 
currently operating reactors are operated safely within their licensing 
bases now and will continue to be in the future, with the possible 
exception of the negative effects of aging on certain passive, long-lived 
components; and (2) that, in addition to requirements for aging 
management, the manner in which these reactors are currently 
maintained will be similarly maintained beyond the original 40-year 
operating period. As a result, according to agency documents, NRC has 
determined that it does not need to evaluate license renewal applications 
against the full range of safety requirements considered during a reactor’s 
initial licensing. Instead, it can focus its review on how the negative 
effects of aging on certain components will be managed in the years after 
a reactor’s original 40-year operating period.23


                                                                                                                     
2110 C.F.R. pt. 51 (2013).  


 For example, risks of 


22According to NRC officials, safety-related concerns that fall outside the scope of the 
license renewal process are to be addressed under other NRC regulations, which apply 
on an ongoing basis, including during the license renewal period.  
23NRC, Foundation for the Adequacy of the Licensing Bases: A Supplement to the 
Statement of Considerations for the Rule on Nuclear Power Plant License Renewal (10 
C.F.R. Part 54), NUREG-1412 (Washington, D.C.: 1991). 
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seismic events such as earthquakes are not explicitly covered in the 
license renewal safety review because NRC considers these to be 
ongoing safety matters that are addressed at all reactors. According to 
NRC documents, if new seismic information was identified, NRC would 
act on that information through its ongoing regulatory processes, 
regardless of whether a reactor had received a renewed operating license 
or not. For example, after it was determined that the potential risk posed 
by earthquake hazards for some nuclear power reactors in the central 
and eastern United States might be larger than previously estimated, 
NRC initiated a program to examine the implications of the new seismic 
hazard estimates for reactors operating in those regions of the country.24


 


 


NRC has regularly updated its safety review guidance for the license 
renewal process by formally revising key documents on a periodic basis 
and by issuing interim staff guidance on selected safety issues between 
revisions, but it has not revised most of the environmental review 
regulations and guidance since their original issuance. In 2001, the 
agency issued its original safety review guidance, including a standard 
review plan for each element of the safety review25 and a technical report 
that documents the staff’s generic evaluation of aging management 
programs and provides the technical basis for determining whether 
applicant programs are adequate for the extended period of operation 
authorized by a renewed license.26


                                                                                                                     
24NRC, Implications of Updated Probabilistic Seismic Hazard Estimates in Central and 
Eastern United States, Generic Issue 199 (Washington, D.C.: June 9, 2005). 


 NRC has revised these guidance 
documents twice—in 2005 and 2010—to reflect lessons learned during 
previous license renewal reviews and new operating experience 
information. Additionally, NRC has issued interim updates to its safety 


25NRC, Standard Review Plan for Review of License Renewal Applications for Nuclear 
Power Plants, NUREG-1800 (Washington, D.C.: July 2001). 
26NRC, Generic Aging Lessons Learned (GALL) Report, NUREG-1801 (Washington, 
D.C.: July 2001).  


NRC Has Regularly 
Updated Its Safety 
Review Guidance but 
Has Not Revised Most 
of Its Environmental 
Review Guidance 







 
  
 
 
 


Page 13 GAO-13-493  NRC’s License Renewal Process 


review guidance for selected safety issues between formal revisions.27 
For example, since the last revision of the safety review guidance in 
2010, NRC has issued four final interim guidance documents that have 
updated the agency’s guidance on such topics as an acceptable 
approach for managing the negative effects of aging on buried and 
underground piping and tanks.28


In contrast, NRC has not revised most of the environmental review 
regulations and guidance for the license renewal process since those 
documents were first issued starting 17 years ago.


 Interim guidance updates are then 
integrated into the safety review guidance during the next formal revision. 
According to NRC officials, the agency does not wait for guidance 
updates to be finalized to address new issues; NRC staff are expected to 
address such issues as they are identified for applications currently under 
review and future applications, typically through requests for additional 
information. 


29


                                                                                                                     
27NRC’s license renewal interim staff guidance process allows agency staff, industry, and 
stakeholders to propose changes to certain license renewal guidance documents. 
According to NRC documents, the process is meant to capture and communicate new 
insights, lessons learned, and emergent issues with each renewed license. NRC staff are 
expected to evaluate proposed guidance changes, develop draft interim staff guidance, 
issue the draft interim staff guidance for public comment, evaluate any comments 
received, and, if necessary, issue final interim staff guidance. Once approved, the final 
interim staff guidance supersedes prior guidance and is incorporated by NRC staff into a 
formal license renewal guidance document revision. NRC expects agency staff to follow 
the new guidance when reviewing license renewal applications and expects current and 
future applicants to address the new guidance in the license renewal process. Reactor 
owners with previously-renewed licenses may voluntarily use interim staff guidance. The 
interim staff guidance process applies to both the license renewal safety review guidance 
and portions of the environmental review guidance.  


 In 1996, in 
anticipation of the first license renewal applications, NRC published a 
generic environmental impact statement that examined the potential 


28According to NRC officials, almost all interim guidance issued for the license renewal 
process has been updates to the safety review guidance and not the environmental review 
guidance because new information develops at a faster rate for safety issues than for 
environmental issues. In addition, NRC officials told us they believe the agency’s license 
renewal environmental review is a continuous learning process that uses staff evaluations 
of applicant-provided information, information in agency guidance, and the staff’s 
independent review to probe more deeply into environmental issues. In the officials’ view, 
this process results in continuous improvement in license renewal environmental reviews 
such that the use of interim staff guidance for environmental issues would be redundant.  
29NRC amended its environmental review regulations and guidance in 1999, expanding 
the agency’s generic findings about the environmental impacts resulting from the 
transportation of fuel and waste to and from a single nuclear power plant.  
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environmental impacts of renewing reactor operating licenses.30 In the 
generic environmental impact statement, NRC identified the 92 potential 
environmental issues it considered relevant to license renewal. The 
agency analyzed those potential issues and determined which ones it 
believed could be treated generically in applicant environmental reports 
and NRC environmental reviews and which ones would require additional 
site-specific analysis by both applicants and NRC.31 Later that same year, 
NRC promulgated regulations that incorporated the findings from its 
generic environmental impact statement and defined the number and 
scope of environmental issues that applicants and NRC would have to 
address during license renewal reviews.32


                                                                                                                     
30NRC, Generic Environmental Impact Statement for License Renewal of Nuclear Plants: 
Main Report, NUREG-1437, Volume 1 (Washington, D.C.: May 1996). The generic 
environmental impact statement is the technical basis for the environmental issues and 
findings codified in Appendix B to Subpart A of 10 C.F.R. pt. 51. NRC’s license renewal 
interim staff guidance process does not apply to NRC’s generic environmental impact 
statement findings incorporated into the regulation, as regulations can only be changed 
through the federal rulemaking process. 


 Based on these 1996 


31Of the 92 potential environmental issues that NRC identified as relevant to license 
renewal, the agency determined that 69 issues could be treated generically in applicant 
environmental reports and NRC environmental reviews without additional site-specific 
analysis unless agency staff found new and significant information on those issues as part 
of license renewal reviews. NRC categorized potential environmental issues as generic, or 
category 1, issues if the agency found the issues met three criteria: (1) the environmental 
impacts associated with the issue applied to either all reactors or, for some issues, to 
reactors having a specific type of cooling system or other specified reactor or site 
characteristics; (2) a single significance level (small, moderate, or large) had been 
assigned to the impacts, except for collective off-site radiological impacts from the fuel 
cycle and from high-level waste and spent fuel disposal; and (3) NRC analyzed the 
mitigation of the adverse impacts associated with the issue and determined that additional 
site-specific mitigation measures were unlikely to be sufficiently beneficial to warrant 
implementation. NRC further provided that the generic analysis of the issue may be 
adopted in a site-specific review and associated supplemental environmental impact 
statement, such that NRC could elect to conduct a site-specific review of the issue if 
warranted. NRC determined that the remaining 23 potential environmental issues relevant 
to license renewal did not meet all three criteria and would require additional site-specific 
analysis. The agency categorized 21 of these potential environmental issues as category 
2 issues and left the remaining two issues—environmental justice and chronic effects of 
electromagnetic fields—uncategorized. 
32NRC, Environmental Review for Renewal of Nuclear Power Plant Operating Licenses, 
61 Fed. Reg. 28,467 (June 5, 1996), codified at 10 C.F.R. pt. 51, subpt. A, app. B. 
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documents,33 in 1999, NRC issued a standard review plan for agency 
staff to use in conducting environmental reviews34 and, in 2000, a guide 
for applicants outlining the information to include in their license renewal 
environmental reports.35


In its 1996 regulations, NRC established the goal of reviewing its generic 
environmental impact statement findings every 10 years and updating its 
environmental review regulations and guidance, if necessary.


 


36 NRC 
further stated in an explanatory statement published with the regulations 
that it intended to begin reviews about 7 years after the latest version of 
the regulations was issued.37 Consistent with this intent, in 2003, NRC 
initiated the process to update its generic environmental impact report, 
the first step to determine if revisions would be needed to the license 
renewal environmental review regulations and guidance.38


                                                                                                                     
33NRC promulgated amendments to the regulations in 1996 (clarifying changes and 
corrections),1997 (minor corrections), 1999 (expanding the generic findings about the 
environmental impacts due to transportation of fuel and waste to and from a single nuclear 
power plant), and 2001 (minor correction). 


 However, 
according to NRC documents, after soliciting public comments on the 
rulemaking, the agency put the revision process on hold for 2 years due 
to limited staff resources and competing demands on those resources. 
Specifically, NRC officials told us the agency postponed the revision 
process because it decided that completing the large number of licensing 
actions under consideration at that time—including 16 license renewal 
reviews—was a higher priority than updating the license renewal 


34NRC, Standard Review Plan for Environmental Reviews for Nuclear Power Plants–
Supplement 1: Operating License Renewal, NUREG-1555, Supplement 1 (Washington, 
D.C.: October 1999). 
35NRC, Preparation of Supplemental Environmental Reports for Applications to Renew 
Nuclear Power Plant Operating Licenses, Supplement 1 to Regulatory Guide 4.2 
(Washington, D.C.: September 2000). 
3661 Fed. Reg. at 28,468. 
3761 Fed. Reg. at 28,468. 
38NRC, Notice of Intent To Prepare an Environmental Impact Statement for the License 
Renewal of Nuclear Power Plants and To Conduct Scoping Process, 68 Fed. Reg. 33,209 
(June 3, 2003).  







 
  
 
 
 


Page 16 GAO-13-493  NRC’s License Renewal Process 


environmental review regulations.39 NRC restarted the revision process in 
2005.40


Four years later, in 2009, the agency published proposed revisions for its 
license renewal environmental review regulations.


 


41 According to NRC 
officials, it took the agency 4 years to prepare the proposed revisions due 
to the unusually large number of technical issues that needed review as 
part of the rulemaking process, the large number of industry and public 
comments, the number of guidance documents that needed to be 
updated, and competing demands on staff resources from additional 
license renewal reviews. From 2010 to 2012, after re-evaluation based on 
public comment and other factors, NRC staff made further changes to the 
language in the proposed regulations and made related changes to its 
environmental review guidance. In April 2012, NRC staff submitted 
proposed revisions in a rulemaking package to the NRC Commissioners 
for approval.42


The April 2012 proposed revisions would redefine the number and scope 
of environmental issues the agency must address during its 
environmental reviews based on lessons learned and knowledge gained 


 


                                                                                                                     
39According to NRC officials, license renewal reviews were priority work because of the 
importance of maintaining a stable and predictable regulatory process for reactor owners 
seeking timely review and processing of their license renewal applications. 
40NRC, Notice of Extension of the Public Comment Period for Scoping Process To 
Prepare an Environmental Impact Statement for the License Renewal of Nuclear Power 
Plants, 70 Fed. Reg. 57,628 (Oct. 3, 2005). 
41NRC, Proposed Rule, Revisions to Environmental Review for Renewal of Nuclear Power 
Plant Operating Licenses, 74 Fed. Reg. 38,117 (July 31, 2009). Concurrent with 
publication of the proposed rule revisions, NRC published for comment the draft revised 
generic environmental impact statement and proposed revisions to associated guidance 
(Regulatory Guide 4.2, Supplement 1, Preparation of Environmental Reports for Nuclear 
Power Plant License Renewal Applications, and Environmental Standard Review Plan, 
Standard Review Plans for Environmental Reviews for Nuclear Power Plants, Supplement 
1: Operating License Renewal). 
42Also, in conjunction with a January 2012 briefing to the NRC Commissioners, NRC staff 
publicly released a “preliminary draft final” revision to the environmental review regulations 
pertaining to license renewals but did not accept public comment. 
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from previous license renewal reviews.43


• consolidate related environmental issues that were considered 
separately in the 1996 environmental review regulations and 
guidance; 


 Among other things, the 
revisions would 


• add several new environmental issues that would be treated 
generically in applicant environmental reports and NRC environmental 
reviews, such as the effects of dredging on water quality and the 
exposure of aquatic and terrestrial organisms to radionuclides; and 


• add two new environmental issues that would require site-specific 
analysis—(1) the potential impact on groundwater quality from the 
inadvertent discharge of radionuclides into groundwater from reactor 
systems, piping, and tanks and (2) the cumulative impacts of 
continued reactor operations during a reactor’s extended operating-
life. 


In addition, according to NRC documents, the agency has committed to 
developing site-specific analyses for each license renewal review of the 
potential cumulative impacts of greenhouse gas emissions and global 
climate change during a reactor’s extended operating-life.44


In December 2012, the NRC Commissioners approved the rule revisions 
but directed agency staff to make additional changes, including removing 


 


                                                                                                                     
43Based on the April 2012 proposed rule revision, NRC would not eliminate any of the 92 
environmental issues established in the 1996 environmental review regulations and 
guidance but would consolidate and group some issues together based on similarities. As 
a result, the revisions would address 78 environmental issues, 60 of which would be 
treated generically in applicant environmental reports and NRC environmental reviews, 17 
of which would require site-specific analysis, and 1 which would remain uncategorized and 
not require site-specific analysis.  
44According to an NRC document, starting in 2008, NRC began to evaluate the effects of 
greenhouse gas emissions and its implications for global climate change in its site-specific 
environmental reviews for license renewal applications. In 2009, the NRC Commissioners 
directed agency staff to consider carbon dioxide and other greenhouse gas emissions in 
their environmental reviews for licensing actions. NRC included an analysis of greenhouse 
gas impacts in the final revised generic environmental impact statement but did not 
include this issue in its April 2012 revisions to the regulations. NRC will not require license 
renewal applicants to provide information pertaining to greenhouse gas emissions and 
climate change in their environmental reports, according to a NRC document, except as 
needed in cumulative impact assessments. However, NRC staff will be directed to develop 
a site-specific analysis for each license renewal review of the impacts caused by 
greenhouse gas emissions and climate change related to extending a reactor’s operating-
life. 
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references to the NRC Waste Confidence Decision Update and Rule. The 
Waste Confidence Decision Update and Rule considers the storage of 
spent fuel after a reactor ceases operation, and it was vacated by the 
U.S. Court of Appeals in June 2012. According to NRC officials, as of 
March 2013, agency staff were making these changes and planned to 
submit a final package of revisions to the NRC Commissioners and then 
to the Federal Register in May 2013.45


While the agency’s environmental reviews continue to follow regulations 
issued mostly in 1996 and guidance issued based on those regulations, 
NRC staff are expected to apply and document the lessons learned and 
knowledge gained from previous license renewal environmental reviews 
as part of the agency’s ongoing environmental reviews, according to NRC 
officials.


 Until the rule revisions are 
finalized, however, the original versions of NRC’s license renewal 
environmental review regulations and guidance in large part remain in 
effect. 


46


                                                                                                                     
45Per the April 2012 rule revisions as approved by the NRC Commissioners, the finalized 
regulations would go into effect 30 days after they are published in the Federal Register, 
and license renewal applicants who submit license renewal applications a year or more 
after the publication date would be required to comply with the updated regulations. 


 NRC requires reactor owners to include in their applications 
any new and significant information of which the owner is aware 
concerning the potential environmental impacts of renewing their license. 
In addition, NRC procedures direct agency staff to look for new and 
significant information about environmental issues and to consider this 


46According to NRC officials, this includes agency staff addressing and documenting new 
issues, as appropriate, through NRC’s environmental reviews and corresponding requests 
for additional information, whether or not the issues have been incorporated into the 
license renewal environmental review regulations and guidance. 
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information in reviewing license renewal applications.47 According to NRC 
documents, the agency considers information to be new and significant if 
(1) it involves a significant environmental issue that was not covered in 
the agency’s generic environmental impact statement or (2) the 
information was not considered in that document’s analysis and it leads to 
an impact finding that is different from the finding in the generic 
environmental impact statement.48 As of March 2013, according to NRC 
officials, the agency has never identified information during its license 
renewal environmental reviews that it considers both new and significant 
using this definition.49 During our review of NRC review records for 
selected license renewal applications, we confirmed that NRC’s final 
supplemental environmental impact statements documented actions 
agency staff had taken to consider whether, according to NRC’s 
definition, there was new and significant information on environmental 
issues.50


                                                                                                                     
47According to NRC guidance, agency staff are expected to determine if there is new 
information on environmental issues as part of each license renewal environmental 
review. If the staff’s search identifies new information on an environmental issue, then 
they are expected to evaluate the information to determine if it is also “significant” under 
NRC’s definition. If agency staff deem the new information to be significant, then 
additional steps are required to evaluate the information. If agency staff deem the new 
information to not be significant, then they do not analyze the information further in the 
supplemental environmental impact statement associated with the license renewal 
application under review. In this situation, NRC staff are expected to include a section in 
the supplemental environmental impact statement that (1) describes the search for new 
information on the specific environmental issue, (2) summarizes any new information the 
staff identified, (3) presents the staff’s evaluation of the significance of the information, and 
(4) adopts the conclusions in NRC’s generic environmental impact statement for that 
issue. 


 The final reports we reviewed indicated that agency staff had 
considered whether new information existed but determined that none of 


48NRC designates the significance of potential environmental impacts as small, moderate, 
or large. The agency designates the significance of a potential environmental impact as 
small if its environmental effects are not detectable or are so minor that they will neither 
destabilize nor noticeably alter any important attribute of the resource. NRC designates 
the significance of a potential environmental impact as moderate if its environmental 
effects are sufficient to alter noticeably, but not to destabilize, important attributes of the 
resource. The agency designates the significance of a potential environmental impact as 
large if its environmental effects are clearly noticeable and are sufficient to destabilize 
important attributes of the resource.  
49According to NRC officials, agency staff have identified some information they 
considered “new” but not “significant,” such as the issue of radionuclides in groundwater.  
50We did not evaluate the adequacy or the substance of NRC staff actions. 
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the information they considered was both new and significant under 
NRC’s definition. 


According to NRC’s principles of good regulation, regulations should be 
based on the best available knowledge from research and operational 
experience, and the agency’s strategic plan states that regulatory 
guidance should be kept up-to-date. Because NRC has not finalized the 
updates to its license renewal environmental review regulations and 
guidance, however, the agency’s environmental reviews for the 73 license 
renewals approved to date were made under the regulations originally 
issued in 1996, as amended and supplemented in 1999, and guidance 
issued based on those regulations. NRC officials told us that agency staff 
are to consider and document new information on environmental issues 
as part of each license renewal environmental review. However, the 
agency’s use of regulations originally issued in 1996 and guidance based 
on those regulations has created the impression, among some, that NRC 
is relying on outdated environmental information. For example, several 
representatives of public interest groups told us they believe NRC’s delay 
in revising its environmental review regulations and guidance means the 
agency is using outdated information in its license renewal reviews. In 
addition, according to NRC’s principles of good regulation, regulations, 
once established, should be perceived to be reliable. The prolonged 
presence of draft revisions to NRC’s environmental review regulations 
and guidance alongside current regulations and guidance can create 
uncertainty for license renewal applicants. For example, some industry 
representatives we interviewed said NRC’s delay in finalizing the 
revisions after proposed revisions were published in 2009 had created 
some uncertainty about what information reactor owners would have to 
provide and which version of the guidance they would be held to by NRC 
staff during their environmental review. 
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NRC generally followed its documented procedures when reviewing 
selected safety and environmental elements in the eight license renewal 
applications we reviewed.51 Specifically, we reviewed whether NRC 
reports documented that agency staff had followed NRC’s procedures; we 
did not evaluate the adequacy or the substance of NRC’s reviews or the 
quality of its procedures. We found that NRC’s reviews of the following 
safety elements were generally consistent with the agency’s documented 
procedures: (1) scoping and screening, which identifies the systems, 
structures, and components that fall within the scope of the license 
renewal process; (2) aging management for buried piping and tanks; and 
(3) aging management for fire protection. We also found that NRC 
generally followed its documented procedures when conducting its 
reviews of the following environmental elements: (1) assessing whether 
there was new and significant information for two generic environmental 
issues; (2) evaluating applicants’ assessments of the potential 
environmental impacts of two site-specific issues; and (3) evaluating 
applicants’ severe accident mitigation alternatives analyses.52


 


 


NRC generally followed its documented procedures when reviewing 
selected safety elements in the eight license renewal applications we 
reviewed. We did not evaluate the adequacy or the substance of NRC’s 
reviews or the quality of its procedures. As part of our review, we 
examined three elements of the scoping and screening review—an 
evaluation of an applicant’s methodology and results for identifying the 
set of structures and components that are within the scope of license 
renewal and subject to aging management review—and determined that 


                                                                                                                     
51We reviewed a nonprobability sample of eight license renewal applications, the results 
of which are not representative of the entirety of NRC’s reviews. Thus, our results are not 
generalizable to all license renewal reviews but provide examples of safety and 
environmental review elements that NRC reviewed as part of its license renewal process 
for these applications. See appendix III for additional information regarding the 
characteristics of the nuclear power reactors included in our review. 
52To facilitate its environmental reviews, NRC regulations establish its findings on 
environmental issues for license renewal. See 10 C.F.R. pt. 51, subpt. A, app. B. A subset 
of these issues are labeled “category 1” and have been determined (1) to apply to either 
all reactors or those reactors having similar characteristics; (2) have a specific significance 
level of impact on the environment; and (3) do not warrant the implementation of site-
specific efforts to mitigate any potentially adverse impacts. If no new and significant 
information is identified for these category 1 issues, then they are not required to be 
evaluated on a site-specific basis as part of the license renewal process. 
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NRC staff generally followed the agency’s documented procedures for 
reviewing these elements: 


• Scoping and screening methodology: According to NRC’s 
documented procedures,53


• Plant-level scoping results: According to the procedures,


 NRC staff are expected to review, among 
other things, the applicant’s scoping and screening methodology to 
determine whether it is sufficiently comprehensive to identify the 
systems, structures, and components that are within the scope of 
license renewal and the structures and components requiring an 
aging management review. We found that NRC staff consistently 
followed the agency’s documented procedures for reviewing the 
scoping and screening methodology sections for each of the eight 
license renewal applications we reviewed. 


54


• Scoping and screening inspection: As part of the license renewal 
process, NRC inspectors are expected to conduct a scoping and 
screening inspection, through on-site reviews and walk-downs of 
selected areas, to verify that the applicant has adequately identified 
and documented all the systems, structures, and components as 
required. Further, the NRC inspectors are to verify that there is 
reasonable assurance that the applicant has adequately documented 
all the identified passive and long-lived systems, structures, and 
components requiring an aging management review. According to our 
review, NRC staff consistently followed the agency’s documented 


 NRC staff 
are expected to also verify the applicant’s scoping results to 
determine if the applicant properly identified the systems, structures, 
and components that fall within the scope of license renewal. To do 
so, NRC staff review selected systems, structures, and components 
that the applicant did not identify in the scoping results to verify that 
those systems, structures, and components do not have any functions 
covered under the license renewal requirements. We found that NRC 
staff consistently followed the agency’s documented procedures for 
reviewing the plant-level scoping results sections for each of the eight 
license renewal applications we reviewed. 


                                                                                                                     
53NRC, Standard Review Plan for Review of License Renewal Applications for Nuclear 
Power Plants, NUREG-1800, Initial Report (Washington, D.C.: July 2001), 2.1-1 and NRC, 
Standard Review Plan for Review of License Renewal Applications for Nuclear Power 
Plants, NUREG-1800, Revision 1 (Washington, D.C.: September 2005), 2.1-1. 
54NUREG-1800, Initial Report (2001), 2.2-1 and NUREG-1800, Revision 1 (2005), 2.2-1.  
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procedures55 for the scoping and screening inspections for three of 
the eight license renewal applications included in our sample. 
However, we found that NRC staff reviews were partially consistent in 
following the agency’s documented procedures for the five remaining 
license renewal reviews. Specifically, we did not identify explicit 
references in NRC inspection reports or final safety reports that 
documented that agency staff had followed a procedure to include 
certain components in their inspection sample while conducting their 
scoping and screening inspection reviews for Columbia, Millstone Unit 
3, Pilgrim, Shearon Harris, and Wolf Creek. According to NRC 
officials, agency staff did not explicitly state in their reports that they 
had included the specific components in their inspection sample, but 
that those components were part of the staff’s inspections.56


We also examined the consistency of NRC’s reviews with the agency’s 
documented procedures for another safety element of the license renewal 
process: aging management program inspections. Per agency guidance, 
NRC staff are expected to conduct aging management inspections during 
the license renewal review to verify that the systems, structures, and 
components the applicant has identified as being subject to an aging 
management review already have, or will have, aging management 
programs. During the inspections, NRC staff also are to verify that the 
current and planned aging management programs will ensure that the 
negative effects of aging will be managed so that there is reasonable 
assurance that the intended functions of the systems, structures, and 
components will be maintained as the reactor continues to operate 
beyond its original operating license. According to our review, the aging 
management program inspections for Columbia and Monticello were 


 


                                                                                                                     
55NRC, License Renewal Inspection, Inspection Procedure 71002 (Washington, D.C.: 
September 2000), 3 and NRC, License Renewal Inspection, Inspection Procedure 71002, 
Revision 1 (Washington, D.C.: February 2005), 2.  
56In response to our review, NRC officials told us they have begun an evaluation of 
whether specific guidance is needed to provide additional clarity for agency staff in 
documenting license renewal inspections. Specifically, agency officials said our review 
results indicate that license renewal inspection reports may not contain a level of 
documentation that is descriptive and explicit enough for a reader to understand what 
inspection objectives were completed. NRC officials stated that, as a first step, they have 
performed an assessment of the agency’s guidance for documenting inspection results. 
Next, NRC officials plan to review prior license renewal inspection reports to determine if 
those reports provide at least the same level of documentation provided by other types of 
NRC inspection reports. Agency officials estimated they would complete this evaluation by 
the end of 2013. 
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consistent with agency procedures.57 However, we found that the NRC 
reviews for the other six license renewal applications were partially 
consistent with the agency’s documented procedures. Specifically, we did 
not identify explicit references in the NRC inspection reports or final 
safety reports that documented that NRC staff had (1) consistently 
conducted interviews with site staff or (2) the opportunity to perform part 
of their walk-downs during a reactor outage while conducting their aging 
management reviews and program inspections for Duane Arnold, 
Millstone Unit 3, Pilgrim, Shearon Harris, Virgil C. Summer, and Wolf 
Creek.58 According to NRC officials, the reports did not explicitly state that 
interviews were conducted for all of the aging management reviews and 
program inspections, but that the agency staff interviewed the site staff in 
charge of each aging management program as part of their inspections. 
In addition, NRC officials said that it was not always possible to conduct a 
walk-down during unit outages for some of the reactors we reviewed. For 
example, NRC staff could not conduct walk-downs during unit outages for 
Duane Arnold, Shearon Harris, Millstone Unit 3, Pilgrim, and Virgil C. 
Summer because the schedules for the inspections and unit outages did 
not align. NRC officials stated that agency staff conducted the walk-
downs during the next scheduled unit outage for the Shearon Harris and 
Virgil C. Summer reactors and documented their review in a separate 
inspection report.59


                                                                                                                     
57Inspection Procedure 71002 (2000), 3 and Inspection Procedure 71002, Revision 1 
(2005), 2.   


 We reviewed the separate inspection reports for both 
Shearon Harris and Virgil C. Summer and confirmed that agency staff 
documented that they had conducted the walk-downs during the next unit 
outage. 


58According to NRC documents, NRC staff are not required to perform part of their walk-
downs during a unit outage. However, the documents state that NRC staff should, if 
possible, conduct a part of this inspection during a unit outage because this will allow for 
visual observation of certain components that are inaccessible during normal reactor 
operations, such as those components located inside containment or in high-radiation 
areas.  
59According to NRC officials, walkdowns similar to those performed at Shearon Harris and 
Virgil C. Summer were not conducted for Duane Arnold, Millstone (Unit 3), and Pilgrim. 
The officials stated that, per agency guidance, walkdowns during unit outages are optional 
for aging management program inspections and that NRC staff are expected to review 
areas not accessible during unit outages as part of other NRC inspections that are done 
outside of the license renewal process. 
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In addition, we examined the consistency of NRC reviews with the 
agency’s documented procedures for two aging management programs—
(1) buried piping and tanks inspection and (2) fire protection—and found 
that NRC’s documented actions for those reviews were generally 
consistent with the agency’s documented procedures. 


• Buried piping and tanks inspection program: The buried piping and 
tanks inspection program relies on preventive measures, frequency of 
pipe excavation, and operating experience to manage the effects of 
the loss of material that forms the pipes and tanks from various types 
of corrosion. In some circumstances, the loss of such material as a 
result of corrosion could lead to radioactive leaks. According to NRC 
documents, the effectiveness of the buried piping and tanks 
inspection program should be verified to evaluate an applicant’s 
inspection frequency and operating experience with buried 
components and ensure that the effects of any potential corrosion 
have not resulted in radioactive leaks from the buried piping or 
tanks.60 From our review, we found that, for seven of the eight license 
renewal applications included in our sample, NRC consistently 
followed the agency’s documented procedures61


                                                                                                                     
60The buried piping and tanks inspection program for the reactors included in our 
nonprobability sample were reviewed by NRC staff using either the 2001 or 2005 versions 
of NRC’s Generic Aging Lessons Learned Report. In December 2010, NRC issued its 
revised Generic Aging Lessons Learned Report, which included updates to the buried 
piping and tanks inspection program. The program is now referred to as the buried and 
underground piping and tanks program.  


 for reviewing an 
applicant’s buried piping and tanks inspection program. The NRC 
review for Millstone Unit 3 was partially consistent with documented 
agency procedures. Of the five steps outlined in NRC’s procedures for 
reviewing an applicant’s buried piping and tanks inspection program, 
agency staff explicitly stated in their audit reports and final safety 
reports that they had followed four of them. However, it was not clear 
whether agency staff consistently followed a fifth procedural step to 
review both plant-specific and industry-wide operating experience as 
part of their review. Specifically, we found references in NRC’s audit 
report and final safety report for the Millstone Unit 3 review that 
agency staff reviewed plant-specific operating experience, but agency 
staff did not explicitly state that they reviewed industry-wide operating 
experience to determine whether lessons learned identified at other 
reactors could be applied to Millstone’s efforts to manage the aging of 


61NUREG-1800, Initial Report (2001), 3.1.3 and NUREG-1800, Revision 1 (2005), 3.1.3.  
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buried piping and tanks. According to NRC officials, it is a standard 
practice for agency staff to review both plant-specific and industry-
wide operating experience. Further, those officials said that NRC 
staff’s audit review plan included plant-specific and industry-wide 
operating experience as areas expected to be reviewed by agency 
staff during the Millstone Unit 3 review. 


• Fire protection program: According to NRC safety review guidance, 
the fire protection program is intended to manage the effects of loss of 
material and cracking, increased hardness, shrinkage, and loss of 
strength on the intended functions for fire protection features and 
components, such as fire barrier penetration seals, fire barrier walls, 
and all fire-rated doors that perform a fire barrier function. NRC staff 
are to review the applicant’s fire protection program to determine 
whether the potential effects of aging are managed by periodic visual 
inspections performed during walk-downs, tests, and engineering 
evaluations to ensure that the capability of the fire protection systems 
will be maintained during the period of the reactor’s extended 
operation. We found that NRC reviews for seven of the eight license 
renewal applications in our sample consistently followed the agency’s 
documented procedures62


 


 for reviewing the applicant’s fire protection 
program. Our review found that the NRC review for Millstone Unit 3 
was partially consistent with agency procedures. Of the five steps 
outlined in NRC’s procedures for reviewing an applicant’s fire 
protection program, agency staff explicitly stated in NRC audit reports 
and final safety reports that they had followed four of them. As with 
the buried piping and tanks inspection program, however, it was not 
clear whether NRC staff consistently followed a fifth procedural step to 
review both plant-specific and industry-wide operating experience for 
the fire protection program as part of the Millstone Unit 3 review 
because agency staff did not explicitly state that they had done so. 
According to NRC officials, it is a standard practice to review both 
plant-specific and industry-wide operating experience. Further, the 
officials said that the NRC staff’s audit review plan included plant-
specific and industry-wide operating experience as areas expected to 
be reviewed by agency staff during the review of the fire protection 
program for Millstone Unit 3. 


                                                                                                                     
62NUREG-1800, Initial Report (2001), 3.1.3 and NUREG-1800, Revision 1 (2005), 3.1.3.  
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We found that NRC generally followed its documented procedures when 
reviewing selected environmental elements for the eight license renewal 
applications included in our sample. We did not evaluate the adequacy or 
the substance of NRC’s reviews or the quality of its procedures. As part of 
our review, we examined selected elements from: (1) NRC’s reviews of 
new and significant information for two generic issues; (2) NRC’s 
evaluation of applicants’ assessments of the potential environmental 
impacts for two site-specific issues; and (3) NRC’s evaluation of the 
applicants’ severe accident mitigation alternatives analyses. 


As part of our review of the consistency of NRC staff evaluations for new 
and significant information with the agency’s documented procedures, we 
examined NRC’s reviews for two generic environmental issues—cold 
shock and gas supersaturation. According to the agency’s 1996 
environmental regulations, reactor owners are to include in their license 
renewal applications any new and significant information they are aware 
of regarding the potential environmental impacts of license renewal. As 
discussed earlier in this report, NRC staff are also expected to look for 
and consider any new and significant information for both generic and 
site-specific environmental issues when conducting their reviews. For 
generic environmental issues, NRC procedures call for agency staff to, 
among other things, review the previous information and conclusions 
reached for each issue and then determine if there is any new 
environmental information that should be considered. If any new 
information is identified, NRC staff are expected to evaluate the 
information to determine whether it changes the agency’s prior 
conclusions about the significance level of the environmental issue. We 
reviewed whether NRC reports documented that agency staff had 
followed NRC’s procedures for evaluating new and significant information 
on cold shock and gas supersaturation. We found that the agency’s 
reviews for cold shock and gas supersaturation were generally consistent 
with the agency’s documented procedures. 


• Cold shock: Cold shock is a form of thermal stress caused by 
exposure to a sudden decrease of water temperature that adversely 
affects the metabolism and behavior of an aquatic organism and can 


NRC Generally Followed 
Its Procedures When 
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of the Applications  
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lead to its death.63 According to its generic environmental impact 
statement for license renewal, NRC has found that cold shock has 
been satisfactorily mitigated at operating nuclear reactors and is not 
expected to be a problem if the reactor operates for another 20 years 
beyond its original operating license. As the issue applies to all 
reactors, NRC has considered it a generic issue that will be evaluated 
further only if new and significant information is identified. We found 
that NRC staff reviews consistently followed the agency’s documented 
procedures64


• Gas supersaturation (gas bubble disease): Gas supersaturation 
occurs when concentrations of dissolved gases in water exceed the 
normal saturation limit. When gas supersaturation occurs, it can lead 
to a condition known as gas bubble disease, which can cause 
swelling and hemorrhaging in the tissues of aquatic organisms that 


 for seven of the eight license renewal applications 
included in our sample. We found that NRC’s review for the Wolf 
Creek application was partially consistent with the agency’s 
documented procedures. Of the five possible procedures to follow 
when conducting a review for new and significant information on cold 
shock, we found that NRC staff consistently followed one procedure, 
and because staff did not identify any new and significant information, 
three other procedures accordingly were not completed. We did not, 
however, see an explicit reference in the source documents we 
reviewed to NRC staff having followed a fifth procedure to search for 
new information related to regulations affecting cooling systems. 
According to NRC officials, agency staff are given flexibility, as 
prescribed by NRC’s environmental standard review plan, in 
conducting their searches for new information, and they also can 
leverage information from other sections of the environmental review 
and associated supplemental environmental impact statement, 
particularly issues related to how the continued operation of the 
reactor will affect land use, water quality, and water use. 


                                                                                                                     
63According to an NRC document, cold shock occurs when organisms that have been 
acclimated to warm water, such as in a nuclear power plant’s discharge canal in winter, 
are exposed to sudden temperature decreases when artificial heating ceases. Such 
situations could occur if a single-reactor plant suddenly shut down in winter or if winds or 
currents shifted a thermal plume occupied by aquatic organisms seeking warm water.  
64NUREG-1555, Supplement 1, 4.1-4. 
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can lead to behavioral abnormalities or death.65 According to NRC’s 
generic environmental impact statement for license renewal, the 
agency has found that gas supersaturation has been satisfactorily 
mitigated across reactors and is not expected to be a problem if a 
reactor operates for another 20 years beyond its original operating 
license. We found that NRC staff consistently followed the agency’s 
documented procedures for seven of the eight license renewal 
applications included in our sample. We found that NRC’s review for 
the Wolf Creek application was partially consistent with the agency’s 
documented procedures.66


As part of our review, we also examined the consistency of NRC staff 
actions with agency procedures for reviews of site-specific environmental 
issues, termed “category 2” issues. These environmental issues differ 
from the generic environmental issues identified by NRC because agency 
regulations preclude a generic determination of potential impacts. For 
these site-specific issues, the license renewal applicant must provide a 


 Of the five possible procedures to follow 
when conducting a review for new and significant information on gas 
supersaturation, we found that NRC staff consistently followed one 
procedure, and because they did not identify any new and significant 
information, accordingly, three other procedures were not completed. 
We did not, however, see an explicit reference in the source 
documents we reviewed to NRC staff having followed a fifth 
procedure to search for new information related to regulations 
affecting cooling systems. According to NRC officials, NRC staff are 
given flexibility, as prescribed by NRC’s environmental standard 
review plan, in conducting their searches for new information, and 
they also can leverage information from other sections of the 
environmental review and associated supplemental environmental 
impact statement, particularly issues related to how the continued 
operation of the reactor will affect land use, water quality, and water 
use. 


                                                                                                                     
65According to an NRC document, rapid heating of water in a nuclear power plant’s 
condenser cooling system decreases the solubility and increases saturation levels of 
dissolved gases. The supersaturation of nitrogen gas could lead to incidents of gas bubble 
disease in the discharge areas of nuclear power plants. Gas bubble disease is a condition 
that occurs when aquatic organisms are exposed to water with high partial pressures of 
certain gases (usually nitrogen) and then subsequently are exposed to water with lower 
partial pressures of the same gases. Dissolved gases (especially nitrogen) within the 
tissues of these organisms may come out of solution and form embolisms, or bubbles, 
within the affected tissues, most noticeably the eyes and fins. 
66NUREG-1555, Supplement 1, 4.1-4. 
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site-specific impact analysis in its environmental report and, per agency 
guidance, NRC staff are expected to perform and document their 
independent review of the issue in a supplemental environmental impact 
statement. Specifically, we examined whether NRC reports documented 
that agency staff had followed NRC’s procedures for two such site-
specific environmental issues: (1) threatened or endangered species and 
(2) off-site land use during operations. 


• Threatened or endangered species: As part of the license renewal 
process, NRC staff are expected to conduct an analysis that 
considers the impacts of a reactor’s continued operations on 
threatened or endangered species and also examines reasonable and 
prudent alternatives for avoiding or reducing potentially adverse 
impacts.67 NRC procedures call for agency staff to, among other 
things, review potential site-specific impacts of continued operations 
on threatened or endangered species and determine whether any 
potential environmental impacts may have adverse effects on those 
species or critical habitat. If any potential site-specific effects are 
identified, then NRC staff are expected to consult with relevant federal 
agencies and, if necessary, initiate a biological assessment to 
address how those species or critical habitat may be affected. We 
found that NRC reports documented that agency staff consistently 
followed NRC’s documented procedures68


• Off-site land use during operations: According to NRC regulations, 
significant changes in land use may be associated with population 
and tax revenue changes resulting from license renewal. Further, 
given that there are many site-specific variables related to how off-site 
land will be used if a reactor continues to operate beyond its original 
operating license, NRC staff are expected to examine this issue on a 
site-by-site basis to determine whether any potential environmental 
impacts may occur. NRC procedures call for agency staff to, among 


 for evaluating the potential 
environmental impacts of continued operations on threatened or 
endangered species for each of the eight license renewal applications 
we reviewed. 


                                                                                                                     
67Under the Endangered Species Act of 1973, as amended, all federal agencies must, 
among other things, utilize their authorities to carry out programs for the conservation of 
threatened and endangered species, including those cases where proposed federal 
actions may affect threatened or endangered species. In each license renewal 
environmental review, NRC officials stated that the agency consults with the U.S. Fish and 
Wildlife Service and/or the National Marine Fisheries Service. 
68NUREG-1555, Supplement 1, 4.6.1-6. 
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other things, obtain site-specific information to determine the potential 
scope of off-site land use impacts and evaluate whether those 
impacts may be large enough to require further analysis. If agency 
staff find that the effects of the potential impacts may be more than 
minor, then they are expected to consider and evaluate potential 
mitigation measures or alternatives that might reduce or eliminate the 
potentially adverse impacts. We found that NRC reports documented 
that agency staff consistently followed NRC’s documented 
procedures69


We also examined the consistency of NRC staff reviews of the applicants’ 
severe accident mitigation alternatives analyses with the agency’s 
documented procedures. NRC regulations state that alternatives to 
mitigate severe accidents must be considered for all reactors that have 
not previously considered such alternatives.


 for evaluating the potential environmental impacts of off-
site land use during continued operations for each of the eight license 
renewal applications we reviewed. 


70 Severe accident mitigation 
alternatives are considered site-specific and thereby require that the 
applicant conduct a site-specific evaluation that will be reviewed by NRC 
staff during the license renewal process. The severe accident mitigation 
alternatives analyses performed in support of license renewal applications 
typically focus on areas of greatest risk and on measures that could 
provide the greatest risk reduction in a cost-beneficial fashion. NRC 
procedures call for agency staff to, among other things, evaluate the 
potential mitigation alternatives identified by the applicant. Moreover, 
NRC officials told us that agency staff are expected to determine whether 
any of the alternatives have been identified as being within the scope of 
license renewal by being both cost-beneficial and related to aging 
management. We reviewed the steps NRC staff documented taking to 
conduct their evaluation of applicants’ severe accident mitigation 
alternatives analyses and found that NRC staff consistently followed the 
agency’s documented procedures71


 


 for each of the eight license renewal 
applications included in our sample. 


                                                                                                                     
69NUREG-1555, Supplement 1, 4.4.3-3.  
7010 C.F.R. § 51.53(c)(3)(ii)(L) (2013).  
71NUREG-1555, Supplement 1, 5.1.1-6.  
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The 15 stakeholders we interviewed who were knowledgeable on NRC’s 
license renewal process provided their views on various perceived 
strengths and weaknesses of the process, with some suggesting potential 
improvements to the process. Stakeholders most often identified the 
technical knowledge of NRC staff and the thoroughness of the agency’s 
reviews as perceived strengths of the license renewal process. 
Stakeholders also identified a range of perceived weaknesses of the 
license renewal process, including claims that its scope is too narrow and 
that its public hearing process is flawed and inhibits meaningful public 
participation. Some stakeholders we interviewed suggested potential 
changes to improve the license renewal process, including broadening 
the scope of NRC’s reviews and modifying aspects of the public hearing 
process. 


 
The 15 stakeholders we interviewed identified a number of perceived 
strengths of NRC’s license renewal process. Overall, all eight industry 
and ACRS stakeholders and one state government stakeholder said the 
license renewal process is generally effective at accomplishing its safety 
and environmental goals, and all but one of those same stakeholders plus 
one public interest group stakeholder said the scope of the process is 
sufficient.72 More specifically, among the 15 stakeholders we interviewed, 
four strengths were identified by three or more stakeholders as follows:73


• First, more than half of the stakeholders we interviewed (9 of 15) 
identified the technical knowledge of NRC’s staff as a strength of the 
license renewal process. Several of these stakeholders said that NRC 
staff is knowledgeable and experienced in the issues they review and 
that this leads to a more efficient review process. 


 


• Second, about half of the stakeholders (7 of 15) identified as a 
strength what they said was the thoroughness of the process that 
NRC uses to review license renewal applications. A few of these 
stakeholders highlighted the number of different reviews performed by 
agency staff, including on-site audits and inspections, and the external 
review performed by ACRS. One stakeholder stated that NRC 


                                                                                                                     
72One industry stakeholder who said the license renewal process is generally effective at 
accomplishing its safety and environmental goals said that the scope of the license 
renewal process is too broad. 
73Three stakeholders we interviewed said NRC’s license renewal process has no 
significant strengths. 
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requires applicants to make changes to their applications and 
proposed license renewal programs—in their view, it is not a “rubber 
stamp” process. 


• Third, about a third of the stakeholders (6 of 15) pointed to the quality 
of NRC’s license renewal guidance as another strength of the 
agency’s process. A few of these stakeholders said that because 
NRC’s guidance documents clearly define the agency’s expectations 
for applicants and staff reviewers, the documents make the license 
renewal process more efficient and focus discussion on key issues. 
One stakeholder noted that NRC’s standard review plan is particularly 
important since it helps agency staff with less experience understand 
what they should be looking for during their license renewal reviews. 


• Fourth, a few stakeholders (4 of 15) identified as a strength how 
safety review guidance has evolved over time to account for new 
information and lessons learned from previous license renewal 
reviews. One of these stakeholders emphasized that NRC has 
actively sought new information and, in this stakeholder’s view, has 
regularly incorporated that information into its safety review guidance. 


 
The 15 stakeholders we interviewed also identified a number of perceived 
weaknesses in NRC’s license renewal process. Overall, 5 of 7 public 
interest group and state government stakeholders said the license 
renewal process is generally ineffective at accomplishing its goals, and 
the same stakeholders said the scope of the process is too narrow.74 
More specifically, among the 15 stakeholders we interviewed, two 
weaknesses were identified by five or more stakeholders as follows:75


• First, about a third of the stakeholders we interviewed (6 of 15) 
identified as a weakness what they said was the overly narrow scope 
of the license renewal process. Some of these stakeholders said that 
issues the public thinks are relevant to license renewal, such as 
emergency planning and security, fall outside the scope of the license 
renewal process. One stakeholder said license renewal reviews 
should have a broader scope so that NRC can ensure at license 
renewal that reactors meet current safety requirements in all areas. 


 


                                                                                                                     
74One public interest stakeholder said the license renewal process is effective in some 
ways but not effective in other ways, and said the scope of the process is sufficient.  
75One stakeholder we interviewed said that NRC’s license renewal process has no 
significant weaknesses. 
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Another stakeholder provided the view that license renewal should be 
an opportunity to consider a wide range of safety and environmental 
issues beyond the negative effects of aging since license renewal 
allows a reactor to operate for up to an additional 20 years. 


• Second, a third of stakeholders (5 of 15) identified as an additional 
weakness of NRC’s license renewal process what in their view is the 
agency’s flawed public hearing process for considering challenges to 
license renewal applications. One of these stakeholders pointed to the 
limited time the public has to file challenges to a license renewal 
application (i.e., 60 days after the agency has published notice of the 
opportunity for a public hearing on a license renewal application), and 
other stakeholders highlighted hearing procedures that they believe 
put the public at a disadvantage compared with license renewal 
applicants. Some stakeholders said they believe NRC’s public hearing 
process inhibits meaningful public participation in the license renewal 
process. 


The following five other perceived weaknesses of the license renewal 
process were identified by 3 stakeholders each: 


• NRC does not require reactor owners with previously-renewed 
licenses to revise their programs for managing the negative effects of 
aging when NRC updates its license renewal guidance; 


• NRC reviews of license renewal applications are not thorough 
enough; 


• NRC reviews of license renewal applications can be excessive and 
address issues that fall outside the scope of the license renewal 
process; 


• NRC staff are not open to new information brought forward by 
stakeholders; and 


• NRC does not require applicants to implement cost-beneficial 
upgrades identified during the license renewal environmental review if 
those upgrades are not related to aging. 
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Some of the 15 stakeholders we interviewed suggested potential changes 
to improve NRC’s license renewal process. Six changes were suggested 
by three or more stakeholders.76


• Six stakeholders suggested NRC modify its public hearing process for 
considering challenges to license renewal applications. These 
stakeholders identified a number of modifications NRC could make, 
including increasing the amount of time the public has to file 
challenges and providing funding to public groups to present their 
cases. According to NRC officials, the NRC Commissioners 
determined in 2004 that the 60 days the public has to file challenges 
is adequate and that the public effectively has more time due to (1) 
internet notice of preapplication meetings, (2) the availability of the 
license renewal application prior to the notice of opportunity for 
hearing, and (3) Federal Register or internet notice of the filing of an 
application and acceptance of the application for docketing.


 We asked NRC officials for the agency’s 
position on these suggested changes. The six changes suggested by 
three or more stakeholders and NRC officials’ explanations of the 
agency’s position on those potential changes were as follows: 


77 Also, 
NRC is prohibited by law from providing funding to parties, such as 
public groups, intervening in NRC’s regulatory or adjudicatory 
proceedings to present their cases.78


• Five stakeholders suggested that NRC expand the scope of the 
license renewal process to consider issues beyond the negative 
effects of aging, such as emergency planning and spent fuel storage. 
According to NRC officials, when the agency issued the original 
license renewal rule in 1991 and amended it in 1995, the NRC 
Commissioners determined that NRC’s ongoing regulatory processes 


 


                                                                                                                     
76Five stakeholders we interviewed said that they do not believe NRC needs to make 
significant changes to the license renewal process. 
77The NRC Commissioners considered the amount of time the public has to file 
challenges in 2004 when it revised its adjudicatory process. See 69 Fed. Reg. 2182, 2199 
(Jan. 14, 2004). In the proposed rule, the NRC Commissioners solicited views on 
appropriate time frames for allowing petitions to be filed based on a notice of opportunity 
for hearing. To address comments that a 45-day period was insufficient, the NRC 
Commissioners decided to provide a 60-day period for most actions.  
78See Energy and Water Development Appropriations Act for FY 1993, Pub. L. No. 102-
377 § 502 (1992) (“None of the funds in this Act or subsequent Energy and Water 
Development Appropriations Acts shall be used to pay the expenses of, or otherwise 
compensate, parties intervening in regulatory or adjudicatory proceedings funded in such 
Acts.”). 
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were sufficient to ensure that a reactor would operate safely under a 
renewed license, with the possible exception of age-related 
degradation.79


• Three stakeholders suggested that NRC improve the public’s access 
to information used in the agency’s license renewal reviews. For 
example, one stakeholder said that the public should be allowed to 
listen to all conversations between agency staff and an applicant 
regarding a license renewal application. According to NRC officials, 
the agency provides the public access to, among other things, any 
information that NRC considers during a license renewal review if that 
information was necessary for the agency to make its license renewal 
decision. In addition, NRC officials said that communications from 
applicants are placed in the agency’s publicly available recordkeeping 
system, unless they are withheld in accordance with agency 
regulations.


 As a result, NRC made managing the negative effects 
of aging the primary focus of the license renewal process. NRC 
officials noted that the agency is reviewing public comments on 
whether or not to broaden the scope of the license renewal process 
as it considers the process it will use to review applications to renew 
reactor operating licenses for a second time. NRC officials stated that 
a determination is in development by staff and is expected to be 
completed by the end of fiscal year 2013. 


80


• Three stakeholders suggested that NRC should change its 
submission requirements for license renewal applications so that 
reactor owners have to submit a fully complete application at the 
beginning of the license renewal process. According to NRC officials, 
the agency requires applicants to submit applications that are 
sufficiently complete for NRC to conduct its review. However, they 
noted that the agency allows applicants to amend their applications 
and that applicants sometimes do so both in response to NRC 
questions and at their own initiation. 


 


• Three stakeholders suggested that NRC should require reactor 
owners with previously renewed licenses to meet new standards 
when NRC updates its license renewal guidance. According to NRC 
officials, the standards in the agency’s license renewal guidance 
reflect one but not the only way for an applicant to meet license 


                                                                                                                     
79See 56 Fed. Reg. 64,943 (Dec. 13, 1991) and 60 Fed. Reg. 22,461 (May 8, 1995).  
8010 C.F.R. § 2.390 (2013). 
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renewal requirements. Because standards in the guidance documents 
are not requirements, NRC does not require reactor owners with 
previously-renewed licenses to update their programs for managing 
the negative effects of aging when the agency updates its guidance. 
However, according to agency officials, NRC expects these owners to 
review updates to the agency’s license renewal guidance and 
consider whether they need to make changes to their programs as a 
result. 


• Three stakeholders suggested that NRC should require reactor 
owners to implement all cost beneficial upgrades identified during the 
license renewal environmental review, regardless of whether those 
upgrades are related to aging. According to NRC officials, because 
the scope of the license renewal process is focused primarily on 
managing the negative effects of aging, the agency has decided not to 
require reactor owners as part of the license renewal process to 
implement cost beneficial upgrades identified during the 
environmental review that are not related to aging. However, the 
officials noted that those upgrades could be considered through 
NRC’s “backfit” process, which generally requires NRC to assure 
reactor owners that requirements placed on them will change only 
when warranted from a public health and safety standpoint.81


 


 


We provided a draft copy of this report to the Executive Director for 
Operations of NRC for review and comment. NRC provided written 
comments on the draft report, which are reproduced in appendix IV, and 
technical comments, which we incorporated into the report as 
appropriate. In its comments, NRC neither agreed nor disagreed with our 
findings. 


                                                                                                                     
81NRC’s “backfit rule” requires, in order to impose new requirements on existing licensees, 
that NRC determine that the new requirements would result in a substantial increase in 
the overall protection of public health and safety or common defense and security and that 
this increased protection justifies the cost of implementation. 10 C.F.R. § 50.109(a)(3) 
(2013). Backfit is defined in 10 C.F.R. § 50.109(a)(1) as the modification of or addition to 
systems, structures, components, or design of a facility; or the design approval or 
manufacturing license for a facility; or the procedures or organization required to design, 
construct or operate a facility; any of which may result from a new or amended provision in 
NRC’s regulations or the imposition of a regulatory staff position interpreting NRC’s 
regulations that is either new or different from a previously applicable staff position, 
relative to specific dates, such as issuance of licenses. The backfit rule requires a backfit 
analysis demonstrating that the new or changed requirement is a substantial increase in 
overall protection unless NRC finds that a backfit is needed to ensure that protection of 
public health and safety is adequate, or in other limited situations. 10 C.F.R. § 
50.109(a)(3)-(4). 


Agency Comments  
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As agreed with your offices, unless you publicly announce the contents of 
this report earlier, we plan no further distribution until 30 days from the 
report date. At that time, we will send copies to NRC, the appropriate 
congressional committees, and other interested parties. In addition, this 
report will be available at no charge on the GAO website at 
http://www.gao.gov. 


If you or your staff members have any questions about this report, please 
contact me at (202) 512-3841 or ruscof@gao.gov. Contact points for our 
Offices of Congressional Relations and Public Affairs may be found on 
the last page of this report. Key contributors to this report are listed in 
appendix V. 


 
Frank Rusco 
Director, Natural Resources and Environment 


  



http://www.gao.gov/�
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List of Requesters 


The Honorable Barbara Boxer 
Chairman 
Committee on Environment and Public Works 
United States Senate 


The Honorable Sheldon Whitehouse 
Chairman 
Subcommittee on Oversight 
Committee on Environment and Public Works 
United States Senate 


The Honorable Bernard Sanders 
United States Senate 


The Honorable Edward J. Markey 
House of Representatives 
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Our review provides information on: (1) the scope of the Nuclear 
Regulatory Commission’s (NRC) license renewal process for commercial 
nuclear power reactors; (2) the extent to which NRC updates the safety 
and environmental review guidance used in the license renewal process; 
(3) the extent to which NRC follows the agency’s documented license 
renewal procedures; and (4) knowledgeable stakeholders’ views on the 
strengths and weaknesses in the license renewal process and 
suggestions, if any, for improving the process. To address these 
objectives and better understand NRC’s license renewal process, we 
reviewed relevant NRC documents and met with officials from NRC and 
representatives from the nuclear power industry, public interest groups, 
and others. 


During the course of our review, we interviewed NRC officials from the 
Office of General Counsel, Office of New Reactors, Office of Nuclear 
Reactor Regulation, and Office of Nuclear Regulatory Research in 
headquarters. We also interviewed officials from NRC’s Office of the 
Inspector General (OIG), NRC’s Atomic Safety and Licensing Board, and 
the Advisory Committee on Reactor Safeguards (ACRS), as well as NRC 
officials in Region I and the resident inspectors at the two nuclear power 
plants we visited. In addition, we interviewed representatives from the 
Nuclear Energy Institute, the Union of Concerned Scientists, and other 
groups and individuals to discuss their views on NRC’s license renewal 
process. 


Specifically, to describe the scope of NRC’s license renewal process, we 
reviewed relevant laws and NRC regulations, including the Atomic Energy 
Act of 1954 as amended and 10 C.F.R. Parts 2, 51, and 54, as well as 
relevant NRC guidance documents. In addition, we interviewed NRC 
officials to gain a further understanding of the license renewal process 
and how the process has changed over time. We also visited a 
nonprobability sample of two nuclear power plants—Millstone Power 
Station in Connecticut and the Pilgrim Nuclear Power Station in 
Massachusetts—to interview plant representatives about their experience 
with the license renewal process and to observe programs implemented 
at the sites following license renewal. Because this was a nonprobability 
sample, the information we gathered from these site visits is not 
generalizable to all nuclear power plants but provides important 
illustrative information. We selected these sites to capture a variety of 
characteristics, including sites that had gone through the license renewal 
process, at least one site that was operating under a renewed license 
beyond its initial 40-year operating period, and at least one site that was 
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the subject of a public hearing concerning a challenge to its license 
renewal application. 


To determine the extent to which NRC updates the safety and 
environmental review guidance used in the license renewal process, we 
examined NRC documents on its guidance revision process and reviewed 
changes made to license renewal guidance documents, including the 
standard review plans for license renewal safety and environmental 
reviews, the Generic Aging Lessons Learned Report, and the Generic 
Environmental Impact Statement for License Renewal of Nuclear Plants. 
We also reviewed NRC documents describing the process for revising 
license renewal environmental review regulations and guidance and 
interviewed NRC officials about the process. 


To determine the extent to which NRC followed the agency’s documented 
license renewal procedures, we selected a nonprobability sample of the 
safety and environmental review elements that are assessed as part of 
NRC’s license renewal process. We selected the elements to examine 
based on a review of GAO and NRC OIG reports, NRC guidance, license 
renewal documents from site visits, and input from some of the 
stakeholders we interviewed. In addition, we randomly selected some of 
the review elements for inclusion in our sample. To identify the agency’s 
documented procedures for reviewing the elements included in our 
sample, we examined NRC’s standard review plans for license renewal 
safety and environmental reviews and its license renewal inspection 
protocols. We then identified the actions NRC staff took to review the 
selected elements, as documented in NRC audit reports, inspection 
reports, and final safety and environmental reports, for a nonprobability 
sample of eight license renewal applications. Our nonprobability sample 
consisted of the following license renewal applications: Columbia 
Generating Station, Duane Arnold Energy Center, Millstone Power 
Station (Unit 3), Monticello Nuclear Generating Plant, Pilgrim Nuclear 
Power Station, Shearon Harris Nuclear Power Plant, Virgil C. Summer 
Nuclear Station, and Wolf Creek Generating Station.1


                                                                                                                     
1Because this was a nonprobability sample, our results are not generalizable to all license 
renewal reviews but provide examples of safety and environmental review elements that 
NRC reviewed as part of its license renewal process. 


 We selected this 
sample to capture a variety of characteristics, including reactors from 
different NRC regions, and reactors whose license renewal applications 
were reviewed using different versions of NRC’s safety and 
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environmental review guidance. Two GAO analysts independently 
compared NRC staff’s documented actions with the agency’s 
documented procedures to assess the level of consistency for the review 
elements in our sample. They then rated the staff’s documented actions 
as compared with the agency’s documented procedures as being 
consistent, partially consistent, not consistent, or not applicable. When 
their review ratings differed, they discussed the differences and agreed 
on a final assessment. We then spoke with NRC officials about the 
instances where the staff’s documented actions were rated as either 
partially consistent or not consistent in order to determine whether NRC 
had additional information that could illustrate the extent to which the 
agency’s procedures were followed in a consistent manner. During our 
review, we did not evaluate the adequacy or substance of NRC’s review 
actions or the quality of its documented license renewal procedures. 


To describe knowledgeable stakeholders’ views on strengths and 
weaknesses in NRC’s license renewal process, we summarized the 
results of semistructured interviews with stakeholders knowledgeable of 
the license renewal process. We first identified 106 knowledgeable 
stakeholders by reviewing the results of a literature search, prior GAO 
reports, congressional and NRC hearings, and recommendations from 
officials with NRC and representatives from the Nuclear Energy Institute, 
the Union of Concerned Scientists, and others. From this list, we then 
used a multistep process to select 15 stakeholders. To ensure coverage 
and a range of perspectives, we selected stakeholders from the following: 


• industry, including officials from five of the eight nuclear power plants 
whose license renewal applications were part of the nonprobability 
sample for our consistency review; 


• public interest groups, including representatives from the National 
Legal Scholars Firm, Pilgrim Watch, Public Justice, and the Union of 
Concerned Scientists; 


• state governments, including officials from the States of New York and 
Vermont and the Commonwealth of Massachusetts; and 
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• ACRS, a body of nuclear, engineering, and safety experts appointed 
by the NRC Commissioners that is independent of the NRC staff and 
reports directly to the NRC Commissioners.2


We conducted semistructured interviews with the 15 selected 
stakeholders using a standard set of questions and analyzed their 
responses, grouping them into overall themes.


 


3


We conducted this performance audit from May 2012 to May 2013 in 
accordance with generally accepted government auditing standards. 
Those standards require that we plan and perform the audit to obtain 
sufficient, appropriate evidence to provide a reasonable basis for our 
findings and conclusions based on our audit objectives. We believe that 
the evidence obtained provides a reasonable basis for our findings and 
conclusions based on our audit objectives. 


 We summarized the 
results of our analysis and then asked NRC officials for the agency’s 
position on potential changes to the license renewal process that were 
suggested by multiple stakeholders. Not all of the stakeholders answered 
all of our questions. The views expressed by stakeholders do not 
represent the views of GAO. 


                                                                                                                     
2ACRS is established in statute. The committee has four primary purposes: (1) to review 
and report on safety studies and reactor facility license and license renewal applications; 
(2) to advise the NRC Commissioners on the hazards of proposed and existing production 
and utilization facilities and the adequacy of proposed safety standards; (3) to initiate 
reviews of specific generic matters or nuclear facility safety-related items; and (4) to 
provide advice in the areas of health physics and radiation protection. 
3During one industry stakeholder interview, the primary stakeholder was joined by two 
colleagues who provided supporting commentary. However, the three officials, as noted 
during our interview, expressed a singular view for their group. Therefore, this interview 
represented the views of one industry stakeholder, not three separate views. 
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Reactor State 


Date initial 
operating license 
issued 


License renewal 
status


Date renewed 
operating license 
issued a 


Date current 
operating license 
set to expire 


Arkansas Nuclear One, 
Unit 1 


Arkansas 05/21/1974 Renewed 06/20/2001 05/20/2034 


Arkansas Nuclear One, 
Unit 2 


Arkansas 09/01/1978 Renewed 06/30/2005 07/17/2038 


Beaver Valley Power 
Station, Unit 1 


Pennsylvania 07/02/1976 Renewed 11/05/2009 01/29/2036 


Beaver Valley Power 
Station, Unit 2 


Pennsylvania 08/14/1987 Renewed 11/05/2009 05/27/2047 


Braidwood Station,  
Unit 1 


Illinois 07/02/1987 Application 
Expected 


N/A 10/17/2026 


Braidwood Station,  
Unit 2 


Illinois 05/20/1988 Application 
Expected 


N/A 12/18/2027 


Browns Ferry Nuclear 
Plant, Unit 1 


Alabama 12/20/1973 Renewed 05/04/2006 12/20/2033 


Browns Ferry Nuclear 
Plant, Unit 2 


Alabama 06/28/1974 Renewed 05/04/2006 06/28/2034 


Browns Ferry Nuclear 
Plant, Unit 3 


Alabama 07/02/1976 Renewed 05/04/2006 07/02/2036 


Brunswick Steam 
Electric Plant, Unit 1 


North Carolina 09/08/1976 Renewed 06/26/2006 09/08/2036 


Brunswick Steam 
Electric Plant, Unit 2 


North Carolina 12/27/1974 Renewed 06/26/2006 12/27/2034 


Byron Station, Unit 1 Illinois 02/14/1985 Application 
Expected 


N/A 10/31/2024 


Byron Station, Unit 2 Illinois 01/30/1987 Application 
Expected 


N/A 11/06/2026 


Callaway Plant Missouri 10/18/1984 Under Review N/A 10/18/2024 
Calvert Cliffs Nuclear 
Power Plant, Unit 1 


Maryland 07/31/1974 Renewed 03/23/2000 07/31/2034 


Calvert Cliffs Nuclear 
Power Plant, Unit 2 


Maryland 08/13/1976 Renewed 03/23/2000 08/13/2036 


Catawba Nuclear 
Station, Unit 1 


South Carolina 01/17/1985 Renewed 12/05/2003 12/05/2043 


Catawba Nuclear 
Station, Unit 2 


South Carolina 05/15/1986 Renewed 12/05/2003 12/05/2043 


Clinton Power Station, 
Unit 1 


Illinois 04/17/1987 Application 
Expected 


N/A 09/29/2026 


Columbia Generating 
Station, Unit 2 


Washington State 04/13/1984 Renewed 05/22/2012 12/20/2043 


Comanche Peak Steam 
Electric Station, Unit 1 


Texas 04/17/1990 Application 
Expected 


N/A 02/08/2030 
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Reactor State 


Date initial 
operating license 
issued 


License renewal 
status


Date renewed 
operating license 
issued a 


Date current 
operating license 
set to expire 


Comanche Peak Steam 
Electric Station, Unit 2 


Texas 04/06/1993 Application 
Expected 


N/A 02/02/2033 


Cooper Nuclear Station  Nebraska 01/18/1974 Renewed 11/29/2010 01/18/2034 
Davis-Besse Nuclear 
Power Station, Unit 1 


Ohio 04/22/1977 Under Review N/A 04/22/2017 


Diablo Canyon Nuclear 
Power Plant, Unit 1 


California 11/02/1984 Under Review N/A 11/02/2024 


Diablo Canyon Nuclear 
Power Plant, Unit 2 


California 08/26/1985 Under Review N/A 08/26/2025 


Donald C. Cook Nuclear 
Power Plant, Unit 1 


Michigan 10/25/1974 Renewed 08/30/2005 10/25/2034 


Donald C. Cook Nuclear 
Power Plant, Unit 2 


Michigan 12/23/1977 Renewed 08/30/2005 12/23/2037 


Dresden Nuclear Power 
Station, Unit 2 


Illinois 02/20/1991 Renewed 10/28/2004 12/22/2029 


Dresden Nuclear Power 
Station, Unit 3 


Illinois 01/12/1971 Renewed 10/28/2004 01/12/2031 


Duane Arnold Energy 
Center 


Iowa 02/22/1974 Renewed 12/16/2010 02/21/2034 


Edwin I. Hatch Nuclear 
Plant, Unit 1 


Georgia 10/13/1974 Renewed 01/15/2002 08/06/2034 


Edwin I. Hatch Nuclear 
Plant, Unit 2 


Georgia 06/13/1978 Renewed 01/15/2002 06/13/2038 


Fermi, Unit 2 Michigan 07/15/1985 Application 
Expected 


N/A 03/20/2025 


Fort Calhoun Station, 
Unit 1 


Nebraska 08/09/1973 Renewed 11/04/2003 08/09/2033 


Grand Gulf Nuclear 
Station, Unit 1 


Mississippi 11/01/1984 Under Review N/A 11/01/2024 


H. B. Robinson Steam 
Electric Plant, Unit 2 


South Carolina 07/31/1970 Renewed 04/19/2004 07/31/2030 


Hope Creek Generating 
Station, Unit 1 


New Jersey 07/25/1986 Renewed 07/20/2011 04/11/2046 


Indian Point Nuclear 
Generating, Unit 2 


New York 09/28/1973 Under Review N/A 09/28/2013 


Indian Point Nuclear 
Generating, Unit 3 


New York 12/12/1975 Under Review N/A 12/12/2015 


James A. FitzPatrick 
Nuclear Power Plant 


New York 10/17/1974 Renewed 09/08/2008 10/17/2034 


Joseph M. Farley 
Nuclear Plant, Unit 1 


Alabama 06/25/1977 Renewed 05/12/2005 06/25/2037 
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Reactor State 


Date initial 
operating license 
issued 


License renewal 
status


Date renewed 
operating license 
issued a 


Date current 
operating license 
set to expire 


Joseph M. Farley 
Nuclear Plant, Unit 2 


Alabama 03/31/1981 Renewed 05/12/2005 03/31/2041 


LaSalle County Station, 
Unit 1 


Illinois 04/17/1982 Application 
Expected 


N/A 04/17/2022 


LaSalle County Station, 
Unit 2 


Illinois 12/16/1983 Application 
Expected 


N/A 12/16/2023 


Limerick Generating 
Station, Unit 1 


Pennsylvania 08/08/1985 Under Review N/A 10/26/2024 


Limerick Generating 
Station, Unit 2 


Pennsylvania 08/25/1989 Under Review N/A 06/22/2029 


McGuire Nuclear 
Station, Unit 1 


North Carolina 07/08/1981 Renewed 12/05/2003 06/12/2041 


McGuire Nuclear 
Station, Unit 2 


North Carolina 05/27/1983 Renewed 12/05/2003 03/03/2043 


Millstone Power Station, 
Unit 2 


Connecticut 09/26/1975 Renewed 11/28/2005 07/31/2035 


Millstone Power Station, 
Unit 3 


Connecticut 01/31/1986 Renewed 11/28/2005 11/25/2045 


Monticello Nuclear 
Generating Plant, Unit 1 


Minnesota 01/09/1981 Renewed 11/08/2006 09/08/2030 


Nine Mile Point Nuclear 
Station, Unit 1 


New York 12/26/1974 Renewed 10/31/2006 08/22/2029 


Nine Mile Point Nuclear 
Station, Unit 2 


New York 07/02/1987 Renewed 10/31/2006 10/31/2046 


North Anna Power 
Station, Unit 1 


Virginia 04/01/1978 Renewed 03/20/2003 04/01/2038 


North Anna Power 
Station, Unit 2 


Virginia 08/21/1980 Renewed 03/20/2003 08/21/2040 


Oconee Nuclear Station, 
Unit 1 


South Carolina 02/06/1973 Renewed 05/23/2000 02/06/2033 


Oconee Nuclear Station, 
Unit 2 


South Carolina 10/06/1973 Renewed 05/23/2000 10/06/2033 


Oconee Nuclear Station, 
Unit 3 


South Carolina 07/19/1974 Renewed 05/23/2000 07/19/2034 


Oyster Creek Nuclear 
Generating Station,  
Unit 1 


New Jersey 07/02/1991 Renewed 04/08/2009 04/09/2029 


Palisades Nuclear Plant Michigan 02/24/1971 Renewed 01/17/2007 03/24/2031 
Palo Verde Nuclear 
Generating Station,  
Unit 1 


Arizona 06/01/1985 Renewed 04/21/2011 12/31/2044 
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Reactor State 


Date initial 
operating license 
issued 


License renewal 
status


Date renewed 
operating license 
issued a 


Date current 
operating license 
set to expire 


Palo Verde Nuclear 
Generating Station,  
Unit 2 


Arizona 04/24/1986 Renewed 04/21/2011 04/24/2046 


Palo Verde Nuclear 
Generating Station,  
Unit 3 


Arizona 11/25/1987 Renewed 04/21/2011 11/25/2047 


Peach Bottom Atomic 
Power Station, Unit 2 


Pennsylvania 10/25/1973 Renewed 05/07/2003 08/08/2033 


Peach Bottom Atomic 
Power Station, Unit 3 


Pennsylvania 07/02/1974 Renewed 05/07/2003 07/02/2034 


Perry Nuclear Power 
Plant, Unit 1 


Ohio 11/13/1986 Application 
Expected 


N/A 03/18/2026 


Pilgrim Nuclear Power 
Station 


Massachusetts 06/08/1972 Renewed 05/29/2012 06/08/2032 


Point Beach Nuclear 
Plant, Unit 1 


Wisconsin 10/05/1970 Renewed 12/22/2005 10/05/2030 


Point Beach Nuclear 
Plant, Unit 2 


Wisconsin 03/08/1973 Renewed 12/22/2005 03/08/2033 


Prairie Island Nuclear 
Generating Plant, Unit 1 


Minnesota 04/05/1974 Renewed 06/27/2011 08/09/2033 


Prairie Island Nuclear 
Generating Plant, Unit 2 


Minnesota 10/29/1974 Renewed 06/27/2011 10/29/2034 


Quad Cities Nuclear 
Power Station, Unit 1 


Illinois 12/14/1972 Renewed 10/28/2004 12/14/2032 


Quad Cities Nuclear 
Power Station, Unit 2 


Illinois 12/14/1972 Renewed 10/28/2004 12/14/2032 


River Bend Station,  
Unit 1 


Louisiana 11/20/1985 Application 
Expected 


N/A 08/29/2025 


R.E. Ginna Nuclear 
Power Plant 


New York 09/19/1969 Renewed 05/19/2004 09/18/2029 


St. Lucie Plant, Unit 1 Florida 03/01/1976 Renewed 10/02/2003 03/01/2036 
St. Lucie Plant, Unit 2 Florida 06/10/1983 Renewed 10/02/2003 04/06/2043 
Salem Nuclear 
Generating Station,  
Unit 1 


New Jersey 12/01/1976 Renewed 06/30/2011 08/13/2036 


Salem Nuclear 
Generating Station,  
Unit 2 


New Jersey 05/20/1981 Renewed 06/30/2011 04/18/2040 


San Onofre Nuclear 
Generating Station,  
Unit 2 


California 02/16/1982 Application 
Expected 


N/A 02/16/2022 
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Reactor State 


Date initial 
operating license 
issued 


License renewal 
status


Date renewed 
operating license 
issued a 


Date current 
operating license 
set to expire 


San Onofre Nuclear 
Generating Station,  
Unit 3 


California 11/15/1982 Application 
Expected 


N/A 11/15/2022 


Seabrook Station, Unit 1 New Hampshire 03/15/1990 Under Review N/A 03/15/2030 
Sequoyah Nuclear Plant, 
Unit 1 


Tennessee 09/17/1980 Under Review N/A 09/17/2020 


Sequoyah Nuclear Plant, 
Unit 2 


Tennessee 09/15/1981 Under Review N/A 09/15/2021 


Shearon Harris Nuclear 
Power Plant, Unit 1 


North Carolina 10/24/1986 Renewed 12/17/2008 10/24/2046 


South Texas Project, 
Unit 1 


Texas 03/22/1988 Under Review N/A 08/20/2027 


South Texas Project, 
Unit 2 


Texas 03/28/1989 Under Review N/A 12/15/2028 


Surry Nuclear Power 
Station, Unit 1 


Virginia 05/25/1972 Renewed 03/20/2003 05/25/2032 


Surry Nuclear Power 
Station, Unit 2 


Virginia 01/29/1973 Renewed 03/20/2003 01/29/2033 


Susquehanna Steam 
Electric Station, Unit 1 


Pennsylvania 07/17/1982 Renewed 11/24/2009 07/17/2042 


Susquehanna Steam 
Electric Station, Unit 2 


Pennsylvania 03/23/1984 Renewed 11/24/2009 03/23/2044 


Three Mile Island 
Nuclear Station, Unit 1 


Pennsylvania 04/19/1974 Renewed 10/22/2009 04/19/2034 


Turkey Point Nuclear 
Generating, Unit 3 


Florida 07/19/1972 Renewed 06/06/2002 07/19/2032 


Turkey Point Nuclear 
Generating, Unit 4 


Florida 04/10/1973 Renewed 06/06/2002 04/10/2033 


Vermont Yankee 
Nuclear Power Plant, 
Unit 1 


Vermont 03/21/1972 Renewed 03/21/2011 03/21/2032 


Virgil C. Summer 
Nuclear Station, Unit 1 


South Carolina 11/12/1982 Renewed 04/23/2004 08/06/2042 


Vogtle Electric 
Generating Plant, Unit 1 


Georgia 03/16/1987 Renewed 06/03/2009 01/16/2047 


Vogtle Electric 
Generating Plant, Unit 2 


Georgia 03/31/1989 Renewed 06/03/2009 02/09/2049 


Waterford Steam 
Electric Station, Unit 3 


Louisiana 03/16/1985 Application 
Expected 


N/A 12/18/2024 


Watts Bar Nuclear Plant, 
Unit 1 


Tennessee 02/07/1996 Intent Not 
Announced 


N/A 11/09/2035 
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Reactor State 


Date initial 
operating license 
issued 


License renewal 
status


Date renewed 
operating license 
issued a 


Date current 
operating license 
set to expire 


Wolf Creek Generating 
Station, Unit 1 


Kansas 06/04/1985 Renewed 11/20/2008 03/11/2045 


Source: NRC. 


Note: This appendix lists the 102 commercial nuclear power reactors that were operating in the 
United States as of May 2013. In February 2013, the owner of the Crystal River Nuclear Plant in 
Florida permanently shut down that site’s reactor and, in May 2013, the owner of the Kewaunee 
Power Station in Wisconsin permanently shut down that site’s reactor. These actions reduced the 
number of operating commercial nuclear power reactors in the United States from 104 to 102. The 
Kewaunee reactor was one of the 73 reactors with an operating license renewed by NRC. 
a


 


“Application Expected” means the owner of the reactor has communicated to NRC its intent to file a 
license renewal application in the future. “Intent Not Announced” means the owner of the reactor has 
not communicated to NRC whether or not it intends to file a license renewal application in the future. 
“Renewed” means NRC has renewed the reactor’s operating license. “Under Review” means the 
owner of the reactor has filed a license renewal application, and NRC is reviewing the application.  
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Figure 3: Reactors from NRC Region I Included in GAO Review 
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Figure 4: Reactors from NRC Region II Included in GAO Review 
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Figure 5: Reactors from NRC Region III Included in GAO Review 


 
a The Atomic Energy Commission issued a provisional operating license on September 8, 1970, 
allowing commercial operation. The NRC issued a full-term operating license on January 9, 1981. 
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Figure 6: Reactors from NRC Region IV Included in GAO Review 
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Nuclear Backlash Energizes Old Plants 

By REBECCA SMITH 

Japan's Fukushima Daiichi disaster is having an unanticipated effect: It is forcing the world to become more reliant than ever on aging nuclear plants, and if utilities have their way, those plants will run decades longer than envisioned.

A batch of new reactors had been planned for the U.S. and other nations, but the backlash against nuclear power triggered by the disaster has dimmed prospects for a "nuclear renaissance." Few nations, however, have expressed any intention of giving up existing plants, often considered essential for meeting power demands. 

In the U.S., two-thirds of nation's 104 nuclear reactors have had their original 40-year licenses extended by 20 years, including nine extensions granted since the Japan accident. Regulators are conducting research to see if U.S. reactors could be pushed to 80 years. France's nuclear regulator is plowing ahead with plans to extend the life of some plants to 60 years.

That disturbs some critics of nuclear power, who say old plants are more dangerous than new ones and license-extension procedures aren't rigorous enough. In the U.S., for example, older plants have experienced problems such as corroded pipes leaking radioactive liquid into the ground, although regulators say not one has exposed the public to excessive doses of radiation.

The U.S. Nuclear Regulatory Commission never has turned down a utility that asked to extend the life of a nuclear reactor, thus far approving 71 such requests. Thirteen more requests are currently on the table.

"One would think the events in Japan would at least have slowed down the conveyor belt for license extensions," says Paul Gunter, spokesman for Beyond Nuclear, an antinuclear organization in Maryland. "But it had no effect."

The NRC says there is no reason plants can't run 60 years or more if properly maintained, and that detailed aging-management plans are a condition of license renewal. Those plans focus on the inspection and maintenance of equipment that isn't routinely replaced, such as reactor-containment structures and concrete work.

On Aug. 30, the NRC staff deemed "acceptable" the aging-management plan for Entergy Corp.'s Indian Point nuclear plant 26 miles outside of New York City, removing one of the last remaining hurdles to a license extension. The state of New York wants the reactors retired when their licenses expire in 2013 and 2015. 

Aging reactors are becoming common all over the world. The U.K. has four reactors that are at least 40 years old. Switzerland has three. Russia, Japan, Canada, India, Pakistan and Spain each have one. More than one-third of the 33 nations with nuclear plants have never shut down a reactor, including China, India, Argentina and Brazil.

Supporters and opponents of nuclear power agree that plant longevity is increasing. "The idea in France, the U.S., and just about everywhere else, is to prolong the life of these reactors," says Mycyle Schneider, a nuclear consultant in Paris who often works for nuclear critics.

Not all nuclear-powered nations plan to keep their plants in operation. In June, the German government decided to shut down all 17 of its reactors by 2022, and it has already closed eight. In July, Japan's then-prime minister said he wanted the nation to gradually phase out nuclear power, although skeptics wonder whether the energy-resource-poor nation can afford to do that. Switzerland has said it will retire its five reactors when their licenses expire between 2019 and 2034. 

Before the Japan disaster, President Barack Obama supported building new nuclear reactors and Congress had approved loan guarantees and other subsidies to help utilities cover the high cost. But the failure of critical safety systems at the Japanese plant after the March earthquake and tsunami, which led to radiation leaks and environmental contamination, shook public confidence in nuclear power. 

Several U.S. nuclear operators are backing away from new construction. NRG Energy Inc. said in April it was dropping plans to build two reactors in Texas. It had intended to work in partnership with Japanese companies, including Tokyo Electric Power Co., owner of the stricken Fukushima plant. 

NRG said the accident created more uncertainty about U.S. nuclear requirements and could lead to costly delays in getting regulatory approvals. In addition, said NRG Chief Executive David Crane, the project lacked committed customers to buy the power, and the accident would make it harder to find them.

Other companies have gotten cold feet, including Exelon Corp. and Progress Energy Inc. Other factors have contributed. Large quantities of inexpensive natural gas are making it more attractive to build gas-fired generating plants.

In July, the Japan Task Force created by the NRC suggested changes to improve safety at the nation's 104 reactors. It didn't suggest any changes in the way licenses are renewed.

There are two basic approaches to licensing world-wide. Some nations, including the U.S. and Finland, give licenses for set terms, then grant extensions. Others, such as France, the Netherlands, Japan and the U.K., grant indefinite licenses and require plants to undergo periodic safety reviews to continue operating, typically every 10 years.

In the U.S., new plants get 40-year licenses. Utilities are allowed to start the license-renewal process when reactors are 20 years old, meaning they can get renewals long before some problems have time to develop.

Nearly all the reactors built around the world before 1970 already have been shut down—decisions generally made by utilities that concluded they were too small, inefficient or problem-plagued. But many reactors built in the early 1970s are still in use. 

As nuclear plants age, the underground pipes that carry radioactive liquids such as tritium sometimes corrode and spring leaks. According to the NRC, 65 reactor sites in the U.S. have leaked or spilled radioactive material into groundwater, although the agency says none of those incidents subjected anyone to radiation doses exceeding legal limits.

Deteriorating electric cables pose another problem. Last December, the NRC told utilities it identified 269 cases of electrical-cable failure in recent years, and warned that the problem was getting worse as plants got older. That is worry because electrical cable failures can disable important safety systems.

The industry says the NRC demands action immediately if a safety concern is exposed. "The NRC doesn't wait for somebody to go in for a license renewal. If there's a problem, they tackle it," says Tony Pietrangelo, chief nuclear officer for the Nuclear Energy Institute, a trade group for reactor owners.

The NRC requires plants that seek license extensions to have an aging-management plan detailing how deterioration of structures and equipment will be handled. But several incidents have raised questions about whether the industry can be relied on to identify and fix age-related problems, as required.

The two reactors at NextEra Energy Inc.'s Turkey Point plant near Homestead, Fla., came online in 1972 and 1973. Both were granted 20-year extensions in 2002. 

In October, plant workers discovered tiny holes in a steel barrier that keeps radiation from escaping from the reactor area, although no radiation leaked out. It was the second time in five years that such holes were found in radiation barriers at the plant. When explaining the problem to the NRC, NextEra blamed "poor housekeeping," and it made repairs.

NRC spokesman Roger Hannah said the utility was required to do inspections but hadn't been doing them, "through an oversight, I guess." Utility spokesman Michael Waldron said the utility now inspects for this sort of damage every time it shuts down to take on new fuel.

Some experts think the Davis-Besse plant in Oak Harbor, Ohio, came the closest to disaster of any U.S. plant since the 1979 accident at the Three Mile Island plant in Pennsylvania. Workers have twice discovered cracks in nozzles that enter the reactor pressure vessel. 

In the first incident, in 2002, the resulting leaks allowed boric acid to eat a six-inch cavity in the reactor pressure vessel, severely weakening it. The NRC levied a record fine of $5.45 million against the plant's owner, FirstEnergy Corp., for "willful" violations of safety rules and for submitting "inaccurate" information. After major repairs, the plant was returned to service. 

In March 2010, FirstEnergy discovered flaws in replacement parts, leading to what the company characterizes as "minor leaking." The NRC concluded FirstEnergy was running the plant at hotter temperatures than intended, accelerating metal fatigue. 

The plant currently is seeking a license extension. FirstEnergy plans to replace part of the reactor pressure vessel with one built of a stronger steel alloy. Repairs begin in October.

In the license-extension process, the NRC doesn't reconsider whether a plant's design is outmoded or its radiation-containment structure is less than state-of-the-art. Neither emergency-evacuation plans nor radioactive-waste storage plans are subject to review because they aren't part of aging-management plans.

"It's called license renewal, not relicensing," says Brian Holian, director of license renewal at the NRC, and the agency's rules dictate what is reviewed.

The public "often is not satisfied" by that explanation, he admits. "Sometimes, they want the opportunity to re-evaluate whether the plant should even be there."
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Safety Analysis 1.Safety Analysis 1.


1. Understanding legal bases.
2. Developing common safety principles.
3. Safety principles v.s.safety requirements.
4. Developing common standards.
5. Understanding the role of the players.
6. Safety: an every body concern, a manyfold discipline.
7. Safety: compatibility with competitiviness.
8. Safety: protection theory and optimization
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Safety Analysis 1.1Safety Analysis 1.1
Understanding Legal Bases


1.1. Stuffenbau principle:
• Binding international agreements/regulation. (IAEA, EU,..)
• National legislation.


Acts.
- Rules
- Ordinances
- Licence terms and commitments.


• Technical regulation.
Safety guides. (Reg. Body)
National or International Standards
Self regulation.


Warning: regulation not necessarily guarantee safety!!
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Safety Analysis 1.2Safety Analysis 1.2
2. Developing common safety principles:


Convention on Nuclear Safety (1994)*


– Preamble vii.


– Objectives (art.1): protect individuals, society, environment 
by means of prevention and mitigation.


– Scope (art 2.i): NPP, storage, handling, treatment facilities 
on the site.


– Technology clause (art.6)


– Assessment of conformance (art.7.2.iii)


*  limited to civil NPP
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Safety Analysis 1.2Safety Analysis 1.2
2. Developing common safety principles:


Convention on Nuclear Safety (1994)


– Assessment and verification (art.14)


• Alive, 


• Contrast with: design, safety req. CLO.


– Safety of installations: Siting (art.17)


• i) safety site related: heat sink, earthquake, tornado corridor,
floodings, flight airway, other industries risks...


• ii)  impact on individuals, society, environment: population, 
land uses, ecosystem, property,...
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Safety Analysis 1.2Safety Analysis 1.2


2. Developing common safety principles:


Convention on Nuclear Safety (1994)


– Safety of installations: Design & construction (art.18)


• i) defence in depth: prevention and mitigation.


• ii) validated technologies.


• iii) reliability, stability, manageability, human factors, manhuman factors, man--
machine interfacemachine interface..
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Safety Analysis 1.2Safety Analysis 1.2


2. Developing common safety principles:


Convention on Nuclear Safety (1994)


– Safety of installations: Design & construction (art.18)


• i) defence in depth: prevention and mitigation.


• ii) validated technologies.


• iii) reliability, stability, manageability, human factors, manhuman factors, man--
machine interfacemachine interface..
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2. Developing common safety principles:


General consensus achieved.


• IAEA Safety series nº 110. “The safety of Nuclear 
Installations” *


• EU “Safety principles for light water reactor nuclear power 
plants” COM(81)519


• Safety assessment principles for NPP HMSO 1992. (UK)


• 10 CFR 50 App.A, B; 20; 100 (USA)


* necessary reading.


Safety Analysis 1.2Safety Analysis 1.2
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3. Safety principles v.s. Safety requirements:


• From conceptual to design.


• Safety requirements guarantees fulfilment of safety 
principles.


• IAEA Safety of nuclear power plants: design NS-R-1


Req. for management of safety.


Req. for systems, structures and components.


Req. for safety assessment: PIE’s, events classification... 


• Ongoing harmonization.


Safety Analysis 1.3Safety Analysis 1.3
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4. Developing common safety standards:


• Purpose: verify safety requirements.
• Difficult task: dispersion among different countries. Need 


harmonization.
• Possible approaches:


Incorporate into regulation.
Voluntary applicattion


• Sources:
Legislative. (EU, National)
IAEA Safety Guides, Reg. Body Guides.
Qualified proffesional organizations (IEEE, ANSI, ASME...)
Utility, Supplier, Nat. or Int. Labs., ... 


Safety Analysis 1.4Safety Analysis 1.4
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UTILITY PROCESS


REG. BODY EVALUATION 


PROCESS


SAFETY ANALYSIS 
DOCUMENTATION


IMPROVEMENT OF 
DOCUMENTATION


IMPROVEMENT 
OF UTILITY 
PROCESS


ACCEPTANCE 
CRITERIA


LOOP ONLY FOR 
RELEVANT FINDINGS. LOOP ONLY FOR 


MINOR 
DEFICIENCIES 


IMPACT ON NPP 


DATA BASE


Safety Analysis 1.5 Understanding the Safety Analysis 1.5 Understanding the 
Role of PlayersRole of Players
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Regulation             Safety          Performance       Categories    Actions
Findings categorization Corr.    Proc.     Op.     BDT   DT


YES


Admisible


Admisible


Admisible


Admisible


NO


Non-admisible


Low


0


A    *                              *


B    *                     *              *  


C    *         *          *       *     *


D    *                     *       *     *


E     *        *          *        *
Non-admisible


Low


Safety Analysis 1.5 Understanding the Safety Analysis 1.5 Understanding the 
Role of PlayersRole of Players
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1.6 Safety: an Everybody Concern, a1.6 Safety: an Everybody Concern, a
ManyfoldManyfold Discipline.Discipline.


– Safety is primary responsibilty of utility.


– Liability is not channeled unless otherwise to             
supplier.


– Reg. Body is State’s watchdog verifying utility’s 
competence.


– Consider stakeholders.


– Safety analysis is a relays race where different disciplines 
give the relay to others. Don’t ever think it is all in your 
hands!, work as a team!
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1.7 Safety: Compatibility With 1.7 Safety: Compatibility With CompetitivinessCompetitiviness..
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1.7 Safety: Protection Theory and Optimization1.7 Safety: Protection Theory and Optimization


–Protection design is a discipline by itself.


–Main reference: ANSI/ANS-51.1_1983 “Nuclear Safety Criteria 
for the design of stationary pressurized water reactor plants”


–Optimization based on damage limiting, probability of 
occurence, affordable safety margins (an agressive protection 
carries undue costs and impaired safety).


–Elements of evaluation:


•Identification of possible (more than credible) events, internal and 
external, challenging fission products barriers under all operational 
conditions.
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– Categorization.


• Classification of events by freq. of occurance.


• Identification of radiological damage variable/s and allowable damage as 
a function of freq. of occurance. (safety regulation arena).


– Transients analyses.


• Determination of bounding initial and boundary conditions for each 
event.


• Identification of surrogate variables.


• Determination of yield limit, safety limit and safety margin. (codes & 
standards arena)


• Determination of limiting condition for operation.


• Analysis of affected Technical Specification (modes of operation, CLO, 
actions, surveillance)  


1.7 Safety: Protection Theory and Optimization1.7 Safety: Protection Theory and Optimization
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Events Classification: Identification of EventsEvents Classification: Identification of Events
– Identification of possible (more than credible) events, internal and 


external, challenging fission products barriers under all operational 
conditions.


• Identify barrier failure mechanisms:
Fuel: fusion, dispersion...


Clad: dry-out, PCMI, ballooning, thermal shock...


RCS: overpressure, PTS, non-isolation, crack propagation...


Containment: overpressure, non-isolation, bypass,...


• Identify physical process driving to failure:
Thermal-Overpower: cooldown, rod withdrawal-ejection, fast boron 
dilution, rod drop...


Mechanical-Overpower: id.


PCM (boiling crisis): flow or inventory reduction, heat flux increase, 
coolant heat-up, pressure reduction (PWR)...
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– Identify physical process driving to failure (cont’d):
• Crack growth: thermal fatigue, induced corrosion,..


• Overpressure:inventory increase (hot and cold conditions), inventory 
expansion,... 


• ...


– Group those processess by phenomenology (Reg 1.70):
• Increase/decrease of heat removal by secondary system


• Decrease in reactor coolant system flow.


• Reactivity and power distribution anomalies.


• Increase/decrease in reactor coolant inventory.


• Radioactive release from subsystem or component.


• ATWS.


Events Classification: Identification of EventsEvents Classification: Identification of Events
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– Identify scenarios for each of the previous groups.


• Increase of heat removal by the secondary system:


Decrease in feedwater temperature.


Increase in feedwater flow.


Increase in steam flow.


Inadvertent opening of a steam generator relief or safety valve.


Steam system piping failure inside and outside of containment 
in a PWR


• ...


Events Classification: Identification of EventsEvents Classification: Identification of Events
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– Postulate initiating events driving to previous scenarios.
• Increase in steam flow:


Steam bypass opening.
Flow demand increase.


• Decrease in feedwater temperature:
Preheater bypass,
Loss of preheating efficiency (air intake, low steam 
flow..)


• ...
– Determine root cause:


• Hazard and operability analysis (HAZOP)
• Failure mode effect analysis (FMEA)
• Operating experience, comparison


Events Classification: Identification of EventsEvents Classification: Identification of Events
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– Determine root cause (cont’d):
• Internal events:


System, component or structures failures including generated 
hazards: pipe whipping, missiles, fire,..
Operator errors


• External events:
Natural: earthquakes, flooding, winds, landslides,...
Man induced: sabotage, air crash, other industries,...
Consider possible combinations, i.e.: earthquake  + flooding; fire + 
flooding;...


• Categorization
– Determine frequency of the initiating event.
– Determine bounding PIE assumptions
– Determine bounding event (freq, and consequences)


Events Classification: Identification of EventsEvents Classification: Identification of Events
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Events Classification: CategorizationEvents Classification: Categorization


– Grouping of PIE according to its frequency of occurrance.


– Setting limits to the damage in term of dose for each category.


– Setting acceptance criteria for each scenario: 


• General design, core design, and protection design shall 
guarantee compliance.


• No evolution into a worse category.


• Usually decoupling between radiological consequences and 
transient analyses acceptance criteria.


• Surrogate damage variable in terms of: 


Nº of failed rods, máximum leakage, oxidation, clad temperature, 
fuel enthalpy rise,...  
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– Applicable Technical Standards:
• ANSI/ANS 51.1 
• ANSI/ANS 51.1 (N18.2)
• ANSI/ANS 52.1 (N212)
• ANSI/ANS 53.1 (N213)
• IAEA NS-R-1
• IAEA 50-SG-D11


– NRC regulation and guides:
• 10 CFR 50 app.A “General design criteria..”
• RG 1.48 “Design limits and loading....”
• RG 1.70 “Standard Format and Contents...”
• NUREG 0800 standard review plan


Events Classification: CategorizationEvents Classification: Categorization
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IAEA 50-SG-D11


Events Classification: CategorizationEvents Classification: Categorization
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French-German Harmonization Process


< 10-4 PCC4 : limiting accidents


10-4  to 10-2PCC3 : infrequent accidents


10-2 to 1PCC2 : anticipated operational
occurences


Permanent/frequentPCC1 : operational transient


Frequency
(order of magnitude)/year


PCC (plant condition category)


Workshop of European Harmonization process, Brussels March 2-3, 1999


Events Classification: CategorizationEvents Classification: Categorization
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Events Classification: Categorization, Events Classification: Categorization, 
ANSI/ANS 51.1ANSI/ANS 51.1


Five Plant Condition Categories (PCC)


1010--4 4 > F > F > 10> 10--6 6 55


1010--2 2 > F > 10> F > 10--4 4 44


1010--1 1 > F > 10> F > 10--2 2 33


F>10F>10--1122


Normal OperationNormal Operation11


BE freq.R.yBE freq.R.y--11Plant ConditionPlant Condition
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Further comparisons


Events Classification: Categorization, Events Classification: Categorization, 
ANSI/ANS 51.1ANSI/ANS 51.1
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Event Categorization into PCC


Events Classification: Categorization, Events Classification: Categorization, 
ANSI/ANS 51.1ANSI/ANS 51.1
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Verify Acceptance Criteria


Events Classification: Categorization, Events Classification: Categorization, 
ANSI/ANS 51.1ANSI/ANS 51.1
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Determine from regulation admisible damage for each PCC.


Events Classification: Categorization, Events Classification: Categorization, 
ANSI/ANS 51.1ANSI/ANS 51.1







IAEA Training Course on Safety Assessment 30


Determine from regulation admisible damage for each PCC.


Events Classification: Categorization, Events Classification: Categorization, 
ANSI/ANS 51.1ANSI/ANS 51.1







IAEA Training Course on Safety Assessment 31


Determine from regulation admisible damage for each PCC.


Events Classification: Categorization, Events Classification: Categorization, 
ANSI/ANS 51.1ANSI/ANS 51.1
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Events Classification, CommentsEvents Classification, Comments


– Safety analysis must verify all PIE stay within safety 
envelope


• Reducing frequency of occurence.


• Reducing damage:


Fuel design, radwaste capacity, scram, ECCS..


– Normal operation: managed by operation procedures, 
control & limitation systems. Don’t demand protection 
system actuation.


Use of realistic models.


Verification in plant start-up tests
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– Anticipated Operating Occurances (AOO) arrested by protection 
system


• Usually deterministic-conservative arena.
• Partially verified in start-up tests.


– Accident condition:
• Escalated AOO’s
• Direct PIE.
• Arrested by: protection system, operator action (EOP), Engineered 


safety features.
– Lower frequency events (f < 10-6 R Y-1 )


• BDB (beyond design basis)
• Use of PSA methods
• Realm of severe accidents.
• Arrested by any available means (SAMG).


Events Classification, CommentsEvents Classification, Comments
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Extended FrequencyExtended Frequency--Damage PlaneDamage Plane
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Example of PIEExample of PIE’’s Categorization: s Categorization: 
Normal OperationNormal Operation
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Example of PIEExample of PIE’’s Categorization: AOOs Categorization: AOO
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Example of PIEExample of PIE’’s Categorization: AOO s Categorization: AOO 
(PC(PC--2 Cont2 Cont’’d)d)
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Example of PIEExample of PIE’’s Categorization: AOOs Categorization: AOO
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Example of PIEExample of PIE’’s Categorization: s Categorization: 
AccidentAccident


Also include SBO, ATWS


Risk informed regulation may introduce noticeable changes
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Design Basis AccidentsDesign Basis Accidents
– Design basis: The range of conditions and events taken 


explicitly into account in the design of a facility, according to 
established criteria, such that the facility can withstand them 
without exceeding authorized limits by the planned operation 
of safety systems. Used as a noun, with the definition above. 
Also often used as an adjective, applied to specific categories 
of conditions or events to mean ‘included in the design basis’; 
as, for example, in design bases accident, design bases external
events, design basis earthquake, etc. (IAEA glossary)


– DB Event v.s. DBA


– Plant is designed to withstand up to cut-off freq. events, but not 
only.


– Evolutionary reactors also include severe accident in design.
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– Each AOO is design basis of the protection system, i.e.:


• High neutron flux (at power):


Uncontrolled rod withdrawal,


Excesive load increase,


Pressure drop in steam lines.


• High flux rate(+/-):


Rod ejection.


Rod misalignment.


• OTΔT:


Uncontrolled rod withdrawal.


Boron dilution (at power)


...


Design Basis AccidentsDesign Basis Accidents
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– Each reactor trip is finally designed by the limiting 
AOO/accident. This is periodically checked in the Reload 
safety assessment or periodic safety review


– Special care on the use of generic evaluations
– Special care on evolving core design concepts


• Mixed cores, low leakage, high burn up,...


– Core design may not be limited by a design basis accident.
– Special care on methodology changes:


• Use of statistical teatment of uncertainties
• Use of Best Estimate codes,  
• Relaxation of constraints
• ...


Design Basis AccidentsDesign Basis Accidents
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Example of margin recovery by methodology improvement


Yield limit


Safety limit


Licensing limit


Conservative result


Realistic result


Operational limit (t, xi; Rj)


Design
margin


Design Basis AccidentsDesign Basis Accidents
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– Strictly speaking DBA applies to accidents (infrequent & 
limiting faults) that design the Engineered Safety Systems 
and Emergency Procedures:


• Containment isolation.


• Containment cooling.


• Containment spray.


• Containment air treatment.


• Containment control of combustible gases


• Emergency core cooling system (ECCS)


• Residual heat removal (RHR)


• Auxiliary feedwater system.


• Control room habitability


Design Basis AccidentsDesign Basis Accidents
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– Basic required safety functions:


• Fuel coolability and limited fuel damage


• Containment integrity.


• Limited containment leakage.


• Scrubbing of fission products within the containment to drains.


– Standard accidents:


• LBLOCA, SBLOCA, steam line break, CRDM break. 


– Usually limiting accident is doubled ended Large break 
LOCA cold leg + loss of off-site power + minimum 
safeguards + DB earthquake.  


Design Basis AccidentsDesign Basis Accidents
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Beyond Design Bases Accidents & Beyond Design Bases Accidents & 
Severe Accidents.Severe Accidents.
To be considered in defence in depth strategy (NS-G-1.2)


OffOff--site emergency responsesite emergency responseMitigation of radiological consequences of Mitigation of radiological consequences of 
significant releases of radioactive materialssignificant releases of radioactive materials


Level 5Level 5


Complementary meausures and accident Complementary meausures and accident 
managementmanagement


Control of severe plant consitions, including Control of severe plant consitions, including 
prevention of accident progression and prevention of accident progression and 
mitigation of the consequences of severe mitigation of the consequences of severe 
accidentsaccidents


Level 4Level 4


Engineered safety features and Engineered safety features and 
emergency proceduresemergency procedures


Control of accidents within the design basisControl of accidents within the design basisLevel 3Level 3


Control, limiting and protection systems Control, limiting and protection systems 
and other surveillance featuresand other surveillance features


Control of abnormal operation and detection of Control of abnormal operation and detection of 
failuresfailures


Level 2Level 2


Conservative design and high quality in Conservative design and high quality in 
construction and operationconstruction and operation


Prevention of abnormal operation and of Prevention of abnormal operation and of 
failuresfailures


Level 1Level 1


Essential MeansEssential MeansObjectiveObjectiveLevelLevel
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– BDBA assume initial and or boundary conditions (hypothesis) not 
postulated in DBA because of their low credibility. i.e.:


• Initial cond.: Catastrophic SG tube failure.
• Vessel head break.
• Bound. cond.: degraded ECCS, loss of RHR...


– Not to confuse with AOO not adequately dealt with in the original 
Design Basis: ie.: BWR instability, use of software based control or 
protection systems, etc...


– Severe accident is a category of BDBA leading to core melt due to 
multiple failures.


– Progression: Core damage PSA-1
CD + RCS fail PSA-2
CD+ RCS fail + Containment fail PSA-3


Beyond Design Bases Accidents & Beyond Design Bases Accidents & 
Severe Accidents.Severe Accidents.
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Severe AccidentsSevere Accidents
– Already included in Nuclear Safety Convention:


• Preamble iv,v; art 6 (tech. clause)


– Prevention:
• Severe accident management guides (SAMG)
• International cooperation:”Convention on assistance in the case 


of a nuclear accident or radiological emergency”
• Additional equipment.


– Mitigation:
• Emergency response:


On-site
Off-site
International: “Convention on early notification of a 
Nuclear Accident”
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– Identification: Use of PSA
At power
Shut-down modes.


– Tools:
• Use of realistic assumptions, data, methods and decision criteria.


– Acceptance criteria.
• Probabilistic: risk thresholds + ALARP (assisting design and plant 


modifications)
Failure freq. of safety related systems
Freq. of core melt.
Freq. of specific release
Freq. of specific health, environmental, economic effects


• Deterministic:
Abort high pressure core melt sequences.
Abort Steam explosions (in-vessel, exvessel)
Abort global H2 detonations.
Avoid corium basemat penetration.
...


Severe AccidentsSevere Accidents
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Contribution to core damage


37%


20%10%


6%


5%


4%


4%


2%


12%


SB LOCA
Reactor &turbine trip
Loss of offsite power
SG Tube rupture
ATWS
VSBLOCA
Loss of feedwater
Interface LOCA
others


Severe AccidentsSevere Accidents
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Westinghouse UK 
AP1000® GENERIC DESIGN ASSESSMENT 


Resolution Plan for GI-AP1000-SI-06 
Structural Integrity Categorisation and Classification 


 
MAIN ASSESSMENT AREA RELATED 


ASSESSMENT 
AREA(S) 


RESOLUTION 
PLAN REVISION  


GDA ISSUE 
REVISION 


Structural Integrity - 4 0 
 


GDA ISSUE: Provide evidence to show that categorisation and 
classification has been applied in an appropriate manner 
to components with an important structural integrity claim. 


ACTION: GI-AP1000-SI-
06.A1 


Provide evidence to show that the principal design and 
construction codes adopted for Class 2 Pressure 
Equipment and Storage Tanks are consistent with ONR’s 
expectations as detailed within the SAPs, particularly 
ECS.3 and supporting paragraphs 157-161.  In particular, 
where non-nuclear Pressure Equipment and Storage 
Tank design and construction codes are used in the 
design of Class 2 components Westinghouse will need to 
fully justify each case to show the arguments and 
evidence which support the use on non-nuclear codes.  
The arguments and evidence should take account of:  


• the safety significance of the component;  
• the demands that are placed on the system in 


terms of loadings, fatigue, temperature etc, and;  
• the consequences of failure of pressure boundary 


in terms of both the loss of system function and on 
the Internal Hazards safety case.  


 With agreement from the Regulator this action may be 
completed by alternative means. 


ACTION: GI-AP1000-SI-
06.A2 


Provide evidence to show that components in AP1000® 
Equipment Class C have been assigned a class that is 
consistent with their intended duty and implied reliability. 
In particular Westinghouse need to provide arguments 
and evidence to show why it is appropriate to design and 
construct the Accumulator Tanks in the Passive Core 
Cooling System to ASME III Class 3 when previous 
designs of reactor would have designed and constructed 
the Accumulators to ASME III Class 2 in line with the 
guidance provided in ANS-51.1-1983.  The arguments 
and evidence should address:  


• the intended duty and implied reliability of the 
vessel, and;  


• provide evidence to justify why the AP1000 design 
has apparently downgraded the classification of 
the core cooling system from the criteria set in 
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ANS-51.1-1983.  
With agreement from the Regulator this action may be 
completed by alternative means. 


ACTION: GI-AP1000-SI-
06.A3 


Provide arguments and evidence to show that 
catastrophic failure of a reactor coolant pump bowl would 
not challenge the effectiveness of the vertical support for 
the Steam Generator.  
The reactor coolant pump bowl has been assigned a 
Standard Class 1 structural integrity classification.  It will 
be designed and constructed to ASME III, but this is not 
sufficient in its own right to discount the possibility of 
gross failure.  As a result it is necessary to address the 
consequences of failure of the pump bowl.   
Due to the proximity of the reactor coolant pump bowl to 
the Steam Generator vertical support it is not obvious that 
failure of the support can be discounted as not credible 
without sufficient evidence.  
Thus Westinghouse will need to provide the evidence that 
the effectiveness of the Steam Generator vertical support 
will not be challenged by the failure of the pump bowl in 
order to support the assignment of a Standard Class 1 
structural integrity classification for the pump bowl. 
With agreement from the Regulator this action may be 
completed by alternative means. 


RELEVANT REFERENCE DOCUMENTATION RELATED TO GDA ISSUE 
Technical Queries TQ-AP1000-1045 


Regulatory Observations RO-AP1000-18 


Other Documentation  
 


Scope of work: 
The key activities which will need to be completed to close this GDA Issue are: 


• Complete the arguments and evidence to support the claim that the appropriate 
design codes have been selected for UK Class 2 pressure equipment and storage 
tanks.   


• Justify that the components in AP1000 equipment Class C have been assigned a 
class that is consistent with their intended duty.  This will include justifying that the 
appropriate ASME classification has been assigned to the accumulators and 
connected AP1000 equipment class C components.   


• Provide evidence to demonstrate that an assumed failure of the reactor coolant 
pump (RCP) casing will not have indirect consequences that challenge the 
effectiveness of steam generator on a best estimate basis as described in UKP-
GW-GLR-004. 
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Description of work: 
Action 1 
The AP1000 UK Safety Categorisation and Classification Methodology was revised and 
submitted in May 2010 following extensive interaction with ONR on the topic.  The 
methodology categorises and classifies systems, structures, and components (SSCs) 
based on the safety function they perform and the importance they contribute to 
providing that function.  For each classification of equipment, the methodology specifies 
the design codes and standards used in the design of that equipment.  Tables are 
provided in the methodology that explicitly specifies the codes and standards associated 
with each Class1, Class 2, and Class 3 SSCs.   
 
In April 2011, ONR raised a new question regarding the design codes and standards 
associated with UK Class 2 pressure equipment and storage tanks.  Due to the late 
nature of this question inside Step 4 of GDA, Westinghouse was unable to provide a 
response within the defined Step 4 timeframe.  The ONR confirmed that the open 
question was limited solely to the completion of the justification for the codes and 
standards used for pressure equipment and storage tanks in Class 2 SSCs. 
 
To resolve this issue, Westinghouse will perform a review of pressure equipment and 
storage tanks that have been classified as UK Class 2.  For systems that contain Class 2 
equipment, Westinghouse will justify that appropriate codes and standards have been 
applied to the pressure equipment and tanks based on their safety significance.   
 
The UK Class 2 components are identified in the AP1000 UK Safety Categorisation and 
Classification of Systems, Structures, and Components report.  The UK Class 2 
pressure equipment and storage tanks are located in systems with relatively low design 
temperatures and pressures. As defined within the AP1000 UK Categorisation and 
Classification Methodology, Category A safety functions are supported by both passive 
and active equipment.  The primary means to accomplish Category A safety functions is 
using highly reliable passive safety systems designed to nuclear specific codes and 
standards.  The active UK Class 2 systems provide an additional means to accomplish 
these functions and minimise the need to actuate the passive safety features.  The 
justification will demonstrate that given the robust nature of the AP1000 passive systems 
and the absence of a nuclear code written explicitly for Class 2 pressure equipment and 
storage tanks, it is appropriate to design the Class 2 tanks and pressure equipment to 
non-nuclear codes and standards with supplemental quality requirements as 
appropriate.  This approach and justification has been used to justify the codes and 
standards implemented for Class 2 components in other technical areas such as 
mechanical engineering and civil engineering.  Following this approach will provide a 
consistent implementation for codes and standards for Class 2 components. 
 
Additional supplemental quality requirements are specified for UK Class 2 SSCs which 
perform defense in depth safety functions. These requirements are highlighted in 
Section 6.5.2 of the AP1000 UK Safety Categorisation and Classification Methodology 
and described in Chapter 17 of the European DCD.  The response to this action will 
further highlight these items to demonstrate additional quality measures are imposed to 
UK Class 2 components. 
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Action 2 
The AP1000 accumulators and connected equipment are classified as AP1000 
equipment Class C. In April 2011 ONR inquired why the accumulators were designed 
according to ASME Code, Section III, Class 3 as opposed to ASME Code, Section III, 
Class 2 as they are in some existing nuclear power plants.  The late nature of this 
question within the GDA process did not allow Westinghouse an opportunity to provide a 
response during GDA.     
 
The standard AP1000 safety classification methodology is provided in Section 3.2 of the 
European Design Control Document (EDCD), which was provided to ONR during Step 3 
of GDA.   
 
In addition to 10 CFR 50.55a, the standard AP1000 safety classification has been 
developed considering requirements and guidelines in the following: 


• ANSI N18.2 – safety classification 


• ANS 51.1 – safety classification 


• U.S. NRC Regulatory Guide 1.26 – Quality Groups 


• U.S. NRC Regulatory Guide 1.97 – instrumentation requirements 


• 10 CFR 21 
 


The specific classifications for various structures, systems, and components included in 
U.S. NRC Regulatory Guide 1.26, ANSI 18.2, and ANS 51.1 are based on a NPP with 
active safety systems and are not necessarily appropriate for the passive safety systems 
of the AP1000 design. Unlike the current generation of Light Water Reactors, the 
AP1000 design uses passive safety systems that rely exclusively on natural forces such 
as density differences, gravity, and stored energy to provide water and air for core and 
containment cooling. Recognising this difference, an appropriate classification 
methodology was developed by Westinghouse that adapted these guidelines for the 
AP1000 passive approach to safety.   This methodology was reviewed and approved by 
other international regulatory bodies as part of the AP1000 standard design approval.  In 
response to this action, Westinghouse will describe these adaptations and justify that 
they are adequate to provide the required system reliability.   
 
Equipment that is required to provide core cooling in the event of an accident and does 
not meet the criteria defined for AP1000 equipment Class A or B is classified as AP1000 
equipment Class C.  Class C is a safety related Class equivalent to ANS Safety Class 3.  
ASME Code, Section III, Class 3 applies to pressure retaining equipment in this class.   
 
Westinghouse will provide an assessment that compares the construction, fabrication, 
and inspection requirements between AP1000 Class B and C equipment.  The 
assessment will highlight the consequences of those differences in terms of design 
margin and worker dose exposure to demonstrate that the appropriate equipment has 
been assigned to AP1000 equipment Class C.   
 
Action 3 
The AP1000 RCP casing is manufactured from a single piece forging.  The pump casing 
is welded directly to the bottom of the steam generators (SG) and connected to the 
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Reactor Coolant System (RCS) cold leg piping.  The weld to the SG is assumed to be 
part of the SG, and the weld to the coolant piping is assumed to be part of RCS piping.  
Therefore, there are no welds directly associated with the RCP casing.   
 
A UK Structural Integrity Classification Assessment was conducted to determine if there 
was a need to classify any AP1000 primary components as either High Safety 
Significant (HSS) or High Integrity (HI).  The assessment is documented in UKP-GW-
GLR-004.  The assessment considered both the direct and indirect consequences of an 
assumed gross failure of a defined component.  The gross failure was generally 
considered to be a disruptive failure of the pressure boundary of the component along a 
defined weld.  The weld to the SG was classified as HSS due to potential concerns 
regarding a gross failure of the weld to the SG channel head could cause a disruptive 
failure of the channel head which could lead to failure of the vertical support of the SG.  
The assessment of the RCP primarily focused on the effects of the failure of the pump 
casing on the surrounding structure.  It did not directly consider the effects of a failure of 
the pump casing on the SG support.   
 
To resolve this action, Westinghouse will expand the assessment to examine the effects 
of a failure of the casing on the SG support.  The first step in the assessment is to 
determine what are credible fragment sizes for potential missiles resulting from a failure 
of the RCP casing.  Once the potential missile size is determined, a missile impact 
assessment will be completed that examines the effect of the failure on the SG support.  
The assessment will be based on the R3 or another equivalent methodology.  
 
The deliverables for Action 1 through Action 3 will be UKP-GW-GL-105, UKP-GW-GL-
106, and UKP-GW-GL-107 respectively.  
 


 
Schedule/ programme milestones: 
Please see the following page for the schedule. 
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Methodology: 
Action 1 
Westinghouse will perform a review of systems that contain UK Class 2 SSCs and 
complete the justification that the codes and standards applied to the pressure 
equipment and storage tanks are appropriate given their role in supporting their safety 
functions and the demands the equipment is subjected to.   
 
Action 2 
The response will describe why it was necessary to adapt the existing guidance for the 
AP1000 plant relative to the codes and standards applied to the standard AP1000 
Class C components.  Westinghouse will provide an assessment that compares the 
construction, fabrication, and inspection requirements between AP1000 Class B and C 
equipment and demonstrate that the appropriate ASME Section III classification has 
been assigned to each AP1000 component classification.  The approach will 
demonstrate that the applied codes and standards will provide the necessary reliability 
for the components to perform their required safety functions.   
 
Action 3 
R3 or another equivalent methodology. 
 


 
Justification of adequacy: 
Action 1 
Please refer to the description of work.  The justifications for pressure equipment and 
tanks classified as UK Class 2 SSCs will complete the demonstration that the 
appropriate codes and standards have applied to the design of the identified UK Class 2 
SSCs.  The justification will demonstrate that the appropriate codes and standards have 
been applied to Class 2 pressure equipment and storage tanks to allow them to reliably 
perform their intended functions relative to the overall AP1000 approach to safety.  This 
is the same approach as what has been used for the justification for the codes and 
standards used for Class 2 components in other GDA review areas such as mechanical 
engineering and civil engineering.  This provides confidence that a successful resolution 
will be reached following this approach.   
 
Action 2 
Please refer to the description of work.  The response will demonstrate that the standard 
AP1000 safety classification methodology for equipment Class C components is 
appropriate considering the differences in design margin and worker dose exposure 
compared to the design standards used for AP1000 equipment Class B components.  
The response will demonstrate that adaptations of the existing historical guidance for 
classification of standard AP1000 Class C SSCs is appropriate.   
 
Action 3 
Please refer to the description of work.  The proposed evaluation will demonstrate that 
missiles generated assuming a gross failure of the RCP casing should not lead to 
significant core damage and containment failure.    
 
Timely closure of the actions defined in this Issue will be reached through maintaining 


Westinghouse Proprietary Class 2 NPP_JNE_000724 
 Enclosure 22







 Resolution Plan for GI-AP1000-SI-06   


quality interaction with ONR and using existing processes to assure closure of open 
items. 
 


 
Impact assessment: 
The Safety Submission Documents (Pre-Construction Safety Report (primarily Chapter 
20), Environment Report and its supporting documents, Design Reference Point, Plant 
Life Cycle Safety Report, Master Submission List and Roadmap) will be updated as 
appropriate.  
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1              to maintain safety and protect the environment, common defense, and security
(performance measures are identified for this goal; but not for the rest, because ensuring public
health                    and safety from the operations and activities of its licensees is its primary
statutory responsibility);

2              increase public confidence;

3              make its activities more effective, efficient, and realistic; and

4              reduce unnecessary regulatory burden on stakeholders.

 

NRC has worked with industry to determine the number of additional license renewals that can be
expected over the next several years. NRC has said that its workload is moving away from
decommissioning and towards license renewal.
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NUCLEAR REACTOR LICENSE RENEWAL 
NRC Generally Follows Documented Procedures, but 
Its Revisions to Environmental Review Guidance 
Have Not Been Timely 

Why GAO Did This Study 

Many U.S. commercial nuclear power 
reactors are reaching the end of their 
initial 40-year operating period. To 
continue operating, their owners must 
renew their licenses with NRC, the 
independent federal agency 
responsible for licensing and regulating 
nuclear reactors. NRC evaluates 
license renewal applications under two 
parallel reviews for safety and potential 
environmental impacts. NRC’s license 
renewal process has received 
increasing public scrutiny due, in part, 
to the 2011 disaster at Japan’s 
Fukushima Daiichi nuclear plant. 

GAO was asked to review NRC’s 
license renewal process for 
commercial nuclear power reactors. 
This report examines (1) the scope of 
the license renewal process, (2) the 
extent to which NRC updates its safety 
and environmental review guidance, 
(3) the extent to which NRC follows its 
documented license renewal 
procedures, and (4) knowledgeable 
stakeholders’ views on the strengths 
and weaknesses in the license renewal 
process and any suggestions for 
improvements. GAO reviewed 
documents; visited two nuclear power 
plants selected based on 
characteristics such as having gone 
through the license renewal process; 
assessed the consistency of NRC 
reviews with documented procedures; 
and interviewed NRC officials and 
stakeholders from industry and public 
interest groups. GAO did not evaluate 
the adequacy or substance of NRC 
reviews or the quality of the agency’s 
license renewal procedures. 

GAO is not making recommendations. 
NRC neither agreed nor disagreed with 
GAO’s findings. 

What GAO Found 

The scope of the Nuclear Regulatory Commission’s (NRC) license renewal 
process focuses on managing the effects of aging on a reactor and its associated 
systems, structures, and components (i.e. safety) and assessing certain potential 
environmental impacts of extending a reactor’s operating-life. As a result, reviews 
done as part of this process are not required to address as many topics as 
reviews for initial licensing, which include security and emergency planning.  

NRC has regularly updated the safety review guidance it uses in the license 
renewal process but has not revised most of its environmental review regulations 
and guidance since they were first issued. NRC has revised its safety review 
guidance twice—in 2005 and 2010—and has issued interim updates for selected 
safety issues between those revisions. In contrast, NRC has not revised most of 
its environmental review regulations and guidance since they were first issued 
starting in 1996. NRC regulations state the agency’s goal is to review its 
environmental findings every 10 years and update its license renewal regulations 
and guidance, if necessary. Consistent with this goal, NRC initiated the revision 
process in 2003. In December 2012, the NRC Commissioners approved draft 
regulations, but they directed agency staff to make additional changes. As of 
March 2013, NRC staff were working on these changes. According to NRC 
officials, reasons for the lengthy revision process include limited staff resources 
and competing demands on those resources as well as an unusually large 
number of technical issues needing evaluation. NRC requires applicants and 
expects agency staff to consider new and significant environmental information in 
the license renewal process, but its use of regulations and guidance originally 
issued 17 years ago has created the impression among some that the agency is 
using outdated information and has caused uncertainty for some license renewal 
applicants about what guidance will be used to evaluate their application. 

NRC generally followed its procedures when reviewing selected safety and 
environmental elements in eight license renewal applications GAO examined. 
NRC’s safety reviews were generally consistent with the agency’s procedures for 
evaluating both an applicant’s identification of components within the scope of 
the license renewal process and proposed buried piping and tanks inspection 
and fire protection programs for aging management. NRC’s environmental 
reviews were also generally consistent with agency procedures for evaluating (1) 
new and significant information for two generic environmental issues; (2) 
applicants’ assessments of two site-specific environmental issues; and (3) 
applicants’ analyses of alternatives for mitigating severe reactor accidents.  

Knowledgeable stakeholders interviewed by GAO identified various perceived 
strengths and weaknesses and potential improvements to the license renewal 
process. Stakeholders most often identified NRC staff’s technical knowledge and 
the thoroughness of the agency’s reviews as perceived strengths of the process. 
Stakeholders also identified a range of perceived weaknesses in the license 
renewal process, including claims that its scope is too narrow and that its public 
hearing process is flawed and inhibits meaningful public participation. 
Accordingly, some stakeholders suggested potential changes to improve the 
license renewal process, including broadening the scope of NRC’s reviews and 
modifying aspects of the public hearing process.   

View GAO-13-493. For more information, 
contact Frank Rusco at (202) 512-3841 or 
ruscof@gao.gov. 
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441 G St. N.W. 
Washington, DC 20548 

May 30, 2013 

Congressional Requesters 

U.S. commercial nuclear power reactors generated nearly 20 percent of 
the nation’s electricity in 2012, but many of them are reaching or have 
reached the end of their initial 40-year operating period.1 For these 
reactors to continue operating, their owners must renew their licenses 
with the Nuclear Regulatory Commission (NRC), the independent federal 
agency responsible for licensing and regulating nuclear reactors and 
overseeing their safe operation and security. NRC allows reactor owners 
to apply for renewal of their operating licenses for up to an additional 20 
years, and owners may apply to renew licenses more than once. Since 
2000, NRC has renewed operating licenses for 73 of the nation’s nuclear 
reactors.2 As of May 2013, NRC was reviewing license renewal 
applications for 14 reactors and expected to receive renewal applications 
for 15 more reactors in the next 5 years, according to NRC documents.3

In recent years, NRC’s license renewal process has received increasing 
public scrutiny. In 2007, NRC’s Office of the Inspector General (OIG) 
reported that NRC had developed a comprehensive process for reviewing 
license renewal applications, but agency staff had not consistently 
reviewed or independently verified applicant-supplied operating 

 
With relatively few new nuclear reactors expected to go into operation in 
the United States this decade, nuclear power’s contribution to the nation’s 
energy supply may depend in large part on the number of existing 
reactors operating under renewed licenses. 

                                                                                                                     
1In this report, when we use the term power plant, we are referring to an entire site, and 
nuclear power reactors are the individual units at each site. 
2In February 2013, the owner of the Crystal River Nuclear Plant in Florida permanently 
shut down that site’s reactor and, in May 2013, the owner of the Kewaunee Power Station 
in Wisconsin permanently shut down that site’s reactor. These actions reduced the 
number of operating commercial nuclear power reactors in the United States from 104 to 
102. The Kewaunee reactor was one of the 73 reactors with an operating license renewed 
by NRC. As a result, as of May 2013, there are 72 commercial nuclear power reactors 
with renewed operating licenses operating in the United States. 
3The owner of the Watts Bar nuclear reactor in Tennessee—whose initial operating 
license does not expire until 2035—has not submitted a license renewal application and 
has not notified NRC of its intent to submit an application.  
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experience information.4 In 2011, following the disaster at Japan’s 
Fukushima Daiichi nuclear power plant,5 more than 40 public interest 
groups and individuals called for a moratorium on license renewal 
decisions until NRC completed its review of lessons learned from the 
disaster and issued any regulatory decisions and environmental analyses 
based on those lessons. In May 2012, NRC held a public meeting to 
collect comments on issues for the agency to consider as it prepares for 
future reviews of applications to renew reactor operating licenses for a 
second time. Renewing an operating license for a second time would 
allow a reactor to operate for a total of up to 80 years. In August 2012, the 
NRC Commissioners suspended all pending license renewal decisions 
until the agency addresses a federal appeals court decision vacating 
NRC’s Waste Confidence Decision and Temporary Storage Rule, which 
embodies the agency’s generic determination on the environmental 
impacts of continued storage of spent nuclear fuel beyond the licensed 
life for nuclear reactor operations and prior to its ultimate disposal in a 
geologic repository.6

                                                                                                                     
4NRC Office of the Inspector General, Audit of NRC’s License Renewal Program, OIG-07-
A-15 (Washington, D.C.: September 2007). 

 According to agency documents, NRC has 
historically used this generic determination to satisfy the agency’s 

5On March 11, 2011, a 9.0-magnitude earthquake and subsequent tsunami devastated 
northeast Japan. The Fukushima Daiichi nuclear power plant suffered extensive damage 
when a tsunami wave that exceeded the plant’s seawall flooded the site and caused a 
prolonged loss of electrical power at several of its reactors. As a result of the loss of 
power, plant operators were unable to keep three of the reactors cool, which led to fuel 
melting, hydrogen explosions, and the release of radioactive material into the 
environment. The disaster displaced tens of thousands of residents and contaminated the 
surrounding area. The Japanese government expects recovery to take years and cost 
billions of dollars. 
6On June 8, 2012, the U.S. Court of Appeals for the District of Columbia Circuit found that 
some aspects of NRC’s 2010 Waste Confidence Decision Update and associated 
Temporary Storage Rule did not satisfy the agency’s National Environmental Policy Act 
obligations and vacated the Decision Update and Rule. According to a NRC document, 
the Waste Confidence Decision and Rule represent NRC’s generic determination that 
spent nuclear fuel can be stored safely and without significant environmental impacts for a 
period of time after the end of the licensed life of a nuclear reactor. See 75 Fed. Reg. 
81,037 (Dec. 23, 2010). The court held that NRC needed to examine the potential 
environmental impacts of failing to secure permanent disposal for spent nuclear fuel, the 
risk of potential spent fuel pool leaks, and the potential consequences of spent fuel pool 
fires. In response to the court’s decision, NRC decided to stop all final licensing decisions 
that rely on the Waste Confidence Decision and Rule, including license renewals, but it 
directed that agency staff should continue all licensing reviews and proceedings. The NRC 
Commissioners have directed agency staff to issue the final Environmental Impact 
Statement and Rule to address the court’s concerns by no later than September 2014. 



 
  
 
 
 

Page 3 GAO-13-493  NRC’s License Renewal Process 

obligations under the National Environmental Policy Act7

In this context, you asked us to review NRC’s license renewal process for 
commercial nuclear power reactors. This report examines (1) the scope of 
the license renewal process; (2) the extent to which NRC updates the 
safety and environmental review guidance used in the license renewal 
process; (3) the extent to which NRC follows the agency’s documented 
license renewal procedures; and (4) knowledgeable stakeholders’ views 
on the strengths and weaknesses in the license renewal process and 
suggestions, if any, for improving the process. 

 with respect to 
continued spent fuel storage and has incorporated the generic 
determination by reference into license renewal supplemental 
environmental impact statements. 

To conduct this work, we reviewed relevant laws, regulations, and NRC 
guidance and interviewed NRC headquarters and regional officials 
involved in the license renewal process. To describe the scope of the 
license renewal process, we reviewed NRC regulations and guidance. In 
addition, we visited a nonprobability sample of two nuclear power 
plants—Millstone Power Station in Connecticut and the Pilgrim Nuclear 
Power Station in Massachusetts—to interview plant representatives about 
their experience with the license renewal process and to observe 
programs implemented at the sites following a license renewal.8

                                                                                                                     
7Pub. L. No. 91-190, 83 Stat. 852 (1970), codified as amended at 42 U.S.C. §§ 4321-4347 
(2013). Under the National Environmental Policy Act, federal agencies must assess the 
effects of major federal actions—those they propose to carry out or to permit—that 
significantly affect the environment. The National Environmental Policy Act has two 
principal purposes: (1) to ensure that an agency carefully considers detailed information 
concerning significant environmental impacts and (2) to ensure that this information will be 
made available to the public.  

 We 
selected these sites to capture a variety of characteristics, including sites 
that had gone through the license renewal process, at least one site that 
was operating under a renewed license beyond its initial 40-year 
operating period, and at least one site that was the subject of a public 
hearing concerning a challenge to its license renewal application. To 
determine the extent to which NRC updates the safety and environmental 
review guidance used in the license renewal process, we examined NRC 
documents, reviewed changes made to license renewal safety and 

8Because this was a nonprobability sample, the information we gathered from these site 
visits is not generalizable to all nuclear power plants but provides important illustrative 
information.  
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environmental guidance, and interviewed NRC officials. To determine the 
extent to which NRC followed the agency’s documented license renewal 
procedures, we selected a nonprobability sample of safety and 
environmental review elements that are assessed as part of NRC’s 
license renewal process and identified the agency’s documented 
procedures for reviewing those elements. We then identified the actions 
NRC staff took to review the selected elements, as documented in NRC 
audit reports, inspection reports, and final safety and environmental 
reports, for a nonprobability sample of eight license renewal applications. 
Our nonprobability sample consisted of license renewal applications for 
Columbia Generating Station, Duane Arnold Energy Center, Millstone 
Power Station (Unit 3), Monticello Nuclear Generating Plant, Pilgrim 
Nuclear Power Station, Shearon Harris Nuclear Power Plant, Virgil C. 
Summer Nuclear Station, and Wolf Creek Generating Station.9 We 
selected this sample to capture a variety of characteristics, including 
reactors from different NRC regions, and reactors whose license renewal 
applications were reviewed using different versions of NRC’s safety and 
environmental review guidance. We then compared NRC staff’s 
documented actions with the agency’s documented procedures to assess 
the level of consistency for the review elements in our sample. We did not 
evaluate the adequacy or substance of NRC’s review actions or the 
quality of its documented license renewal procedures. To describe 
knowledgeable stakeholders’ views of strengths and weaknesses in 
NRC’s license renewal process, we interviewed 15 stakeholders. To 
ensure coverage and a range of perspectives, we selected stakeholders 
who came from industry, public interest groups, state governments, and 
NRC’s Advisory Committee on Reactor Safeguards (ACRS).10

                                                                                                                     
9Because this was a nonprobability sample, our results are not generalizable to all license 
renewal reviews but provide examples of safety and environmental review elements that 
NRC reviewed as part of its license renewal process.    

 We 
analyzed stakeholders’ responses to a standard set of questions and 

10ACRS is a body of nuclear, engineering, and safety experts appointed by the NRC 
Commissioners, which is independent of the NRC staff and reports directly to the NRC 
Commissioners. ACRS is established in statute. The committee has four primary 
purposes: (1) to review and report on safety studies and reactor facility license and license 
renewal applications; (2) to advise the NRC Commissioners on the hazards of proposed 
and existing production and utilization facilities and the adequacy of proposed safety 
standards; (3) to initiate reviews of specific generic matters or nuclear facility safety-
related items; and (4) to provide advice in the areas of health physics and radiation 
protection.  
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summarized the results. Appendix I presents a more detailed description 
of our objectives, scope, and methodology. 

We conducted this performance audit from May 2012 to May 2013 in 
accordance with generally accepted government auditing standards. 
Those standards require that we plan and perform the audit to obtain 
sufficient, appropriate evidence to provide a reasonable basis for our 
findings and conclusions based on our audit objectives. We believe that 
the evidence obtained provides a reasonable basis for our findings and 
conclusions based on our audit objectives. 

 
NRC issues licenses for commercial nuclear power reactors to operate for 
up to 40 years and allows these licenses to be renewed for up to an 
additional 20 years.11 There is no set limit on the number of times a 
reactor’s operating license can be renewed. Most of the nation’s 102 
operating commercial nuclear power reactors received their initial 
operating licenses in the 1970s and 1980s.12

                                                                                                                     
11The decision to seek license renewal rests entirely with reactor owners and, according 
to NRC documents, is typically based on the reactor’s economic situation and whether it 
can meet NRC requirements. 

 By the end of 2013, 64 
reactors will have held an operating license for at least 30 years, and of 
these reactors, 20 will have held an operating license for 40 years or 
more (see fig. 1). As a result, many reactors are reaching or have 
reached the end of their initial 40-year operating period. As of May 2013, 
NRC had renewed 73 reactor licenses and was reviewing license renewal 
applications for 14 reactors. 

12One reactor received its operating license in 1969, and 6 reactors received their 
operating licenses in the 1990s, with the last of those reactors receiving its operating 
license in 1996. The other 95 reactors received their operating licenses from 1970 through 
1989. Appendix II lists, for each of the nation’s operating reactors, the date of their initial 
operating license, their license renewal status, and the date their current license is set to 
expire.  

Background 
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Figure 1: Operating Commercial Nuclear Power Reactors and Their License Renewal Status as of May 2013 

 
 
Note: In February 2013, the owner of the Crystal River Nuclear Plant in Florida permanently shut 
down that site’s reactor and, in May 2013, the owner of the Kewaunee Power Station in Wisconsin 
permanently shut down that site’s reactor. These actions reduced the number of operating 
commercial nuclear power reactors in the United States from 104 to 102. The Kewaunee reactor was 
one of the 73 reactors with an operating license renewed by NRC. As a result, as of May 2013, there 
are 72 commercial nuclear power reactors with renewed operating licenses operating in the United 
States. 
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NRC has used its documented license renewal process for commercial 
nuclear reactors since the first license renewal application was submitted 
in 1998. The process begins when a reactor owner submits an application 
to NRC to renew its operating license (see fig. 2).13 The application must 
include two evaluations: (1) a safety review on the aging of certain 
systems, structures, and components and a description of the programs 
the applicant plans to use to manage the negative effects of aging during 
the reactor’s extended operating-life and (2) an environmental review on 
the potential environmental impacts if the reactor operates for another 20 
years. NRC staff review the application through audits and by requesting 
additional information from applicants to address any staff questions.14

                                                                                                                     
13According to NRC regulations, a reactor owner may apply to renew its operating license 
as early as 20 years before expiration of the current license, 10 C.F.R. § 54.17(c) (2013). 
There is no limit on how late a reactor owner can apply for license renewal. However, 
according to NRC regulations, if a reactor owner files a license renewal application that is 
sufficient for NRC’s review at least 5 years before expiration of its existing license, and the 
agency is reviewing the application at the end of the 5 years, the reactor’s operating 
license will not be deemed to have expired until NRC has reached a final determination on 
its application, 10 C.F.R. § 2.109(b) (2013). If a sufficient application is not submitted at 
least 5 years before the current license expires, and the current license expires before the 
review has been completed, the reactor will have to cease operations unless an 
exemption to 10 C.F.R. § 2.109(b) is granted. 

 
Agency staff also verify through inspections that applicants meet license 
renewal requirements and have implemented programs and activities 
consistent with their application and NRC’s safety review. The public may 
submit comments and attend meetings at several points during the 
license renewal process. In addition, a person whose interest may be 
affected by the renewal can file a written request for a hearing or a 
petition for leave to intervene in the renewal of the license, and those 
challenges may be litigated in a public hearing before NRC’s Atomic 
Safety and Licensing Board if certain requirements are met. ACRS—an 
independent body of nuclear, engineering, and safety experts appointed 
by the NRC Commissioners—reviews the NRC staff’s final safety report 

14According to NRC documents, agency staff uses requests for additional information to 
obtain the information they need to make a regulatory decision that is fully informed, 
technically correct, and legally defensible. Requests for additional information are 
necessary when the information was not included in an applicant’s initial submission, is 
not contained in any other docketed correspondence, or cannot reasonably be inferred 
from the information available to agency staff. For example, according to NRC officials, 
agency staff use requests for additional information during the environmental review to 
look for new or updated information on the issues they are reviewing as part of the license 
renewal process.  
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and inspection findings and makes a recommendation as to whether or 
not a license renewal application should be approved. 

Figure 2: Key Steps of NRC’s License Renewal Process for Nuclear Power Reactors 
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Once agency staff reviews are finalized, ACRS has made its 
recommendation, and any Atomic Safety and Licensing Board hearings 
are completed, NRC makes a final determination on whether or not to 
renew a reactor’s operating license. According to NRC documents, the 
agency generally expects to complete a license renewal review within 22 
months of an application’s submission, if there is not a public hearing. If 
there is a public hearing, the agency generally expects a license renewal 
review to be completed within 30 months. If NRC renews a reactor’s 
operating license, agency staff perform an additional inspection to verify 
that the reactor owner has implemented the commitments, license 
conditions, and aging management programs it agreed to during the 
license renewal process. The inspection typically happens prior to a 
reactor operating beyond its initial 40-year operating period. 

In September 2007, NRC’s OIG issued an audit report detailing its 
findings on NRC’s license renewal safety reviews.15 Overall, the OIG 
found that NRC had developed a comprehensive license renewal process 
but identified eight recommendations for improvement. In particular, the 
OIG recommended that NRC establish report-writing standards for 
agency staff describing the license renewal review methodology and 
supporting the conclusions in license renewal reports. The OIG also 
recommended that the agency establish requirements and management 
controls to standardize the depth and conduct of license renewal reviews 
of plant-specific operating experience. According to the OIG report, 
reviews of plant-specific operating experience are important for license 
renewal decisions because they can help identify lessons learned for 
detecting and monitoring the negative effects of aging on components, as 
well as appropriate actions that may be taken to address these issues. 
NRC staff agreed to implement both of these recommendations along 
with five of the OIG’s other recommendations and took steps to 
implement them.16

                                                                                                                     
15OIG-07-A-15. 

 In 2010, the OIG determined that NRC had adequately 
addressed each recommendation it had agreed to implement. We 
reviewed NRC reports for license renewal applications that were audited 
and approved for license renewal after the agency put revised guidance 
into effect in 2009 to address the OIG’s recommendation on standardizing 

16The OIG’s eighth recommendation was directed to the NRC Commissioners. According 
to NRC documents, the OIG closed this recommendation in 2008.  
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the depth and conduct of plant-specific operating experience reviews.17 
We determined the NRC reports documented that agency staff generally 
followed the revised guidance during on-site audits for those license 
renewal applications.18

 

 

The scope of NRC’s license renewal process focuses on managing the 
negative effects of aging on the reactor and its associated systems, 
structures, and components, as well as assessing the potential 
environmental impacts of extending a reactor’s operating-life. This scope 
is reflected in the two reviews that comprise NRC’s license renewal 
process. NRC evaluates license renewal applications through two parallel 
staff reviews—one focused on safety issues and one focused on the 
potential environmental impacts of extending a reactor’s operating life.19 
NRC has focused the license renewal safety review primarily on whether 
the applicant has proposed programs that will adequately manage the 
negative effects of aging on certain nonmoving, long-lived parts, such as 
piping, structural supports, and cables.20

                                                                                                                     
17Specifically, we assessed whether NRC audit and safety evaluation reports documented 
that agency staff followed NRC’s revised guidance during onsite license renewal audits to 
(1) independently search applicant records for potential operating experience issues, (2) 
examine the results of this search to find issues concerning aging degradation, and (3) 
determine whether the applicant appropriately considered these issues in its license 
renewal application. We reviewed NRC reports for the seven license renewal applications 
that were audited and approved for license renewal after NRC put its revised guidance 
into effect in April 2009: Columbia Generating Station, Cooper Nuclear Station, Duane 
Arnold Energy Center, Hope Creek Generating Station, Kewaunee Power Station, Palo 
Verde Nuclear Generating Station, and Salem Nuclear Generation Station.  

 NRC includes three categories 

18We did not evaluate the adequacy or the substance of NRC staff reviews or the quality 
of the agency’s procedures. 
19NRC requirements for license renewal, including requirements related to safety, are 
codified in 10 C.F.R. pt. 54. NRC first promulgated these requirements in 1991. Based on 
lessons learned from a demonstration program, NRC amended the requirements in 1995. 
In particular, the agency clarified the requirements to focus on managing the negative 
effects of aging. NRC environmental review procedures, applicable to license renewal 
among other things, are codified in 10 C.F.R. pt. 51, along with the agency’s regulations 
for implementing the National Environmental Policy Act. NRC amended these regulations 
in 1996 to establish requirements specific to the license renewal stage, including the 
agency’s findings on the potential environmental impacts of license renewal. 
20Nonmoving parts are passive structures and components that perform their intended 
functions without moving parts or without a change in configuration or properties, such as 
piping, structural supports, and cables. Long-lived parts are those structures and 
components that are not subject to replacement based on a qualified life or specified time 
period, as set forth in 10 C.F.R. § 54.21 (a)(1)(ii).  

Scope of NRC’s 
License Renewal 
Process Focuses on 
Managing Aging and 
Assessing Potential 
Environmental 
Impacts 
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of systems, structures, and components within the scope of the license 
renewal process: (1) those that are safety-related; (2) those that are not 
safety-related, but whose failure could affect safety-related functions; and 
(3) those that are relied on in safety analyses or plant evaluations to 
perform a function that demonstrates compliance with specific NRC 
regulations. Similarly, NRC has focused its license renewal environmental 
review on assessing a defined set of potential environmental impacts of 
license renewal. Specifically, a number of issues are evaluated 
generically for all reactors, rather than separately in each reactor’s 
application. Other issues are evaluated through site-specific reviews of 
the environmental impacts of license renewal and, according to NRC 
documents, follow the agency’s National Environmental Policy Act 
regulations.21

Because license renewal reviews are not as broad as the reviews NRC 
conducts during a reactor’s initial licensing, a number of topics, such as 
security and emergency planning, are not considered during the license 
renewal process.

 

22 According to NRC documents, the scope of the 
license renewal process is based on two key principles: (1) that the 
agency’s ongoing regulatory processes are adequate to ensure that all 
currently operating reactors are operated safely within their licensing 
bases now and will continue to be in the future, with the possible 
exception of the negative effects of aging on certain passive, long-lived 
components; and (2) that, in addition to requirements for aging 
management, the manner in which these reactors are currently 
maintained will be similarly maintained beyond the original 40-year 
operating period. As a result, according to agency documents, NRC has 
determined that it does not need to evaluate license renewal applications 
against the full range of safety requirements considered during a reactor’s 
initial licensing. Instead, it can focus its review on how the negative 
effects of aging on certain components will be managed in the years after 
a reactor’s original 40-year operating period.23

                                                                                                                     
2110 C.F.R. pt. 51 (2013).  

 For example, risks of 

22According to NRC officials, safety-related concerns that fall outside the scope of the 
license renewal process are to be addressed under other NRC regulations, which apply 
on an ongoing basis, including during the license renewal period.  
23NRC, Foundation for the Adequacy of the Licensing Bases: A Supplement to the 
Statement of Considerations for the Rule on Nuclear Power Plant License Renewal (10 
C.F.R. Part 54), NUREG-1412 (Washington, D.C.: 1991). 
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seismic events such as earthquakes are not explicitly covered in the 
license renewal safety review because NRC considers these to be 
ongoing safety matters that are addressed at all reactors. According to 
NRC documents, if new seismic information was identified, NRC would 
act on that information through its ongoing regulatory processes, 
regardless of whether a reactor had received a renewed operating license 
or not. For example, after it was determined that the potential risk posed 
by earthquake hazards for some nuclear power reactors in the central 
and eastern United States might be larger than previously estimated, 
NRC initiated a program to examine the implications of the new seismic 
hazard estimates for reactors operating in those regions of the country.24

 

 

NRC has regularly updated its safety review guidance for the license 
renewal process by formally revising key documents on a periodic basis 
and by issuing interim staff guidance on selected safety issues between 
revisions, but it has not revised most of the environmental review 
regulations and guidance since their original issuance. In 2001, the 
agency issued its original safety review guidance, including a standard 
review plan for each element of the safety review25 and a technical report 
that documents the staff’s generic evaluation of aging management 
programs and provides the technical basis for determining whether 
applicant programs are adequate for the extended period of operation 
authorized by a renewed license.26

                                                                                                                     
24NRC, Implications of Updated Probabilistic Seismic Hazard Estimates in Central and 
Eastern United States, Generic Issue 199 (Washington, D.C.: June 9, 2005). 

 NRC has revised these guidance 
documents twice—in 2005 and 2010—to reflect lessons learned during 
previous license renewal reviews and new operating experience 
information. Additionally, NRC has issued interim updates to its safety 

25NRC, Standard Review Plan for Review of License Renewal Applications for Nuclear 
Power Plants, NUREG-1800 (Washington, D.C.: July 2001). 
26NRC, Generic Aging Lessons Learned (GALL) Report, NUREG-1801 (Washington, 
D.C.: July 2001).  

NRC Has Regularly 
Updated Its Safety 
Review Guidance but 
Has Not Revised Most 
of Its Environmental 
Review Guidance 
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review guidance for selected safety issues between formal revisions.27 
For example, since the last revision of the safety review guidance in 
2010, NRC has issued four final interim guidance documents that have 
updated the agency’s guidance on such topics as an acceptable 
approach for managing the negative effects of aging on buried and 
underground piping and tanks.28

In contrast, NRC has not revised most of the environmental review 
regulations and guidance for the license renewal process since those 
documents were first issued starting 17 years ago.

 Interim guidance updates are then 
integrated into the safety review guidance during the next formal revision. 
According to NRC officials, the agency does not wait for guidance 
updates to be finalized to address new issues; NRC staff are expected to 
address such issues as they are identified for applications currently under 
review and future applications, typically through requests for additional 
information. 

29

                                                                                                                     
27NRC’s license renewal interim staff guidance process allows agency staff, industry, and 
stakeholders to propose changes to certain license renewal guidance documents. 
According to NRC documents, the process is meant to capture and communicate new 
insights, lessons learned, and emergent issues with each renewed license. NRC staff are 
expected to evaluate proposed guidance changes, develop draft interim staff guidance, 
issue the draft interim staff guidance for public comment, evaluate any comments 
received, and, if necessary, issue final interim staff guidance. Once approved, the final 
interim staff guidance supersedes prior guidance and is incorporated by NRC staff into a 
formal license renewal guidance document revision. NRC expects agency staff to follow 
the new guidance when reviewing license renewal applications and expects current and 
future applicants to address the new guidance in the license renewal process. Reactor 
owners with previously-renewed licenses may voluntarily use interim staff guidance. The 
interim staff guidance process applies to both the license renewal safety review guidance 
and portions of the environmental review guidance.  

 In 1996, in 
anticipation of the first license renewal applications, NRC published a 
generic environmental impact statement that examined the potential 

28According to NRC officials, almost all interim guidance issued for the license renewal 
process has been updates to the safety review guidance and not the environmental review 
guidance because new information develops at a faster rate for safety issues than for 
environmental issues. In addition, NRC officials told us they believe the agency’s license 
renewal environmental review is a continuous learning process that uses staff evaluations 
of applicant-provided information, information in agency guidance, and the staff’s 
independent review to probe more deeply into environmental issues. In the officials’ view, 
this process results in continuous improvement in license renewal environmental reviews 
such that the use of interim staff guidance for environmental issues would be redundant.  
29NRC amended its environmental review regulations and guidance in 1999, expanding 
the agency’s generic findings about the environmental impacts resulting from the 
transportation of fuel and waste to and from a single nuclear power plant.  
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environmental impacts of renewing reactor operating licenses.30 In the 
generic environmental impact statement, NRC identified the 92 potential 
environmental issues it considered relevant to license renewal. The 
agency analyzed those potential issues and determined which ones it 
believed could be treated generically in applicant environmental reports 
and NRC environmental reviews and which ones would require additional 
site-specific analysis by both applicants and NRC.31 Later that same year, 
NRC promulgated regulations that incorporated the findings from its 
generic environmental impact statement and defined the number and 
scope of environmental issues that applicants and NRC would have to 
address during license renewal reviews.32

                                                                                                                     
30NRC, Generic Environmental Impact Statement for License Renewal of Nuclear Plants: 
Main Report, NUREG-1437, Volume 1 (Washington, D.C.: May 1996). The generic 
environmental impact statement is the technical basis for the environmental issues and 
findings codified in Appendix B to Subpart A of 10 C.F.R. pt. 51. NRC’s license renewal 
interim staff guidance process does not apply to NRC’s generic environmental impact 
statement findings incorporated into the regulation, as regulations can only be changed 
through the federal rulemaking process. 

 Based on these 1996 

31Of the 92 potential environmental issues that NRC identified as relevant to license 
renewal, the agency determined that 69 issues could be treated generically in applicant 
environmental reports and NRC environmental reviews without additional site-specific 
analysis unless agency staff found new and significant information on those issues as part 
of license renewal reviews. NRC categorized potential environmental issues as generic, or 
category 1, issues if the agency found the issues met three criteria: (1) the environmental 
impacts associated with the issue applied to either all reactors or, for some issues, to 
reactors having a specific type of cooling system or other specified reactor or site 
characteristics; (2) a single significance level (small, moderate, or large) had been 
assigned to the impacts, except for collective off-site radiological impacts from the fuel 
cycle and from high-level waste and spent fuel disposal; and (3) NRC analyzed the 
mitigation of the adverse impacts associated with the issue and determined that additional 
site-specific mitigation measures were unlikely to be sufficiently beneficial to warrant 
implementation. NRC further provided that the generic analysis of the issue may be 
adopted in a site-specific review and associated supplemental environmental impact 
statement, such that NRC could elect to conduct a site-specific review of the issue if 
warranted. NRC determined that the remaining 23 potential environmental issues relevant 
to license renewal did not meet all three criteria and would require additional site-specific 
analysis. The agency categorized 21 of these potential environmental issues as category 
2 issues and left the remaining two issues—environmental justice and chronic effects of 
electromagnetic fields—uncategorized. 
32NRC, Environmental Review for Renewal of Nuclear Power Plant Operating Licenses, 
61 Fed. Reg. 28,467 (June 5, 1996), codified at 10 C.F.R. pt. 51, subpt. A, app. B. 
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documents,33 in 1999, NRC issued a standard review plan for agency 
staff to use in conducting environmental reviews34 and, in 2000, a guide 
for applicants outlining the information to include in their license renewal 
environmental reports.35

In its 1996 regulations, NRC established the goal of reviewing its generic 
environmental impact statement findings every 10 years and updating its 
environmental review regulations and guidance, if necessary.

 

36 NRC 
further stated in an explanatory statement published with the regulations 
that it intended to begin reviews about 7 years after the latest version of 
the regulations was issued.37 Consistent with this intent, in 2003, NRC 
initiated the process to update its generic environmental impact report, 
the first step to determine if revisions would be needed to the license 
renewal environmental review regulations and guidance.38

                                                                                                                     
33NRC promulgated amendments to the regulations in 1996 (clarifying changes and 
corrections),1997 (minor corrections), 1999 (expanding the generic findings about the 
environmental impacts due to transportation of fuel and waste to and from a single nuclear 
power plant), and 2001 (minor correction). 

 However, 
according to NRC documents, after soliciting public comments on the 
rulemaking, the agency put the revision process on hold for 2 years due 
to limited staff resources and competing demands on those resources. 
Specifically, NRC officials told us the agency postponed the revision 
process because it decided that completing the large number of licensing 
actions under consideration at that time—including 16 license renewal 
reviews—was a higher priority than updating the license renewal 

34NRC, Standard Review Plan for Environmental Reviews for Nuclear Power Plants–
Supplement 1: Operating License Renewal, NUREG-1555, Supplement 1 (Washington, 
D.C.: October 1999). 
35NRC, Preparation of Supplemental Environmental Reports for Applications to Renew 
Nuclear Power Plant Operating Licenses, Supplement 1 to Regulatory Guide 4.2 
(Washington, D.C.: September 2000). 
3661 Fed. Reg. at 28,468. 
3761 Fed. Reg. at 28,468. 
38NRC, Notice of Intent To Prepare an Environmental Impact Statement for the License 
Renewal of Nuclear Power Plants and To Conduct Scoping Process, 68 Fed. Reg. 33,209 
(June 3, 2003).  
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environmental review regulations.39 NRC restarted the revision process in 
2005.40

Four years later, in 2009, the agency published proposed revisions for its 
license renewal environmental review regulations.

 

41 According to NRC 
officials, it took the agency 4 years to prepare the proposed revisions due 
to the unusually large number of technical issues that needed review as 
part of the rulemaking process, the large number of industry and public 
comments, the number of guidance documents that needed to be 
updated, and competing demands on staff resources from additional 
license renewal reviews. From 2010 to 2012, after re-evaluation based on 
public comment and other factors, NRC staff made further changes to the 
language in the proposed regulations and made related changes to its 
environmental review guidance. In April 2012, NRC staff submitted 
proposed revisions in a rulemaking package to the NRC Commissioners 
for approval.42

The April 2012 proposed revisions would redefine the number and scope 
of environmental issues the agency must address during its 
environmental reviews based on lessons learned and knowledge gained 

 

                                                                                                                     
39According to NRC officials, license renewal reviews were priority work because of the 
importance of maintaining a stable and predictable regulatory process for reactor owners 
seeking timely review and processing of their license renewal applications. 
40NRC, Notice of Extension of the Public Comment Period for Scoping Process To 
Prepare an Environmental Impact Statement for the License Renewal of Nuclear Power 
Plants, 70 Fed. Reg. 57,628 (Oct. 3, 2005). 
41NRC, Proposed Rule, Revisions to Environmental Review for Renewal of Nuclear Power 
Plant Operating Licenses, 74 Fed. Reg. 38,117 (July 31, 2009). Concurrent with 
publication of the proposed rule revisions, NRC published for comment the draft revised 
generic environmental impact statement and proposed revisions to associated guidance 
(Regulatory Guide 4.2, Supplement 1, Preparation of Environmental Reports for Nuclear 
Power Plant License Renewal Applications, and Environmental Standard Review Plan, 
Standard Review Plans for Environmental Reviews for Nuclear Power Plants, Supplement 
1: Operating License Renewal). 
42Also, in conjunction with a January 2012 briefing to the NRC Commissioners, NRC staff 
publicly released a “preliminary draft final” revision to the environmental review regulations 
pertaining to license renewals but did not accept public comment. 
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from previous license renewal reviews.43

• consolidate related environmental issues that were considered 
separately in the 1996 environmental review regulations and 
guidance; 

 Among other things, the 
revisions would 

• add several new environmental issues that would be treated 
generically in applicant environmental reports and NRC environmental 
reviews, such as the effects of dredging on water quality and the 
exposure of aquatic and terrestrial organisms to radionuclides; and 

• add two new environmental issues that would require site-specific 
analysis—(1) the potential impact on groundwater quality from the 
inadvertent discharge of radionuclides into groundwater from reactor 
systems, piping, and tanks and (2) the cumulative impacts of 
continued reactor operations during a reactor’s extended operating-
life. 

In addition, according to NRC documents, the agency has committed to 
developing site-specific analyses for each license renewal review of the 
potential cumulative impacts of greenhouse gas emissions and global 
climate change during a reactor’s extended operating-life.44

In December 2012, the NRC Commissioners approved the rule revisions 
but directed agency staff to make additional changes, including removing 

 

                                                                                                                     
43Based on the April 2012 proposed rule revision, NRC would not eliminate any of the 92 
environmental issues established in the 1996 environmental review regulations and 
guidance but would consolidate and group some issues together based on similarities. As 
a result, the revisions would address 78 environmental issues, 60 of which would be 
treated generically in applicant environmental reports and NRC environmental reviews, 17 
of which would require site-specific analysis, and 1 which would remain uncategorized and 
not require site-specific analysis.  
44According to an NRC document, starting in 2008, NRC began to evaluate the effects of 
greenhouse gas emissions and its implications for global climate change in its site-specific 
environmental reviews for license renewal applications. In 2009, the NRC Commissioners 
directed agency staff to consider carbon dioxide and other greenhouse gas emissions in 
their environmental reviews for licensing actions. NRC included an analysis of greenhouse 
gas impacts in the final revised generic environmental impact statement but did not 
include this issue in its April 2012 revisions to the regulations. NRC will not require license 
renewal applicants to provide information pertaining to greenhouse gas emissions and 
climate change in their environmental reports, according to a NRC document, except as 
needed in cumulative impact assessments. However, NRC staff will be directed to develop 
a site-specific analysis for each license renewal review of the impacts caused by 
greenhouse gas emissions and climate change related to extending a reactor’s operating-
life. 
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references to the NRC Waste Confidence Decision Update and Rule. The 
Waste Confidence Decision Update and Rule considers the storage of 
spent fuel after a reactor ceases operation, and it was vacated by the 
U.S. Court of Appeals in June 2012. According to NRC officials, as of 
March 2013, agency staff were making these changes and planned to 
submit a final package of revisions to the NRC Commissioners and then 
to the Federal Register in May 2013.45

While the agency’s environmental reviews continue to follow regulations 
issued mostly in 1996 and guidance issued based on those regulations, 
NRC staff are expected to apply and document the lessons learned and 
knowledge gained from previous license renewal environmental reviews 
as part of the agency’s ongoing environmental reviews, according to NRC 
officials.

 Until the rule revisions are 
finalized, however, the original versions of NRC’s license renewal 
environmental review regulations and guidance in large part remain in 
effect. 

46

                                                                                                                     
45Per the April 2012 rule revisions as approved by the NRC Commissioners, the finalized 
regulations would go into effect 30 days after they are published in the Federal Register, 
and license renewal applicants who submit license renewal applications a year or more 
after the publication date would be required to comply with the updated regulations. 

 NRC requires reactor owners to include in their applications 
any new and significant information of which the owner is aware 
concerning the potential environmental impacts of renewing their license. 
In addition, NRC procedures direct agency staff to look for new and 
significant information about environmental issues and to consider this 

46According to NRC officials, this includes agency staff addressing and documenting new 
issues, as appropriate, through NRC’s environmental reviews and corresponding requests 
for additional information, whether or not the issues have been incorporated into the 
license renewal environmental review regulations and guidance. 
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information in reviewing license renewal applications.47 According to NRC 
documents, the agency considers information to be new and significant if 
(1) it involves a significant environmental issue that was not covered in 
the agency’s generic environmental impact statement or (2) the 
information was not considered in that document’s analysis and it leads to 
an impact finding that is different from the finding in the generic 
environmental impact statement.48 As of March 2013, according to NRC 
officials, the agency has never identified information during its license 
renewal environmental reviews that it considers both new and significant 
using this definition.49 During our review of NRC review records for 
selected license renewal applications, we confirmed that NRC’s final 
supplemental environmental impact statements documented actions 
agency staff had taken to consider whether, according to NRC’s 
definition, there was new and significant information on environmental 
issues.50

                                                                                                                     
47According to NRC guidance, agency staff are expected to determine if there is new 
information on environmental issues as part of each license renewal environmental 
review. If the staff’s search identifies new information on an environmental issue, then 
they are expected to evaluate the information to determine if it is also “significant” under 
NRC’s definition. If agency staff deem the new information to be significant, then 
additional steps are required to evaluate the information. If agency staff deem the new 
information to not be significant, then they do not analyze the information further in the 
supplemental environmental impact statement associated with the license renewal 
application under review. In this situation, NRC staff are expected to include a section in 
the supplemental environmental impact statement that (1) describes the search for new 
information on the specific environmental issue, (2) summarizes any new information the 
staff identified, (3) presents the staff’s evaluation of the significance of the information, and 
(4) adopts the conclusions in NRC’s generic environmental impact statement for that 
issue. 

 The final reports we reviewed indicated that agency staff had 
considered whether new information existed but determined that none of 

48NRC designates the significance of potential environmental impacts as small, moderate, 
or large. The agency designates the significance of a potential environmental impact as 
small if its environmental effects are not detectable or are so minor that they will neither 
destabilize nor noticeably alter any important attribute of the resource. NRC designates 
the significance of a potential environmental impact as moderate if its environmental 
effects are sufficient to alter noticeably, but not to destabilize, important attributes of the 
resource. The agency designates the significance of a potential environmental impact as 
large if its environmental effects are clearly noticeable and are sufficient to destabilize 
important attributes of the resource.  
49According to NRC officials, agency staff have identified some information they 
considered “new” but not “significant,” such as the issue of radionuclides in groundwater.  
50We did not evaluate the adequacy or the substance of NRC staff actions. 
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the information they considered was both new and significant under 
NRC’s definition. 

According to NRC’s principles of good regulation, regulations should be 
based on the best available knowledge from research and operational 
experience, and the agency’s strategic plan states that regulatory 
guidance should be kept up-to-date. Because NRC has not finalized the 
updates to its license renewal environmental review regulations and 
guidance, however, the agency’s environmental reviews for the 73 license 
renewals approved to date were made under the regulations originally 
issued in 1996, as amended and supplemented in 1999, and guidance 
issued based on those regulations. NRC officials told us that agency staff 
are to consider and document new information on environmental issues 
as part of each license renewal environmental review. However, the 
agency’s use of regulations originally issued in 1996 and guidance based 
on those regulations has created the impression, among some, that NRC 
is relying on outdated environmental information. For example, several 
representatives of public interest groups told us they believe NRC’s delay 
in revising its environmental review regulations and guidance means the 
agency is using outdated information in its license renewal reviews. In 
addition, according to NRC’s principles of good regulation, regulations, 
once established, should be perceived to be reliable. The prolonged 
presence of draft revisions to NRC’s environmental review regulations 
and guidance alongside current regulations and guidance can create 
uncertainty for license renewal applicants. For example, some industry 
representatives we interviewed said NRC’s delay in finalizing the 
revisions after proposed revisions were published in 2009 had created 
some uncertainty about what information reactor owners would have to 
provide and which version of the guidance they would be held to by NRC 
staff during their environmental review. 
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NRC generally followed its documented procedures when reviewing 
selected safety and environmental elements in the eight license renewal 
applications we reviewed.51 Specifically, we reviewed whether NRC 
reports documented that agency staff had followed NRC’s procedures; we 
did not evaluate the adequacy or the substance of NRC’s reviews or the 
quality of its procedures. We found that NRC’s reviews of the following 
safety elements were generally consistent with the agency’s documented 
procedures: (1) scoping and screening, which identifies the systems, 
structures, and components that fall within the scope of the license 
renewal process; (2) aging management for buried piping and tanks; and 
(3) aging management for fire protection. We also found that NRC 
generally followed its documented procedures when conducting its 
reviews of the following environmental elements: (1) assessing whether 
there was new and significant information for two generic environmental 
issues; (2) evaluating applicants’ assessments of the potential 
environmental impacts of two site-specific issues; and (3) evaluating 
applicants’ severe accident mitigation alternatives analyses.52

 

 

NRC generally followed its documented procedures when reviewing 
selected safety elements in the eight license renewal applications we 
reviewed. We did not evaluate the adequacy or the substance of NRC’s 
reviews or the quality of its procedures. As part of our review, we 
examined three elements of the scoping and screening review—an 
evaluation of an applicant’s methodology and results for identifying the 
set of structures and components that are within the scope of license 
renewal and subject to aging management review—and determined that 

                                                                                                                     
51We reviewed a nonprobability sample of eight license renewal applications, the results 
of which are not representative of the entirety of NRC’s reviews. Thus, our results are not 
generalizable to all license renewal reviews but provide examples of safety and 
environmental review elements that NRC reviewed as part of its license renewal process 
for these applications. See appendix III for additional information regarding the 
characteristics of the nuclear power reactors included in our review. 
52To facilitate its environmental reviews, NRC regulations establish its findings on 
environmental issues for license renewal. See 10 C.F.R. pt. 51, subpt. A, app. B. A subset 
of these issues are labeled “category 1” and have been determined (1) to apply to either 
all reactors or those reactors having similar characteristics; (2) have a specific significance 
level of impact on the environment; and (3) do not warrant the implementation of site-
specific efforts to mitigate any potentially adverse impacts. If no new and significant 
information is identified for these category 1 issues, then they are not required to be 
evaluated on a site-specific basis as part of the license renewal process. 

NRC Generally 
Followed 
Documented 
Procedures When 
Evaluating the 
License Renewal 
Application Elements 
We Reviewed 

NRC Generally Followed 
Documented Procedures 
When Evaluating the 
Safety Elements of the 
Applications We Reviewed 
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NRC staff generally followed the agency’s documented procedures for 
reviewing these elements: 

• Scoping and screening methodology: According to NRC’s 
documented procedures,53

• Plant-level scoping results: According to the procedures,

 NRC staff are expected to review, among 
other things, the applicant’s scoping and screening methodology to 
determine whether it is sufficiently comprehensive to identify the 
systems, structures, and components that are within the scope of 
license renewal and the structures and components requiring an 
aging management review. We found that NRC staff consistently 
followed the agency’s documented procedures for reviewing the 
scoping and screening methodology sections for each of the eight 
license renewal applications we reviewed. 

54

• Scoping and screening inspection: As part of the license renewal 
process, NRC inspectors are expected to conduct a scoping and 
screening inspection, through on-site reviews and walk-downs of 
selected areas, to verify that the applicant has adequately identified 
and documented all the systems, structures, and components as 
required. Further, the NRC inspectors are to verify that there is 
reasonable assurance that the applicant has adequately documented 
all the identified passive and long-lived systems, structures, and 
components requiring an aging management review. According to our 
review, NRC staff consistently followed the agency’s documented 

 NRC staff 
are expected to also verify the applicant’s scoping results to 
determine if the applicant properly identified the systems, structures, 
and components that fall within the scope of license renewal. To do 
so, NRC staff review selected systems, structures, and components 
that the applicant did not identify in the scoping results to verify that 
those systems, structures, and components do not have any functions 
covered under the license renewal requirements. We found that NRC 
staff consistently followed the agency’s documented procedures for 
reviewing the plant-level scoping results sections for each of the eight 
license renewal applications we reviewed. 

                                                                                                                     
53NRC, Standard Review Plan for Review of License Renewal Applications for Nuclear 
Power Plants, NUREG-1800, Initial Report (Washington, D.C.: July 2001), 2.1-1 and NRC, 
Standard Review Plan for Review of License Renewal Applications for Nuclear Power 
Plants, NUREG-1800, Revision 1 (Washington, D.C.: September 2005), 2.1-1. 
54NUREG-1800, Initial Report (2001), 2.2-1 and NUREG-1800, Revision 1 (2005), 2.2-1.  
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procedures55 for the scoping and screening inspections for three of 
the eight license renewal applications included in our sample. 
However, we found that NRC staff reviews were partially consistent in 
following the agency’s documented procedures for the five remaining 
license renewal reviews. Specifically, we did not identify explicit 
references in NRC inspection reports or final safety reports that 
documented that agency staff had followed a procedure to include 
certain components in their inspection sample while conducting their 
scoping and screening inspection reviews for Columbia, Millstone Unit 
3, Pilgrim, Shearon Harris, and Wolf Creek. According to NRC 
officials, agency staff did not explicitly state in their reports that they 
had included the specific components in their inspection sample, but 
that those components were part of the staff’s inspections.56

We also examined the consistency of NRC’s reviews with the agency’s 
documented procedures for another safety element of the license renewal 
process: aging management program inspections. Per agency guidance, 
NRC staff are expected to conduct aging management inspections during 
the license renewal review to verify that the systems, structures, and 
components the applicant has identified as being subject to an aging 
management review already have, or will have, aging management 
programs. During the inspections, NRC staff also are to verify that the 
current and planned aging management programs will ensure that the 
negative effects of aging will be managed so that there is reasonable 
assurance that the intended functions of the systems, structures, and 
components will be maintained as the reactor continues to operate 
beyond its original operating license. According to our review, the aging 
management program inspections for Columbia and Monticello were 

 

                                                                                                                     
55NRC, License Renewal Inspection, Inspection Procedure 71002 (Washington, D.C.: 
September 2000), 3 and NRC, License Renewal Inspection, Inspection Procedure 71002, 
Revision 1 (Washington, D.C.: February 2005), 2.  
56In response to our review, NRC officials told us they have begun an evaluation of 
whether specific guidance is needed to provide additional clarity for agency staff in 
documenting license renewal inspections. Specifically, agency officials said our review 
results indicate that license renewal inspection reports may not contain a level of 
documentation that is descriptive and explicit enough for a reader to understand what 
inspection objectives were completed. NRC officials stated that, as a first step, they have 
performed an assessment of the agency’s guidance for documenting inspection results. 
Next, NRC officials plan to review prior license renewal inspection reports to determine if 
those reports provide at least the same level of documentation provided by other types of 
NRC inspection reports. Agency officials estimated they would complete this evaluation by 
the end of 2013. 
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consistent with agency procedures.57 However, we found that the NRC 
reviews for the other six license renewal applications were partially 
consistent with the agency’s documented procedures. Specifically, we did 
not identify explicit references in the NRC inspection reports or final 
safety reports that documented that NRC staff had (1) consistently 
conducted interviews with site staff or (2) the opportunity to perform part 
of their walk-downs during a reactor outage while conducting their aging 
management reviews and program inspections for Duane Arnold, 
Millstone Unit 3, Pilgrim, Shearon Harris, Virgil C. Summer, and Wolf 
Creek.58 According to NRC officials, the reports did not explicitly state that 
interviews were conducted for all of the aging management reviews and 
program inspections, but that the agency staff interviewed the site staff in 
charge of each aging management program as part of their inspections. 
In addition, NRC officials said that it was not always possible to conduct a 
walk-down during unit outages for some of the reactors we reviewed. For 
example, NRC staff could not conduct walk-downs during unit outages for 
Duane Arnold, Shearon Harris, Millstone Unit 3, Pilgrim, and Virgil C. 
Summer because the schedules for the inspections and unit outages did 
not align. NRC officials stated that agency staff conducted the walk-
downs during the next scheduled unit outage for the Shearon Harris and 
Virgil C. Summer reactors and documented their review in a separate 
inspection report.59

                                                                                                                     
57Inspection Procedure 71002 (2000), 3 and Inspection Procedure 71002, Revision 1 
(2005), 2.   

 We reviewed the separate inspection reports for both 
Shearon Harris and Virgil C. Summer and confirmed that agency staff 
documented that they had conducted the walk-downs during the next unit 
outage. 

58According to NRC documents, NRC staff are not required to perform part of their walk-
downs during a unit outage. However, the documents state that NRC staff should, if 
possible, conduct a part of this inspection during a unit outage because this will allow for 
visual observation of certain components that are inaccessible during normal reactor 
operations, such as those components located inside containment or in high-radiation 
areas.  
59According to NRC officials, walkdowns similar to those performed at Shearon Harris and 
Virgil C. Summer were not conducted for Duane Arnold, Millstone (Unit 3), and Pilgrim. 
The officials stated that, per agency guidance, walkdowns during unit outages are optional 
for aging management program inspections and that NRC staff are expected to review 
areas not accessible during unit outages as part of other NRC inspections that are done 
outside of the license renewal process. 
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In addition, we examined the consistency of NRC reviews with the 
agency’s documented procedures for two aging management programs—
(1) buried piping and tanks inspection and (2) fire protection—and found 
that NRC’s documented actions for those reviews were generally 
consistent with the agency’s documented procedures. 

• Buried piping and tanks inspection program: The buried piping and 
tanks inspection program relies on preventive measures, frequency of 
pipe excavation, and operating experience to manage the effects of 
the loss of material that forms the pipes and tanks from various types 
of corrosion. In some circumstances, the loss of such material as a 
result of corrosion could lead to radioactive leaks. According to NRC 
documents, the effectiveness of the buried piping and tanks 
inspection program should be verified to evaluate an applicant’s 
inspection frequency and operating experience with buried 
components and ensure that the effects of any potential corrosion 
have not resulted in radioactive leaks from the buried piping or 
tanks.60 From our review, we found that, for seven of the eight license 
renewal applications included in our sample, NRC consistently 
followed the agency’s documented procedures61

                                                                                                                     
60The buried piping and tanks inspection program for the reactors included in our 
nonprobability sample were reviewed by NRC staff using either the 2001 or 2005 versions 
of NRC’s Generic Aging Lessons Learned Report. In December 2010, NRC issued its 
revised Generic Aging Lessons Learned Report, which included updates to the buried 
piping and tanks inspection program. The program is now referred to as the buried and 
underground piping and tanks program.  

 for reviewing an 
applicant’s buried piping and tanks inspection program. The NRC 
review for Millstone Unit 3 was partially consistent with documented 
agency procedures. Of the five steps outlined in NRC’s procedures for 
reviewing an applicant’s buried piping and tanks inspection program, 
agency staff explicitly stated in their audit reports and final safety 
reports that they had followed four of them. However, it was not clear 
whether agency staff consistently followed a fifth procedural step to 
review both plant-specific and industry-wide operating experience as 
part of their review. Specifically, we found references in NRC’s audit 
report and final safety report for the Millstone Unit 3 review that 
agency staff reviewed plant-specific operating experience, but agency 
staff did not explicitly state that they reviewed industry-wide operating 
experience to determine whether lessons learned identified at other 
reactors could be applied to Millstone’s efforts to manage the aging of 

61NUREG-1800, Initial Report (2001), 3.1.3 and NUREG-1800, Revision 1 (2005), 3.1.3.  
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buried piping and tanks. According to NRC officials, it is a standard 
practice for agency staff to review both plant-specific and industry-
wide operating experience. Further, those officials said that NRC 
staff’s audit review plan included plant-specific and industry-wide 
operating experience as areas expected to be reviewed by agency 
staff during the Millstone Unit 3 review. 

• Fire protection program: According to NRC safety review guidance, 
the fire protection program is intended to manage the effects of loss of 
material and cracking, increased hardness, shrinkage, and loss of 
strength on the intended functions for fire protection features and 
components, such as fire barrier penetration seals, fire barrier walls, 
and all fire-rated doors that perform a fire barrier function. NRC staff 
are to review the applicant’s fire protection program to determine 
whether the potential effects of aging are managed by periodic visual 
inspections performed during walk-downs, tests, and engineering 
evaluations to ensure that the capability of the fire protection systems 
will be maintained during the period of the reactor’s extended 
operation. We found that NRC reviews for seven of the eight license 
renewal applications in our sample consistently followed the agency’s 
documented procedures62

 

 for reviewing the applicant’s fire protection 
program. Our review found that the NRC review for Millstone Unit 3 
was partially consistent with agency procedures. Of the five steps 
outlined in NRC’s procedures for reviewing an applicant’s fire 
protection program, agency staff explicitly stated in NRC audit reports 
and final safety reports that they had followed four of them. As with 
the buried piping and tanks inspection program, however, it was not 
clear whether NRC staff consistently followed a fifth procedural step to 
review both plant-specific and industry-wide operating experience for 
the fire protection program as part of the Millstone Unit 3 review 
because agency staff did not explicitly state that they had done so. 
According to NRC officials, it is a standard practice to review both 
plant-specific and industry-wide operating experience. Further, the 
officials said that the NRC staff’s audit review plan included plant-
specific and industry-wide operating experience as areas expected to 
be reviewed by agency staff during the review of the fire protection 
program for Millstone Unit 3. 

                                                                                                                     
62NUREG-1800, Initial Report (2001), 3.1.3 and NUREG-1800, Revision 1 (2005), 3.1.3.  
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We found that NRC generally followed its documented procedures when 
reviewing selected environmental elements for the eight license renewal 
applications included in our sample. We did not evaluate the adequacy or 
the substance of NRC’s reviews or the quality of its procedures. As part of 
our review, we examined selected elements from: (1) NRC’s reviews of 
new and significant information for two generic issues; (2) NRC’s 
evaluation of applicants’ assessments of the potential environmental 
impacts for two site-specific issues; and (3) NRC’s evaluation of the 
applicants’ severe accident mitigation alternatives analyses. 

As part of our review of the consistency of NRC staff evaluations for new 
and significant information with the agency’s documented procedures, we 
examined NRC’s reviews for two generic environmental issues—cold 
shock and gas supersaturation. According to the agency’s 1996 
environmental regulations, reactor owners are to include in their license 
renewal applications any new and significant information they are aware 
of regarding the potential environmental impacts of license renewal. As 
discussed earlier in this report, NRC staff are also expected to look for 
and consider any new and significant information for both generic and 
site-specific environmental issues when conducting their reviews. For 
generic environmental issues, NRC procedures call for agency staff to, 
among other things, review the previous information and conclusions 
reached for each issue and then determine if there is any new 
environmental information that should be considered. If any new 
information is identified, NRC staff are expected to evaluate the 
information to determine whether it changes the agency’s prior 
conclusions about the significance level of the environmental issue. We 
reviewed whether NRC reports documented that agency staff had 
followed NRC’s procedures for evaluating new and significant information 
on cold shock and gas supersaturation. We found that the agency’s 
reviews for cold shock and gas supersaturation were generally consistent 
with the agency’s documented procedures. 

• Cold shock: Cold shock is a form of thermal stress caused by 
exposure to a sudden decrease of water temperature that adversely 
affects the metabolism and behavior of an aquatic organism and can 
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lead to its death.63 According to its generic environmental impact 
statement for license renewal, NRC has found that cold shock has 
been satisfactorily mitigated at operating nuclear reactors and is not 
expected to be a problem if the reactor operates for another 20 years 
beyond its original operating license. As the issue applies to all 
reactors, NRC has considered it a generic issue that will be evaluated 
further only if new and significant information is identified. We found 
that NRC staff reviews consistently followed the agency’s documented 
procedures64

• Gas supersaturation (gas bubble disease): Gas supersaturation 
occurs when concentrations of dissolved gases in water exceed the 
normal saturation limit. When gas supersaturation occurs, it can lead 
to a condition known as gas bubble disease, which can cause 
swelling and hemorrhaging in the tissues of aquatic organisms that 

 for seven of the eight license renewal applications 
included in our sample. We found that NRC’s review for the Wolf 
Creek application was partially consistent with the agency’s 
documented procedures. Of the five possible procedures to follow 
when conducting a review for new and significant information on cold 
shock, we found that NRC staff consistently followed one procedure, 
and because staff did not identify any new and significant information, 
three other procedures accordingly were not completed. We did not, 
however, see an explicit reference in the source documents we 
reviewed to NRC staff having followed a fifth procedure to search for 
new information related to regulations affecting cooling systems. 
According to NRC officials, agency staff are given flexibility, as 
prescribed by NRC’s environmental standard review plan, in 
conducting their searches for new information, and they also can 
leverage information from other sections of the environmental review 
and associated supplemental environmental impact statement, 
particularly issues related to how the continued operation of the 
reactor will affect land use, water quality, and water use. 

                                                                                                                     
63According to an NRC document, cold shock occurs when organisms that have been 
acclimated to warm water, such as in a nuclear power plant’s discharge canal in winter, 
are exposed to sudden temperature decreases when artificial heating ceases. Such 
situations could occur if a single-reactor plant suddenly shut down in winter or if winds or 
currents shifted a thermal plume occupied by aquatic organisms seeking warm water.  
64NUREG-1555, Supplement 1, 4.1-4. 
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can lead to behavioral abnormalities or death.65 According to NRC’s 
generic environmental impact statement for license renewal, the 
agency has found that gas supersaturation has been satisfactorily 
mitigated across reactors and is not expected to be a problem if a 
reactor operates for another 20 years beyond its original operating 
license. We found that NRC staff consistently followed the agency’s 
documented procedures for seven of the eight license renewal 
applications included in our sample. We found that NRC’s review for 
the Wolf Creek application was partially consistent with the agency’s 
documented procedures.66

As part of our review, we also examined the consistency of NRC staff 
actions with agency procedures for reviews of site-specific environmental 
issues, termed “category 2” issues. These environmental issues differ 
from the generic environmental issues identified by NRC because agency 
regulations preclude a generic determination of potential impacts. For 
these site-specific issues, the license renewal applicant must provide a 

 Of the five possible procedures to follow 
when conducting a review for new and significant information on gas 
supersaturation, we found that NRC staff consistently followed one 
procedure, and because they did not identify any new and significant 
information, accordingly, three other procedures were not completed. 
We did not, however, see an explicit reference in the source 
documents we reviewed to NRC staff having followed a fifth 
procedure to search for new information related to regulations 
affecting cooling systems. According to NRC officials, NRC staff are 
given flexibility, as prescribed by NRC’s environmental standard 
review plan, in conducting their searches for new information, and 
they also can leverage information from other sections of the 
environmental review and associated supplemental environmental 
impact statement, particularly issues related to how the continued 
operation of the reactor will affect land use, water quality, and water 
use. 

                                                                                                                     
65According to an NRC document, rapid heating of water in a nuclear power plant’s 
condenser cooling system decreases the solubility and increases saturation levels of 
dissolved gases. The supersaturation of nitrogen gas could lead to incidents of gas bubble 
disease in the discharge areas of nuclear power plants. Gas bubble disease is a condition 
that occurs when aquatic organisms are exposed to water with high partial pressures of 
certain gases (usually nitrogen) and then subsequently are exposed to water with lower 
partial pressures of the same gases. Dissolved gases (especially nitrogen) within the 
tissues of these organisms may come out of solution and form embolisms, or bubbles, 
within the affected tissues, most noticeably the eyes and fins. 
66NUREG-1555, Supplement 1, 4.1-4. 
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site-specific impact analysis in its environmental report and, per agency 
guidance, NRC staff are expected to perform and document their 
independent review of the issue in a supplemental environmental impact 
statement. Specifically, we examined whether NRC reports documented 
that agency staff had followed NRC’s procedures for two such site-
specific environmental issues: (1) threatened or endangered species and 
(2) off-site land use during operations. 

• Threatened or endangered species: As part of the license renewal 
process, NRC staff are expected to conduct an analysis that 
considers the impacts of a reactor’s continued operations on 
threatened or endangered species and also examines reasonable and 
prudent alternatives for avoiding or reducing potentially adverse 
impacts.67 NRC procedures call for agency staff to, among other 
things, review potential site-specific impacts of continued operations 
on threatened or endangered species and determine whether any 
potential environmental impacts may have adverse effects on those 
species or critical habitat. If any potential site-specific effects are 
identified, then NRC staff are expected to consult with relevant federal 
agencies and, if necessary, initiate a biological assessment to 
address how those species or critical habitat may be affected. We 
found that NRC reports documented that agency staff consistently 
followed NRC’s documented procedures68

• Off-site land use during operations: According to NRC regulations, 
significant changes in land use may be associated with population 
and tax revenue changes resulting from license renewal. Further, 
given that there are many site-specific variables related to how off-site 
land will be used if a reactor continues to operate beyond its original 
operating license, NRC staff are expected to examine this issue on a 
site-by-site basis to determine whether any potential environmental 
impacts may occur. NRC procedures call for agency staff to, among 

 for evaluating the potential 
environmental impacts of continued operations on threatened or 
endangered species for each of the eight license renewal applications 
we reviewed. 

                                                                                                                     
67Under the Endangered Species Act of 1973, as amended, all federal agencies must, 
among other things, utilize their authorities to carry out programs for the conservation of 
threatened and endangered species, including those cases where proposed federal 
actions may affect threatened or endangered species. In each license renewal 
environmental review, NRC officials stated that the agency consults with the U.S. Fish and 
Wildlife Service and/or the National Marine Fisheries Service. 
68NUREG-1555, Supplement 1, 4.6.1-6. 



 
  
 
 
 

Page 31 GAO-13-493  NRC’s License Renewal Process 

other things, obtain site-specific information to determine the potential 
scope of off-site land use impacts and evaluate whether those 
impacts may be large enough to require further analysis. If agency 
staff find that the effects of the potential impacts may be more than 
minor, then they are expected to consider and evaluate potential 
mitigation measures or alternatives that might reduce or eliminate the 
potentially adverse impacts. We found that NRC reports documented 
that agency staff consistently followed NRC’s documented 
procedures69

We also examined the consistency of NRC staff reviews of the applicants’ 
severe accident mitigation alternatives analyses with the agency’s 
documented procedures. NRC regulations state that alternatives to 
mitigate severe accidents must be considered for all reactors that have 
not previously considered such alternatives.

 for evaluating the potential environmental impacts of off-
site land use during continued operations for each of the eight license 
renewal applications we reviewed. 

70 Severe accident mitigation 
alternatives are considered site-specific and thereby require that the 
applicant conduct a site-specific evaluation that will be reviewed by NRC 
staff during the license renewal process. The severe accident mitigation 
alternatives analyses performed in support of license renewal applications 
typically focus on areas of greatest risk and on measures that could 
provide the greatest risk reduction in a cost-beneficial fashion. NRC 
procedures call for agency staff to, among other things, evaluate the 
potential mitigation alternatives identified by the applicant. Moreover, 
NRC officials told us that agency staff are expected to determine whether 
any of the alternatives have been identified as being within the scope of 
license renewal by being both cost-beneficial and related to aging 
management. We reviewed the steps NRC staff documented taking to 
conduct their evaluation of applicants’ severe accident mitigation 
alternatives analyses and found that NRC staff consistently followed the 
agency’s documented procedures71

 

 for each of the eight license renewal 
applications included in our sample. 

                                                                                                                     
69NUREG-1555, Supplement 1, 4.4.3-3.  
7010 C.F.R. § 51.53(c)(3)(ii)(L) (2013).  
71NUREG-1555, Supplement 1, 5.1.1-6.  
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The 15 stakeholders we interviewed who were knowledgeable on NRC’s 
license renewal process provided their views on various perceived 
strengths and weaknesses of the process, with some suggesting potential 
improvements to the process. Stakeholders most often identified the 
technical knowledge of NRC staff and the thoroughness of the agency’s 
reviews as perceived strengths of the license renewal process. 
Stakeholders also identified a range of perceived weaknesses of the 
license renewal process, including claims that its scope is too narrow and 
that its public hearing process is flawed and inhibits meaningful public 
participation. Some stakeholders we interviewed suggested potential 
changes to improve the license renewal process, including broadening 
the scope of NRC’s reviews and modifying aspects of the public hearing 
process. 

 
The 15 stakeholders we interviewed identified a number of perceived 
strengths of NRC’s license renewal process. Overall, all eight industry 
and ACRS stakeholders and one state government stakeholder said the 
license renewal process is generally effective at accomplishing its safety 
and environmental goals, and all but one of those same stakeholders plus 
one public interest group stakeholder said the scope of the process is 
sufficient.72 More specifically, among the 15 stakeholders we interviewed, 
four strengths were identified by three or more stakeholders as follows:73

• First, more than half of the stakeholders we interviewed (9 of 15) 
identified the technical knowledge of NRC’s staff as a strength of the 
license renewal process. Several of these stakeholders said that NRC 
staff is knowledgeable and experienced in the issues they review and 
that this leads to a more efficient review process. 

 

• Second, about half of the stakeholders (7 of 15) identified as a 
strength what they said was the thoroughness of the process that 
NRC uses to review license renewal applications. A few of these 
stakeholders highlighted the number of different reviews performed by 
agency staff, including on-site audits and inspections, and the external 
review performed by ACRS. One stakeholder stated that NRC 

                                                                                                                     
72One industry stakeholder who said the license renewal process is generally effective at 
accomplishing its safety and environmental goals said that the scope of the license 
renewal process is too broad. 
73Three stakeholders we interviewed said NRC’s license renewal process has no 
significant strengths. 
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requires applicants to make changes to their applications and 
proposed license renewal programs—in their view, it is not a “rubber 
stamp” process. 

• Third, about a third of the stakeholders (6 of 15) pointed to the quality 
of NRC’s license renewal guidance as another strength of the 
agency’s process. A few of these stakeholders said that because 
NRC’s guidance documents clearly define the agency’s expectations 
for applicants and staff reviewers, the documents make the license 
renewal process more efficient and focus discussion on key issues. 
One stakeholder noted that NRC’s standard review plan is particularly 
important since it helps agency staff with less experience understand 
what they should be looking for during their license renewal reviews. 

• Fourth, a few stakeholders (4 of 15) identified as a strength how 
safety review guidance has evolved over time to account for new 
information and lessons learned from previous license renewal 
reviews. One of these stakeholders emphasized that NRC has 
actively sought new information and, in this stakeholder’s view, has 
regularly incorporated that information into its safety review guidance. 

 
The 15 stakeholders we interviewed also identified a number of perceived 
weaknesses in NRC’s license renewal process. Overall, 5 of 7 public 
interest group and state government stakeholders said the license 
renewal process is generally ineffective at accomplishing its goals, and 
the same stakeholders said the scope of the process is too narrow.74 
More specifically, among the 15 stakeholders we interviewed, two 
weaknesses were identified by five or more stakeholders as follows:75

• First, about a third of the stakeholders we interviewed (6 of 15) 
identified as a weakness what they said was the overly narrow scope 
of the license renewal process. Some of these stakeholders said that 
issues the public thinks are relevant to license renewal, such as 
emergency planning and security, fall outside the scope of the license 
renewal process. One stakeholder said license renewal reviews 
should have a broader scope so that NRC can ensure at license 
renewal that reactors meet current safety requirements in all areas. 

 

                                                                                                                     
74One public interest stakeholder said the license renewal process is effective in some 
ways but not effective in other ways, and said the scope of the process is sufficient.  
75One stakeholder we interviewed said that NRC’s license renewal process has no 
significant weaknesses. 
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Another stakeholder provided the view that license renewal should be 
an opportunity to consider a wide range of safety and environmental 
issues beyond the negative effects of aging since license renewal 
allows a reactor to operate for up to an additional 20 years. 

• Second, a third of stakeholders (5 of 15) identified as an additional 
weakness of NRC’s license renewal process what in their view is the 
agency’s flawed public hearing process for considering challenges to 
license renewal applications. One of these stakeholders pointed to the 
limited time the public has to file challenges to a license renewal 
application (i.e., 60 days after the agency has published notice of the 
opportunity for a public hearing on a license renewal application), and 
other stakeholders highlighted hearing procedures that they believe 
put the public at a disadvantage compared with license renewal 
applicants. Some stakeholders said they believe NRC’s public hearing 
process inhibits meaningful public participation in the license renewal 
process. 

The following five other perceived weaknesses of the license renewal 
process were identified by 3 stakeholders each: 

• NRC does not require reactor owners with previously-renewed 
licenses to revise their programs for managing the negative effects of 
aging when NRC updates its license renewal guidance; 

• NRC reviews of license renewal applications are not thorough 
enough; 

• NRC reviews of license renewal applications can be excessive and 
address issues that fall outside the scope of the license renewal 
process; 

• NRC staff are not open to new information brought forward by 
stakeholders; and 

• NRC does not require applicants to implement cost-beneficial 
upgrades identified during the license renewal environmental review if 
those upgrades are not related to aging. 
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Some of the 15 stakeholders we interviewed suggested potential changes 
to improve NRC’s license renewal process. Six changes were suggested 
by three or more stakeholders.76

• Six stakeholders suggested NRC modify its public hearing process for 
considering challenges to license renewal applications. These 
stakeholders identified a number of modifications NRC could make, 
including increasing the amount of time the public has to file 
challenges and providing funding to public groups to present their 
cases. According to NRC officials, the NRC Commissioners 
determined in 2004 that the 60 days the public has to file challenges 
is adequate and that the public effectively has more time due to (1) 
internet notice of preapplication meetings, (2) the availability of the 
license renewal application prior to the notice of opportunity for 
hearing, and (3) Federal Register or internet notice of the filing of an 
application and acceptance of the application for docketing.

 We asked NRC officials for the agency’s 
position on these suggested changes. The six changes suggested by 
three or more stakeholders and NRC officials’ explanations of the 
agency’s position on those potential changes were as follows: 

77 Also, 
NRC is prohibited by law from providing funding to parties, such as 
public groups, intervening in NRC’s regulatory or adjudicatory 
proceedings to present their cases.78

• Five stakeholders suggested that NRC expand the scope of the 
license renewal process to consider issues beyond the negative 
effects of aging, such as emergency planning and spent fuel storage. 
According to NRC officials, when the agency issued the original 
license renewal rule in 1991 and amended it in 1995, the NRC 
Commissioners determined that NRC’s ongoing regulatory processes 

 

                                                                                                                     
76Five stakeholders we interviewed said that they do not believe NRC needs to make 
significant changes to the license renewal process. 
77The NRC Commissioners considered the amount of time the public has to file 
challenges in 2004 when it revised its adjudicatory process. See 69 Fed. Reg. 2182, 2199 
(Jan. 14, 2004). In the proposed rule, the NRC Commissioners solicited views on 
appropriate time frames for allowing petitions to be filed based on a notice of opportunity 
for hearing. To address comments that a 45-day period was insufficient, the NRC 
Commissioners decided to provide a 60-day period for most actions.  
78See Energy and Water Development Appropriations Act for FY 1993, Pub. L. No. 102-
377 § 502 (1992) (“None of the funds in this Act or subsequent Energy and Water 
Development Appropriations Acts shall be used to pay the expenses of, or otherwise 
compensate, parties intervening in regulatory or adjudicatory proceedings funded in such 
Acts.”). 
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were sufficient to ensure that a reactor would operate safely under a 
renewed license, with the possible exception of age-related 
degradation.79

• Three stakeholders suggested that NRC improve the public’s access 
to information used in the agency’s license renewal reviews. For 
example, one stakeholder said that the public should be allowed to 
listen to all conversations between agency staff and an applicant 
regarding a license renewal application. According to NRC officials, 
the agency provides the public access to, among other things, any 
information that NRC considers during a license renewal review if that 
information was necessary for the agency to make its license renewal 
decision. In addition, NRC officials said that communications from 
applicants are placed in the agency’s publicly available recordkeeping 
system, unless they are withheld in accordance with agency 
regulations.

 As a result, NRC made managing the negative effects 
of aging the primary focus of the license renewal process. NRC 
officials noted that the agency is reviewing public comments on 
whether or not to broaden the scope of the license renewal process 
as it considers the process it will use to review applications to renew 
reactor operating licenses for a second time. NRC officials stated that 
a determination is in development by staff and is expected to be 
completed by the end of fiscal year 2013. 

80

• Three stakeholders suggested that NRC should change its 
submission requirements for license renewal applications so that 
reactor owners have to submit a fully complete application at the 
beginning of the license renewal process. According to NRC officials, 
the agency requires applicants to submit applications that are 
sufficiently complete for NRC to conduct its review. However, they 
noted that the agency allows applicants to amend their applications 
and that applicants sometimes do so both in response to NRC 
questions and at their own initiation. 

 

• Three stakeholders suggested that NRC should require reactor 
owners with previously renewed licenses to meet new standards 
when NRC updates its license renewal guidance. According to NRC 
officials, the standards in the agency’s license renewal guidance 
reflect one but not the only way for an applicant to meet license 

                                                                                                                     
79See 56 Fed. Reg. 64,943 (Dec. 13, 1991) and 60 Fed. Reg. 22,461 (May 8, 1995).  
8010 C.F.R. § 2.390 (2013). 
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renewal requirements. Because standards in the guidance documents 
are not requirements, NRC does not require reactor owners with 
previously-renewed licenses to update their programs for managing 
the negative effects of aging when the agency updates its guidance. 
However, according to agency officials, NRC expects these owners to 
review updates to the agency’s license renewal guidance and 
consider whether they need to make changes to their programs as a 
result. 

• Three stakeholders suggested that NRC should require reactor 
owners to implement all cost beneficial upgrades identified during the 
license renewal environmental review, regardless of whether those 
upgrades are related to aging. According to NRC officials, because 
the scope of the license renewal process is focused primarily on 
managing the negative effects of aging, the agency has decided not to 
require reactor owners as part of the license renewal process to 
implement cost beneficial upgrades identified during the 
environmental review that are not related to aging. However, the 
officials noted that those upgrades could be considered through 
NRC’s “backfit” process, which generally requires NRC to assure 
reactor owners that requirements placed on them will change only 
when warranted from a public health and safety standpoint.81

 

 

We provided a draft copy of this report to the Executive Director for 
Operations of NRC for review and comment. NRC provided written 
comments on the draft report, which are reproduced in appendix IV, and 
technical comments, which we incorporated into the report as 
appropriate. In its comments, NRC neither agreed nor disagreed with our 
findings. 

                                                                                                                     
81NRC’s “backfit rule” requires, in order to impose new requirements on existing licensees, 
that NRC determine that the new requirements would result in a substantial increase in 
the overall protection of public health and safety or common defense and security and that 
this increased protection justifies the cost of implementation. 10 C.F.R. § 50.109(a)(3) 
(2013). Backfit is defined in 10 C.F.R. § 50.109(a)(1) as the modification of or addition to 
systems, structures, components, or design of a facility; or the design approval or 
manufacturing license for a facility; or the procedures or organization required to design, 
construct or operate a facility; any of which may result from a new or amended provision in 
NRC’s regulations or the imposition of a regulatory staff position interpreting NRC’s 
regulations that is either new or different from a previously applicable staff position, 
relative to specific dates, such as issuance of licenses. The backfit rule requires a backfit 
analysis demonstrating that the new or changed requirement is a substantial increase in 
overall protection unless NRC finds that a backfit is needed to ensure that protection of 
public health and safety is adequate, or in other limited situations. 10 C.F.R. § 
50.109(a)(3)-(4). 
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As agreed with your offices, unless you publicly announce the contents of 
this report earlier, we plan no further distribution until 30 days from the 
report date. At that time, we will send copies to NRC, the appropriate 
congressional committees, and other interested parties. In addition, this 
report will be available at no charge on the GAO website at 
http://www.gao.gov. 

If you or your staff members have any questions about this report, please 
contact me at (202) 512-3841 or ruscof@gao.gov. Contact points for our 
Offices of Congressional Relations and Public Affairs may be found on 
the last page of this report. Key contributors to this report are listed in 
appendix V. 

 
Frank Rusco 
Director, Natural Resources and Environment 
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List of Requesters 

The Honorable Barbara Boxer 
Chairman 
Committee on Environment and Public Works 
United States Senate 

The Honorable Sheldon Whitehouse 
Chairman 
Subcommittee on Oversight 
Committee on Environment and Public Works 
United States Senate 

The Honorable Bernard Sanders 
United States Senate 

The Honorable Edward J. Markey 
House of Representatives 
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Our review provides information on: (1) the scope of the Nuclear 
Regulatory Commission’s (NRC) license renewal process for commercial 
nuclear power reactors; (2) the extent to which NRC updates the safety 
and environmental review guidance used in the license renewal process; 
(3) the extent to which NRC follows the agency’s documented license 
renewal procedures; and (4) knowledgeable stakeholders’ views on the 
strengths and weaknesses in the license renewal process and 
suggestions, if any, for improving the process. To address these 
objectives and better understand NRC’s license renewal process, we 
reviewed relevant NRC documents and met with officials from NRC and 
representatives from the nuclear power industry, public interest groups, 
and others. 

During the course of our review, we interviewed NRC officials from the 
Office of General Counsel, Office of New Reactors, Office of Nuclear 
Reactor Regulation, and Office of Nuclear Regulatory Research in 
headquarters. We also interviewed officials from NRC’s Office of the 
Inspector General (OIG), NRC’s Atomic Safety and Licensing Board, and 
the Advisory Committee on Reactor Safeguards (ACRS), as well as NRC 
officials in Region I and the resident inspectors at the two nuclear power 
plants we visited. In addition, we interviewed representatives from the 
Nuclear Energy Institute, the Union of Concerned Scientists, and other 
groups and individuals to discuss their views on NRC’s license renewal 
process. 

Specifically, to describe the scope of NRC’s license renewal process, we 
reviewed relevant laws and NRC regulations, including the Atomic Energy 
Act of 1954 as amended and 10 C.F.R. Parts 2, 51, and 54, as well as 
relevant NRC guidance documents. In addition, we interviewed NRC 
officials to gain a further understanding of the license renewal process 
and how the process has changed over time. We also visited a 
nonprobability sample of two nuclear power plants—Millstone Power 
Station in Connecticut and the Pilgrim Nuclear Power Station in 
Massachusetts—to interview plant representatives about their experience 
with the license renewal process and to observe programs implemented 
at the sites following license renewal. Because this was a nonprobability 
sample, the information we gathered from these site visits is not 
generalizable to all nuclear power plants but provides important 
illustrative information. We selected these sites to capture a variety of 
characteristics, including sites that had gone through the license renewal 
process, at least one site that was operating under a renewed license 
beyond its initial 40-year operating period, and at least one site that was 
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the subject of a public hearing concerning a challenge to its license 
renewal application. 

To determine the extent to which NRC updates the safety and 
environmental review guidance used in the license renewal process, we 
examined NRC documents on its guidance revision process and reviewed 
changes made to license renewal guidance documents, including the 
standard review plans for license renewal safety and environmental 
reviews, the Generic Aging Lessons Learned Report, and the Generic 
Environmental Impact Statement for License Renewal of Nuclear Plants. 
We also reviewed NRC documents describing the process for revising 
license renewal environmental review regulations and guidance and 
interviewed NRC officials about the process. 

To determine the extent to which NRC followed the agency’s documented 
license renewal procedures, we selected a nonprobability sample of the 
safety and environmental review elements that are assessed as part of 
NRC’s license renewal process. We selected the elements to examine 
based on a review of GAO and NRC OIG reports, NRC guidance, license 
renewal documents from site visits, and input from some of the 
stakeholders we interviewed. In addition, we randomly selected some of 
the review elements for inclusion in our sample. To identify the agency’s 
documented procedures for reviewing the elements included in our 
sample, we examined NRC’s standard review plans for license renewal 
safety and environmental reviews and its license renewal inspection 
protocols. We then identified the actions NRC staff took to review the 
selected elements, as documented in NRC audit reports, inspection 
reports, and final safety and environmental reports, for a nonprobability 
sample of eight license renewal applications. Our nonprobability sample 
consisted of the following license renewal applications: Columbia 
Generating Station, Duane Arnold Energy Center, Millstone Power 
Station (Unit 3), Monticello Nuclear Generating Plant, Pilgrim Nuclear 
Power Station, Shearon Harris Nuclear Power Plant, Virgil C. Summer 
Nuclear Station, and Wolf Creek Generating Station.1

                                                                                                                     
1Because this was a nonprobability sample, our results are not generalizable to all license 
renewal reviews but provide examples of safety and environmental review elements that 
NRC reviewed as part of its license renewal process. 

 We selected this 
sample to capture a variety of characteristics, including reactors from 
different NRC regions, and reactors whose license renewal applications 
were reviewed using different versions of NRC’s safety and 
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environmental review guidance. Two GAO analysts independently 
compared NRC staff’s documented actions with the agency’s 
documented procedures to assess the level of consistency for the review 
elements in our sample. They then rated the staff’s documented actions 
as compared with the agency’s documented procedures as being 
consistent, partially consistent, not consistent, or not applicable. When 
their review ratings differed, they discussed the differences and agreed 
on a final assessment. We then spoke with NRC officials about the 
instances where the staff’s documented actions were rated as either 
partially consistent or not consistent in order to determine whether NRC 
had additional information that could illustrate the extent to which the 
agency’s procedures were followed in a consistent manner. During our 
review, we did not evaluate the adequacy or substance of NRC’s review 
actions or the quality of its documented license renewal procedures. 

To describe knowledgeable stakeholders’ views on strengths and 
weaknesses in NRC’s license renewal process, we summarized the 
results of semistructured interviews with stakeholders knowledgeable of 
the license renewal process. We first identified 106 knowledgeable 
stakeholders by reviewing the results of a literature search, prior GAO 
reports, congressional and NRC hearings, and recommendations from 
officials with NRC and representatives from the Nuclear Energy Institute, 
the Union of Concerned Scientists, and others. From this list, we then 
used a multistep process to select 15 stakeholders. To ensure coverage 
and a range of perspectives, we selected stakeholders from the following: 

• industry, including officials from five of the eight nuclear power plants 
whose license renewal applications were part of the nonprobability 
sample for our consistency review; 

• public interest groups, including representatives from the National 
Legal Scholars Firm, Pilgrim Watch, Public Justice, and the Union of 
Concerned Scientists; 

• state governments, including officials from the States of New York and 
Vermont and the Commonwealth of Massachusetts; and 



 
Appendix I: Objectives, Scope, and 
Methodology 
 
 
 

Page 43 GAO-13-493  NRC’s License Renewal Process 

• ACRS, a body of nuclear, engineering, and safety experts appointed 
by the NRC Commissioners that is independent of the NRC staff and 
reports directly to the NRC Commissioners.2

We conducted semistructured interviews with the 15 selected 
stakeholders using a standard set of questions and analyzed their 
responses, grouping them into overall themes.

 

3

We conducted this performance audit from May 2012 to May 2013 in 
accordance with generally accepted government auditing standards. 
Those standards require that we plan and perform the audit to obtain 
sufficient, appropriate evidence to provide a reasonable basis for our 
findings and conclusions based on our audit objectives. We believe that 
the evidence obtained provides a reasonable basis for our findings and 
conclusions based on our audit objectives. 

 We summarized the 
results of our analysis and then asked NRC officials for the agency’s 
position on potential changes to the license renewal process that were 
suggested by multiple stakeholders. Not all of the stakeholders answered 
all of our questions. The views expressed by stakeholders do not 
represent the views of GAO. 

                                                                                                                     
2ACRS is established in statute. The committee has four primary purposes: (1) to review 
and report on safety studies and reactor facility license and license renewal applications; 
(2) to advise the NRC Commissioners on the hazards of proposed and existing production 
and utilization facilities and the adequacy of proposed safety standards; (3) to initiate 
reviews of specific generic matters or nuclear facility safety-related items; and (4) to 
provide advice in the areas of health physics and radiation protection. 
3During one industry stakeholder interview, the primary stakeholder was joined by two 
colleagues who provided supporting commentary. However, the three officials, as noted 
during our interview, expressed a singular view for their group. Therefore, this interview 
represented the views of one industry stakeholder, not three separate views. 
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Reactor State 

Date initial 
operating license 
issued 

License renewal 
status

Date renewed 
operating license 
issued a 

Date current 
operating license 
set to expire 

Arkansas Nuclear One, 
Unit 1 

Arkansas 05/21/1974 Renewed 06/20/2001 05/20/2034 

Arkansas Nuclear One, 
Unit 2 

Arkansas 09/01/1978 Renewed 06/30/2005 07/17/2038 

Beaver Valley Power 
Station, Unit 1 

Pennsylvania 07/02/1976 Renewed 11/05/2009 01/29/2036 

Beaver Valley Power 
Station, Unit 2 

Pennsylvania 08/14/1987 Renewed 11/05/2009 05/27/2047 

Braidwood Station,  
Unit 1 

Illinois 07/02/1987 Application 
Expected 

N/A 10/17/2026 

Braidwood Station,  
Unit 2 

Illinois 05/20/1988 Application 
Expected 

N/A 12/18/2027 

Browns Ferry Nuclear 
Plant, Unit 1 

Alabama 12/20/1973 Renewed 05/04/2006 12/20/2033 

Browns Ferry Nuclear 
Plant, Unit 2 

Alabama 06/28/1974 Renewed 05/04/2006 06/28/2034 

Browns Ferry Nuclear 
Plant, Unit 3 

Alabama 07/02/1976 Renewed 05/04/2006 07/02/2036 

Brunswick Steam 
Electric Plant, Unit 1 

North Carolina 09/08/1976 Renewed 06/26/2006 09/08/2036 

Brunswick Steam 
Electric Plant, Unit 2 

North Carolina 12/27/1974 Renewed 06/26/2006 12/27/2034 

Byron Station, Unit 1 Illinois 02/14/1985 Application 
Expected 

N/A 10/31/2024 

Byron Station, Unit 2 Illinois 01/30/1987 Application 
Expected 

N/A 11/06/2026 

Callaway Plant Missouri 10/18/1984 Under Review N/A 10/18/2024 
Calvert Cliffs Nuclear 
Power Plant, Unit 1 

Maryland 07/31/1974 Renewed 03/23/2000 07/31/2034 

Calvert Cliffs Nuclear 
Power Plant, Unit 2 

Maryland 08/13/1976 Renewed 03/23/2000 08/13/2036 

Catawba Nuclear 
Station, Unit 1 

South Carolina 01/17/1985 Renewed 12/05/2003 12/05/2043 

Catawba Nuclear 
Station, Unit 2 

South Carolina 05/15/1986 Renewed 12/05/2003 12/05/2043 

Clinton Power Station, 
Unit 1 

Illinois 04/17/1987 Application 
Expected 

N/A 09/29/2026 

Columbia Generating 
Station, Unit 2 

Washington State 04/13/1984 Renewed 05/22/2012 12/20/2043 

Comanche Peak Steam 
Electric Station, Unit 1 

Texas 04/17/1990 Application 
Expected 

N/A 02/08/2030 
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Reactor State 

Date initial 
operating license 
issued 

License renewal 
status

Date renewed 
operating license 
issued a 

Date current 
operating license 
set to expire 

Comanche Peak Steam 
Electric Station, Unit 2 

Texas 04/06/1993 Application 
Expected 

N/A 02/02/2033 

Cooper Nuclear Station  Nebraska 01/18/1974 Renewed 11/29/2010 01/18/2034 
Davis-Besse Nuclear 
Power Station, Unit 1 

Ohio 04/22/1977 Under Review N/A 04/22/2017 

Diablo Canyon Nuclear 
Power Plant, Unit 1 

California 11/02/1984 Under Review N/A 11/02/2024 

Diablo Canyon Nuclear 
Power Plant, Unit 2 

California 08/26/1985 Under Review N/A 08/26/2025 

Donald C. Cook Nuclear 
Power Plant, Unit 1 

Michigan 10/25/1974 Renewed 08/30/2005 10/25/2034 

Donald C. Cook Nuclear 
Power Plant, Unit 2 

Michigan 12/23/1977 Renewed 08/30/2005 12/23/2037 

Dresden Nuclear Power 
Station, Unit 2 

Illinois 02/20/1991 Renewed 10/28/2004 12/22/2029 

Dresden Nuclear Power 
Station, Unit 3 

Illinois 01/12/1971 Renewed 10/28/2004 01/12/2031 

Duane Arnold Energy 
Center 

Iowa 02/22/1974 Renewed 12/16/2010 02/21/2034 

Edwin I. Hatch Nuclear 
Plant, Unit 1 

Georgia 10/13/1974 Renewed 01/15/2002 08/06/2034 

Edwin I. Hatch Nuclear 
Plant, Unit 2 

Georgia 06/13/1978 Renewed 01/15/2002 06/13/2038 

Fermi, Unit 2 Michigan 07/15/1985 Application 
Expected 

N/A 03/20/2025 

Fort Calhoun Station, 
Unit 1 

Nebraska 08/09/1973 Renewed 11/04/2003 08/09/2033 

Grand Gulf Nuclear 
Station, Unit 1 

Mississippi 11/01/1984 Under Review N/A 11/01/2024 

H. B. Robinson Steam 
Electric Plant, Unit 2 

South Carolina 07/31/1970 Renewed 04/19/2004 07/31/2030 

Hope Creek Generating 
Station, Unit 1 

New Jersey 07/25/1986 Renewed 07/20/2011 04/11/2046 

Indian Point Nuclear 
Generating, Unit 2 

New York 09/28/1973 Under Review N/A 09/28/2013 

Indian Point Nuclear 
Generating, Unit 3 

New York 12/12/1975 Under Review N/A 12/12/2015 

James A. FitzPatrick 
Nuclear Power Plant 

New York 10/17/1974 Renewed 09/08/2008 10/17/2034 

Joseph M. Farley 
Nuclear Plant, Unit 1 

Alabama 06/25/1977 Renewed 05/12/2005 06/25/2037 
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Reactor State 

Date initial 
operating license 
issued 

License renewal 
status

Date renewed 
operating license 
issued a 

Date current 
operating license 
set to expire 

Joseph M. Farley 
Nuclear Plant, Unit 2 

Alabama 03/31/1981 Renewed 05/12/2005 03/31/2041 

LaSalle County Station, 
Unit 1 

Illinois 04/17/1982 Application 
Expected 

N/A 04/17/2022 

LaSalle County Station, 
Unit 2 

Illinois 12/16/1983 Application 
Expected 

N/A 12/16/2023 

Limerick Generating 
Station, Unit 1 

Pennsylvania 08/08/1985 Under Review N/A 10/26/2024 

Limerick Generating 
Station, Unit 2 

Pennsylvania 08/25/1989 Under Review N/A 06/22/2029 

McGuire Nuclear 
Station, Unit 1 

North Carolina 07/08/1981 Renewed 12/05/2003 06/12/2041 

McGuire Nuclear 
Station, Unit 2 

North Carolina 05/27/1983 Renewed 12/05/2003 03/03/2043 

Millstone Power Station, 
Unit 2 

Connecticut 09/26/1975 Renewed 11/28/2005 07/31/2035 

Millstone Power Station, 
Unit 3 

Connecticut 01/31/1986 Renewed 11/28/2005 11/25/2045 

Monticello Nuclear 
Generating Plant, Unit 1 

Minnesota 01/09/1981 Renewed 11/08/2006 09/08/2030 

Nine Mile Point Nuclear 
Station, Unit 1 

New York 12/26/1974 Renewed 10/31/2006 08/22/2029 

Nine Mile Point Nuclear 
Station, Unit 2 

New York 07/02/1987 Renewed 10/31/2006 10/31/2046 

North Anna Power 
Station, Unit 1 

Virginia 04/01/1978 Renewed 03/20/2003 04/01/2038 

North Anna Power 
Station, Unit 2 

Virginia 08/21/1980 Renewed 03/20/2003 08/21/2040 

Oconee Nuclear Station, 
Unit 1 

South Carolina 02/06/1973 Renewed 05/23/2000 02/06/2033 

Oconee Nuclear Station, 
Unit 2 

South Carolina 10/06/1973 Renewed 05/23/2000 10/06/2033 

Oconee Nuclear Station, 
Unit 3 

South Carolina 07/19/1974 Renewed 05/23/2000 07/19/2034 

Oyster Creek Nuclear 
Generating Station,  
Unit 1 

New Jersey 07/02/1991 Renewed 04/08/2009 04/09/2029 

Palisades Nuclear Plant Michigan 02/24/1971 Renewed 01/17/2007 03/24/2031 
Palo Verde Nuclear 
Generating Station,  
Unit 1 

Arizona 06/01/1985 Renewed 04/21/2011 12/31/2044 
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Reactor State 

Date initial 
operating license 
issued 

License renewal 
status

Date renewed 
operating license 
issued a 

Date current 
operating license 
set to expire 

Palo Verde Nuclear 
Generating Station,  
Unit 2 

Arizona 04/24/1986 Renewed 04/21/2011 04/24/2046 

Palo Verde Nuclear 
Generating Station,  
Unit 3 

Arizona 11/25/1987 Renewed 04/21/2011 11/25/2047 

Peach Bottom Atomic 
Power Station, Unit 2 

Pennsylvania 10/25/1973 Renewed 05/07/2003 08/08/2033 

Peach Bottom Atomic 
Power Station, Unit 3 

Pennsylvania 07/02/1974 Renewed 05/07/2003 07/02/2034 

Perry Nuclear Power 
Plant, Unit 1 

Ohio 11/13/1986 Application 
Expected 

N/A 03/18/2026 

Pilgrim Nuclear Power 
Station 

Massachusetts 06/08/1972 Renewed 05/29/2012 06/08/2032 

Point Beach Nuclear 
Plant, Unit 1 

Wisconsin 10/05/1970 Renewed 12/22/2005 10/05/2030 

Point Beach Nuclear 
Plant, Unit 2 

Wisconsin 03/08/1973 Renewed 12/22/2005 03/08/2033 

Prairie Island Nuclear 
Generating Plant, Unit 1 

Minnesota 04/05/1974 Renewed 06/27/2011 08/09/2033 

Prairie Island Nuclear 
Generating Plant, Unit 2 

Minnesota 10/29/1974 Renewed 06/27/2011 10/29/2034 

Quad Cities Nuclear 
Power Station, Unit 1 

Illinois 12/14/1972 Renewed 10/28/2004 12/14/2032 

Quad Cities Nuclear 
Power Station, Unit 2 

Illinois 12/14/1972 Renewed 10/28/2004 12/14/2032 

River Bend Station,  
Unit 1 

Louisiana 11/20/1985 Application 
Expected 

N/A 08/29/2025 

R.E. Ginna Nuclear 
Power Plant 

New York 09/19/1969 Renewed 05/19/2004 09/18/2029 

St. Lucie Plant, Unit 1 Florida 03/01/1976 Renewed 10/02/2003 03/01/2036 
St. Lucie Plant, Unit 2 Florida 06/10/1983 Renewed 10/02/2003 04/06/2043 
Salem Nuclear 
Generating Station,  
Unit 1 

New Jersey 12/01/1976 Renewed 06/30/2011 08/13/2036 

Salem Nuclear 
Generating Station,  
Unit 2 

New Jersey 05/20/1981 Renewed 06/30/2011 04/18/2040 

San Onofre Nuclear 
Generating Station,  
Unit 2 

California 02/16/1982 Application 
Expected 

N/A 02/16/2022 
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Reactor State 

Date initial 
operating license 
issued 

License renewal 
status

Date renewed 
operating license 
issued a 

Date current 
operating license 
set to expire 

San Onofre Nuclear 
Generating Station,  
Unit 3 

California 11/15/1982 Application 
Expected 

N/A 11/15/2022 

Seabrook Station, Unit 1 New Hampshire 03/15/1990 Under Review N/A 03/15/2030 
Sequoyah Nuclear Plant, 
Unit 1 

Tennessee 09/17/1980 Under Review N/A 09/17/2020 

Sequoyah Nuclear Plant, 
Unit 2 

Tennessee 09/15/1981 Under Review N/A 09/15/2021 

Shearon Harris Nuclear 
Power Plant, Unit 1 

North Carolina 10/24/1986 Renewed 12/17/2008 10/24/2046 

South Texas Project, 
Unit 1 

Texas 03/22/1988 Under Review N/A 08/20/2027 

South Texas Project, 
Unit 2 

Texas 03/28/1989 Under Review N/A 12/15/2028 

Surry Nuclear Power 
Station, Unit 1 

Virginia 05/25/1972 Renewed 03/20/2003 05/25/2032 

Surry Nuclear Power 
Station, Unit 2 

Virginia 01/29/1973 Renewed 03/20/2003 01/29/2033 

Susquehanna Steam 
Electric Station, Unit 1 

Pennsylvania 07/17/1982 Renewed 11/24/2009 07/17/2042 

Susquehanna Steam 
Electric Station, Unit 2 

Pennsylvania 03/23/1984 Renewed 11/24/2009 03/23/2044 

Three Mile Island 
Nuclear Station, Unit 1 

Pennsylvania 04/19/1974 Renewed 10/22/2009 04/19/2034 

Turkey Point Nuclear 
Generating, Unit 3 

Florida 07/19/1972 Renewed 06/06/2002 07/19/2032 

Turkey Point Nuclear 
Generating, Unit 4 

Florida 04/10/1973 Renewed 06/06/2002 04/10/2033 

Vermont Yankee 
Nuclear Power Plant, 
Unit 1 

Vermont 03/21/1972 Renewed 03/21/2011 03/21/2032 

Virgil C. Summer 
Nuclear Station, Unit 1 

South Carolina 11/12/1982 Renewed 04/23/2004 08/06/2042 

Vogtle Electric 
Generating Plant, Unit 1 

Georgia 03/16/1987 Renewed 06/03/2009 01/16/2047 

Vogtle Electric 
Generating Plant, Unit 2 

Georgia 03/31/1989 Renewed 06/03/2009 02/09/2049 

Waterford Steam 
Electric Station, Unit 3 

Louisiana 03/16/1985 Application 
Expected 

N/A 12/18/2024 

Watts Bar Nuclear Plant, 
Unit 1 

Tennessee 02/07/1996 Intent Not 
Announced 

N/A 11/09/2035 
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Reactor State 

Date initial 
operating license 
issued 

License renewal 
status

Date renewed 
operating license 
issued a 

Date current 
operating license 
set to expire 

Wolf Creek Generating 
Station, Unit 1 

Kansas 06/04/1985 Renewed 11/20/2008 03/11/2045 

Source: NRC. 

Note: This appendix lists the 102 commercial nuclear power reactors that were operating in the 
United States as of May 2013. In February 2013, the owner of the Crystal River Nuclear Plant in 
Florida permanently shut down that site’s reactor and, in May 2013, the owner of the Kewaunee 
Power Station in Wisconsin permanently shut down that site’s reactor. These actions reduced the 
number of operating commercial nuclear power reactors in the United States from 104 to 102. The 
Kewaunee reactor was one of the 73 reactors with an operating license renewed by NRC. 
a

 

“Application Expected” means the owner of the reactor has communicated to NRC its intent to file a 
license renewal application in the future. “Intent Not Announced” means the owner of the reactor has 
not communicated to NRC whether or not it intends to file a license renewal application in the future. 
“Renewed” means NRC has renewed the reactor’s operating license. “Under Review” means the 
owner of the reactor has filed a license renewal application, and NRC is reviewing the application.  
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Figure 3: Reactors from NRC Region I Included in GAO Review 
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Figure 4: Reactors from NRC Region II Included in GAO Review 
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Figure 5: Reactors from NRC Region III Included in GAO Review 

 
a The Atomic Energy Commission issued a provisional operating license on September 8, 1970, 
allowing commercial operation. The NRC issued a full-term operating license on January 9, 1981. 
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Figure 6: Reactors from NRC Region IV Included in GAO Review 
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Safety Analysis 1.Safety Analysis 1.

1. Understanding legal bases.
2. Developing common safety principles.
3. Safety principles v.s.safety requirements.
4. Developing common standards.
5. Understanding the role of the players.
6. Safety: an every body concern, a manyfold discipline.
7. Safety: compatibility with competitiviness.
8. Safety: protection theory and optimization
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Safety Analysis 1.1Safety Analysis 1.1
Understanding Legal Bases

1.1. Stuffenbau principle:
• Binding international agreements/regulation. (IAEA, EU,..)
• National legislation.

Acts.
- Rules
- Ordinances
- Licence terms and commitments.

• Technical regulation.
Safety guides. (Reg. Body)
National or International Standards
Self regulation.

Warning: regulation not necessarily guarantee safety!!
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Safety Analysis 1.2Safety Analysis 1.2
2. Developing common safety principles:

Convention on Nuclear Safety (1994)*

– Preamble vii.

– Objectives (art.1): protect individuals, society, environment 
by means of prevention and mitigation.

– Scope (art 2.i): NPP, storage, handling, treatment facilities 
on the site.

– Technology clause (art.6)

– Assessment of conformance (art.7.2.iii)

*  limited to civil NPP
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Safety Analysis 1.2Safety Analysis 1.2
2. Developing common safety principles:

Convention on Nuclear Safety (1994)

– Assessment and verification (art.14)

• Alive, 

• Contrast with: design, safety req. CLO.

– Safety of installations: Siting (art.17)

• i) safety site related: heat sink, earthquake, tornado corridor,
floodings, flight airway, other industries risks...

• ii)  impact on individuals, society, environment: population, 
land uses, ecosystem, property,...
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Safety Analysis 1.2Safety Analysis 1.2

2. Developing common safety principles:

Convention on Nuclear Safety (1994)

– Safety of installations: Design & construction (art.18)

• i) defence in depth: prevention and mitigation.

• ii) validated technologies.

• iii) reliability, stability, manageability, human factors, manhuman factors, man--
machine interfacemachine interface..
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Safety Analysis 1.2Safety Analysis 1.2

2. Developing common safety principles:

Convention on Nuclear Safety (1994)

– Safety of installations: Design & construction (art.18)

• i) defence in depth: prevention and mitigation.

• ii) validated technologies.

• iii) reliability, stability, manageability, human factors, manhuman factors, man--
machine interfacemachine interface..
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2. Developing common safety principles:

General consensus achieved.

• IAEA Safety series nº 110. “The safety of Nuclear 
Installations” *

• EU “Safety principles for light water reactor nuclear power 
plants” COM(81)519

• Safety assessment principles for NPP HMSO 1992. (UK)

• 10 CFR 50 App.A, B; 20; 100 (USA)

* necessary reading.

Safety Analysis 1.2Safety Analysis 1.2
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3. Safety principles v.s. Safety requirements:

• From conceptual to design.

• Safety requirements guarantees fulfilment of safety 
principles.

• IAEA Safety of nuclear power plants: design NS-R-1

Req. for management of safety.

Req. for systems, structures and components.

Req. for safety assessment: PIE’s, events classification... 

• Ongoing harmonization.

Safety Analysis 1.3Safety Analysis 1.3
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4. Developing common safety standards:

• Purpose: verify safety requirements.
• Difficult task: dispersion among different countries. Need 

harmonization.
• Possible approaches:

Incorporate into regulation.
Voluntary applicattion

• Sources:
Legislative. (EU, National)
IAEA Safety Guides, Reg. Body Guides.
Qualified proffesional organizations (IEEE, ANSI, ASME...)
Utility, Supplier, Nat. or Int. Labs., ... 

Safety Analysis 1.4Safety Analysis 1.4
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UTILITY PROCESS

REG. BODY EVALUATION 

PROCESS

SAFETY ANALYSIS 
DOCUMENTATION

IMPROVEMENT OF 
DOCUMENTATION

IMPROVEMENT 
OF UTILITY 
PROCESS

ACCEPTANCE 
CRITERIA

LOOP ONLY FOR 
RELEVANT FINDINGS. LOOP ONLY FOR 

MINOR 
DEFICIENCIES 

IMPACT ON NPP 

DATA BASE

Safety Analysis 1.5 Understanding the Safety Analysis 1.5 Understanding the 
Role of PlayersRole of Players
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Regulation             Safety          Performance       Categories    Actions
Findings categorization Corr.    Proc.     Op.     BDT   DT

YES

Admisible

Admisible

Admisible

Admisible

NO

Non-admisible

Low

0

A    *                              *

B    *                     *              *  

C    *         *          *       *     *

D    *                     *       *     *

E     *        *          *        *
Non-admisible

Low

Safety Analysis 1.5 Understanding the Safety Analysis 1.5 Understanding the 
Role of PlayersRole of Players
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1.6 Safety: an Everybody Concern, a1.6 Safety: an Everybody Concern, a
ManyfoldManyfold Discipline.Discipline.

– Safety is primary responsibilty of utility.

– Liability is not channeled unless otherwise to             
supplier.

– Reg. Body is State’s watchdog verifying utility’s 
competence.

– Consider stakeholders.

– Safety analysis is a relays race where different disciplines 
give the relay to others. Don’t ever think it is all in your 
hands!, work as a team!



IAEA Training Course on Safety Assessment 13

1.7 Safety: Compatibility With 1.7 Safety: Compatibility With CompetitivinessCompetitiviness..
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1.7 Safety: Protection Theory and Optimization1.7 Safety: Protection Theory and Optimization

–Protection design is a discipline by itself.

–Main reference: ANSI/ANS-51.1_1983 “Nuclear Safety Criteria 
for the design of stationary pressurized water reactor plants”

–Optimization based on damage limiting, probability of 
occurence, affordable safety margins (an agressive protection 
carries undue costs and impaired safety).

–Elements of evaluation:

•Identification of possible (more than credible) events, internal and 
external, challenging fission products barriers under all operational 
conditions.
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– Categorization.

• Classification of events by freq. of occurance.

• Identification of radiological damage variable/s and allowable damage as 
a function of freq. of occurance. (safety regulation arena).

– Transients analyses.

• Determination of bounding initial and boundary conditions for each 
event.

• Identification of surrogate variables.

• Determination of yield limit, safety limit and safety margin. (codes & 
standards arena)

• Determination of limiting condition for operation.

• Analysis of affected Technical Specification (modes of operation, CLO, 
actions, surveillance)  

1.7 Safety: Protection Theory and Optimization1.7 Safety: Protection Theory and Optimization
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Events Classification: Identification of EventsEvents Classification: Identification of Events
– Identification of possible (more than credible) events, internal and 

external, challenging fission products barriers under all operational 
conditions.

• Identify barrier failure mechanisms:
Fuel: fusion, dispersion...

Clad: dry-out, PCMI, ballooning, thermal shock...

RCS: overpressure, PTS, non-isolation, crack propagation...

Containment: overpressure, non-isolation, bypass,...

• Identify physical process driving to failure:
Thermal-Overpower: cooldown, rod withdrawal-ejection, fast boron 
dilution, rod drop...

Mechanical-Overpower: id.

PCM (boiling crisis): flow or inventory reduction, heat flux increase, 
coolant heat-up, pressure reduction (PWR)...
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– Identify physical process driving to failure (cont’d):
• Crack growth: thermal fatigue, induced corrosion,..

• Overpressure:inventory increase (hot and cold conditions), inventory 
expansion,... 

• ...

– Group those processess by phenomenology (Reg 1.70):
• Increase/decrease of heat removal by secondary system

• Decrease in reactor coolant system flow.

• Reactivity and power distribution anomalies.

• Increase/decrease in reactor coolant inventory.

• Radioactive release from subsystem or component.

• ATWS.

Events Classification: Identification of EventsEvents Classification: Identification of Events
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– Identify scenarios for each of the previous groups.

• Increase of heat removal by the secondary system:

Decrease in feedwater temperature.

Increase in feedwater flow.

Increase in steam flow.

Inadvertent opening of a steam generator relief or safety valve.

Steam system piping failure inside and outside of containment 
in a PWR

• ...

Events Classification: Identification of EventsEvents Classification: Identification of Events
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– Postulate initiating events driving to previous scenarios.
• Increase in steam flow:

Steam bypass opening.
Flow demand increase.

• Decrease in feedwater temperature:
Preheater bypass,
Loss of preheating efficiency (air intake, low steam 
flow..)

• ...
– Determine root cause:

• Hazard and operability analysis (HAZOP)
• Failure mode effect analysis (FMEA)
• Operating experience, comparison

Events Classification: Identification of EventsEvents Classification: Identification of Events



IAEA Training Course on Safety Assessment 20

– Determine root cause (cont’d):
• Internal events:

System, component or structures failures including generated 
hazards: pipe whipping, missiles, fire,..
Operator errors

• External events:
Natural: earthquakes, flooding, winds, landslides,...
Man induced: sabotage, air crash, other industries,...
Consider possible combinations, i.e.: earthquake  + flooding; fire + 
flooding;...

• Categorization
– Determine frequency of the initiating event.
– Determine bounding PIE assumptions
– Determine bounding event (freq, and consequences)

Events Classification: Identification of EventsEvents Classification: Identification of Events
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Events Classification: CategorizationEvents Classification: Categorization

– Grouping of PIE according to its frequency of occurrance.

– Setting limits to the damage in term of dose for each category.

– Setting acceptance criteria for each scenario: 

• General design, core design, and protection design shall 
guarantee compliance.

• No evolution into a worse category.

• Usually decoupling between radiological consequences and 
transient analyses acceptance criteria.

• Surrogate damage variable in terms of: 

Nº of failed rods, máximum leakage, oxidation, clad temperature, 
fuel enthalpy rise,...  
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– Applicable Technical Standards:
• ANSI/ANS 51.1 
• ANSI/ANS 51.1 (N18.2)
• ANSI/ANS 52.1 (N212)
• ANSI/ANS 53.1 (N213)
• IAEA NS-R-1
• IAEA 50-SG-D11

– NRC regulation and guides:
• 10 CFR 50 app.A “General design criteria..”
• RG 1.48 “Design limits and loading....”
• RG 1.70 “Standard Format and Contents...”
• NUREG 0800 standard review plan

Events Classification: CategorizationEvents Classification: Categorization
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IAEA 50-SG-D11

Events Classification: CategorizationEvents Classification: Categorization
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French-German Harmonization Process

< 10-4 PCC4 : limiting accidents

10-4  to 10-2PCC3 : infrequent accidents

10-2 to 1PCC2 : anticipated operational
occurences

Permanent/frequentPCC1 : operational transient

Frequency
(order of magnitude)/year

PCC (plant condition category)

Workshop of European Harmonization process, Brussels March 2-3, 1999

Events Classification: CategorizationEvents Classification: Categorization
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Events Classification: Categorization, Events Classification: Categorization, 
ANSI/ANS 51.1ANSI/ANS 51.1

Five Plant Condition Categories (PCC)

1010--4 4 > F > F > 10> 10--6 6 55

1010--2 2 > F > 10> F > 10--4 4 44

1010--1 1 > F > 10> F > 10--2 2 33

F>10F>10--1122

Normal OperationNormal Operation11

BE freq.R.yBE freq.R.y--11Plant ConditionPlant Condition
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Further comparisons

Events Classification: Categorization, Events Classification: Categorization, 
ANSI/ANS 51.1ANSI/ANS 51.1
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Event Categorization into PCC

Events Classification: Categorization, Events Classification: Categorization, 
ANSI/ANS 51.1ANSI/ANS 51.1



IAEA Training Course on Safety Assessment 28

Verify Acceptance Criteria

Events Classification: Categorization, Events Classification: Categorization, 
ANSI/ANS 51.1ANSI/ANS 51.1
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Determine from regulation admisible damage for each PCC.

Events Classification: Categorization, Events Classification: Categorization, 
ANSI/ANS 51.1ANSI/ANS 51.1
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Determine from regulation admisible damage for each PCC.

Events Classification: Categorization, Events Classification: Categorization, 
ANSI/ANS 51.1ANSI/ANS 51.1
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Determine from regulation admisible damage for each PCC.

Events Classification: Categorization, Events Classification: Categorization, 
ANSI/ANS 51.1ANSI/ANS 51.1
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Events Classification, CommentsEvents Classification, Comments

– Safety analysis must verify all PIE stay within safety 
envelope

• Reducing frequency of occurence.

• Reducing damage:

Fuel design, radwaste capacity, scram, ECCS..

– Normal operation: managed by operation procedures, 
control & limitation systems. Don’t demand protection 
system actuation.

Use of realistic models.

Verification in plant start-up tests
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– Anticipated Operating Occurances (AOO) arrested by protection 
system

• Usually deterministic-conservative arena.
• Partially verified in start-up tests.

– Accident condition:
• Escalated AOO’s
• Direct PIE.
• Arrested by: protection system, operator action (EOP), Engineered 

safety features.
– Lower frequency events (f < 10-6 R Y-1 )

• BDB (beyond design basis)
• Use of PSA methods
• Realm of severe accidents.
• Arrested by any available means (SAMG).

Events Classification, CommentsEvents Classification, Comments
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Extended FrequencyExtended Frequency--Damage PlaneDamage Plane
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Example of PIEExample of PIE’’s Categorization: s Categorization: 
Normal OperationNormal Operation
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Example of PIEExample of PIE’’s Categorization: AOOs Categorization: AOO
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Example of PIEExample of PIE’’s Categorization: AOO s Categorization: AOO 
(PC(PC--2 Cont2 Cont’’d)d)
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Example of PIEExample of PIE’’s Categorization: AOOs Categorization: AOO
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Example of PIEExample of PIE’’s Categorization: s Categorization: 
AccidentAccident

Also include SBO, ATWS

Risk informed regulation may introduce noticeable changes
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Design Basis AccidentsDesign Basis Accidents
– Design basis: The range of conditions and events taken 

explicitly into account in the design of a facility, according to 
established criteria, such that the facility can withstand them 
without exceeding authorized limits by the planned operation 
of safety systems. Used as a noun, with the definition above. 
Also often used as an adjective, applied to specific categories 
of conditions or events to mean ‘included in the design basis’; 
as, for example, in design bases accident, design bases external
events, design basis earthquake, etc. (IAEA glossary)

– DB Event v.s. DBA

– Plant is designed to withstand up to cut-off freq. events, but not 
only.

– Evolutionary reactors also include severe accident in design.
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– Each AOO is design basis of the protection system, i.e.:

• High neutron flux (at power):

Uncontrolled rod withdrawal,

Excesive load increase,

Pressure drop in steam lines.

• High flux rate(+/-):

Rod ejection.

Rod misalignment.

• OTΔT:

Uncontrolled rod withdrawal.

Boron dilution (at power)

...

Design Basis AccidentsDesign Basis Accidents
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– Each reactor trip is finally designed by the limiting 
AOO/accident. This is periodically checked in the Reload 
safety assessment or periodic safety review

– Special care on the use of generic evaluations
– Special care on evolving core design concepts

• Mixed cores, low leakage, high burn up,...

– Core design may not be limited by a design basis accident.
– Special care on methodology changes:

• Use of statistical teatment of uncertainties
• Use of Best Estimate codes,  
• Relaxation of constraints
• ...

Design Basis AccidentsDesign Basis Accidents
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Example of margin recovery by methodology improvement

Yield limit

Safety limit

Licensing limit

Conservative result

Realistic result

Operational limit (t, xi; Rj)

Design
margin

Design Basis AccidentsDesign Basis Accidents
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– Strictly speaking DBA applies to accidents (infrequent & 
limiting faults) that design the Engineered Safety Systems 
and Emergency Procedures:

• Containment isolation.

• Containment cooling.

• Containment spray.

• Containment air treatment.

• Containment control of combustible gases

• Emergency core cooling system (ECCS)

• Residual heat removal (RHR)

• Auxiliary feedwater system.

• Control room habitability

Design Basis AccidentsDesign Basis Accidents
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– Basic required safety functions:

• Fuel coolability and limited fuel damage

• Containment integrity.

• Limited containment leakage.

• Scrubbing of fission products within the containment to drains.

– Standard accidents:

• LBLOCA, SBLOCA, steam line break, CRDM break. 

– Usually limiting accident is doubled ended Large break 
LOCA cold leg + loss of off-site power + minimum 
safeguards + DB earthquake.  

Design Basis AccidentsDesign Basis Accidents
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Beyond Design Bases Accidents & Beyond Design Bases Accidents & 
Severe Accidents.Severe Accidents.
To be considered in defence in depth strategy (NS-G-1.2)

OffOff--site emergency responsesite emergency responseMitigation of radiological consequences of Mitigation of radiological consequences of 
significant releases of radioactive materialssignificant releases of radioactive materials

Level 5Level 5

Complementary meausures and accident Complementary meausures and accident 
managementmanagement

Control of severe plant consitions, including Control of severe plant consitions, including 
prevention of accident progression and prevention of accident progression and 
mitigation of the consequences of severe mitigation of the consequences of severe 
accidentsaccidents

Level 4Level 4

Engineered safety features and Engineered safety features and 
emergency proceduresemergency procedures

Control of accidents within the design basisControl of accidents within the design basisLevel 3Level 3

Control, limiting and protection systems Control, limiting and protection systems 
and other surveillance featuresand other surveillance features

Control of abnormal operation and detection of Control of abnormal operation and detection of 
failuresfailures

Level 2Level 2

Conservative design and high quality in Conservative design and high quality in 
construction and operationconstruction and operation

Prevention of abnormal operation and of Prevention of abnormal operation and of 
failuresfailures

Level 1Level 1

Essential MeansEssential MeansObjectiveObjectiveLevelLevel
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– BDBA assume initial and or boundary conditions (hypothesis) not 
postulated in DBA because of their low credibility. i.e.:

• Initial cond.: Catastrophic SG tube failure.
• Vessel head break.
• Bound. cond.: degraded ECCS, loss of RHR...

– Not to confuse with AOO not adequately dealt with in the original 
Design Basis: ie.: BWR instability, use of software based control or 
protection systems, etc...

– Severe accident is a category of BDBA leading to core melt due to 
multiple failures.

– Progression: Core damage PSA-1
CD + RCS fail PSA-2
CD+ RCS fail + Containment fail PSA-3

Beyond Design Bases Accidents & Beyond Design Bases Accidents & 
Severe Accidents.Severe Accidents.
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Severe AccidentsSevere Accidents
– Already included in Nuclear Safety Convention:

• Preamble iv,v; art 6 (tech. clause)

– Prevention:
• Severe accident management guides (SAMG)
• International cooperation:”Convention on assistance in the case 

of a nuclear accident or radiological emergency”
• Additional equipment.

– Mitigation:
• Emergency response:

On-site
Off-site
International: “Convention on early notification of a 
Nuclear Accident”
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– Identification: Use of PSA
At power
Shut-down modes.

– Tools:
• Use of realistic assumptions, data, methods and decision criteria.

– Acceptance criteria.
• Probabilistic: risk thresholds + ALARP (assisting design and plant 

modifications)
Failure freq. of safety related systems
Freq. of core melt.
Freq. of specific release
Freq. of specific health, environmental, economic effects

• Deterministic:
Abort high pressure core melt sequences.
Abort Steam explosions (in-vessel, exvessel)
Abort global H2 detonations.
Avoid corium basemat penetration.
...

Severe AccidentsSevere Accidents
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Contribution to core damage

37%

20%10%

6%

5%

4%

4%

2%

12%

SB LOCA
Reactor &turbine trip
Loss of offsite power
SG Tube rupture
ATWS
VSBLOCA
Loss of feedwater
Interface LOCA
others

Severe AccidentsSevere Accidents



 Resolution Plan for GI-AP1000-SI-06   

Westinghouse UK 
AP1000® GENERIC DESIGN ASSESSMENT 

Resolution Plan for GI-AP1000-SI-06 
Structural Integrity Categorisation and Classification 

 
MAIN ASSESSMENT AREA RELATED 

ASSESSMENT 
AREA(S) 

RESOLUTION 
PLAN REVISION  

GDA ISSUE 
REVISION 

Structural Integrity - 4 0 
 

GDA ISSUE: Provide evidence to show that categorisation and 
classification has been applied in an appropriate manner 
to components with an important structural integrity claim. 

ACTION: GI-AP1000-SI-
06.A1 

Provide evidence to show that the principal design and 
construction codes adopted for Class 2 Pressure 
Equipment and Storage Tanks are consistent with ONR’s 
expectations as detailed within the SAPs, particularly 
ECS.3 and supporting paragraphs 157-161.  In particular, 
where non-nuclear Pressure Equipment and Storage 
Tank design and construction codes are used in the 
design of Class 2 components Westinghouse will need to 
fully justify each case to show the arguments and 
evidence which support the use on non-nuclear codes.  
The arguments and evidence should take account of:  

• the safety significance of the component;  
• the demands that are placed on the system in 

terms of loadings, fatigue, temperature etc, and;  
• the consequences of failure of pressure boundary 

in terms of both the loss of system function and on 
the Internal Hazards safety case.  

 With agreement from the Regulator this action may be 
completed by alternative means. 

ACTION: GI-AP1000-SI-
06.A2 

Provide evidence to show that components in AP1000® 
Equipment Class C have been assigned a class that is 
consistent with their intended duty and implied reliability. 
In particular Westinghouse need to provide arguments 
and evidence to show why it is appropriate to design and 
construct the Accumulator Tanks in the Passive Core 
Cooling System to ASME III Class 3 when previous 
designs of reactor would have designed and constructed 
the Accumulators to ASME III Class 2 in line with the 
guidance provided in ANS-51.1-1983.  The arguments 
and evidence should address:  

• the intended duty and implied reliability of the 
vessel, and;  

• provide evidence to justify why the AP1000 design 
has apparently downgraded the classification of 
the core cooling system from the criteria set in 
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ANS-51.1-1983.  
With agreement from the Regulator this action may be 
completed by alternative means. 

ACTION: GI-AP1000-SI-
06.A3 

Provide arguments and evidence to show that 
catastrophic failure of a reactor coolant pump bowl would 
not challenge the effectiveness of the vertical support for 
the Steam Generator.  
The reactor coolant pump bowl has been assigned a 
Standard Class 1 structural integrity classification.  It will 
be designed and constructed to ASME III, but this is not 
sufficient in its own right to discount the possibility of 
gross failure.  As a result it is necessary to address the 
consequences of failure of the pump bowl.   
Due to the proximity of the reactor coolant pump bowl to 
the Steam Generator vertical support it is not obvious that 
failure of the support can be discounted as not credible 
without sufficient evidence.  
Thus Westinghouse will need to provide the evidence that 
the effectiveness of the Steam Generator vertical support 
will not be challenged by the failure of the pump bowl in 
order to support the assignment of a Standard Class 1 
structural integrity classification for the pump bowl. 
With agreement from the Regulator this action may be 
completed by alternative means. 

RELEVANT REFERENCE DOCUMENTATION RELATED TO GDA ISSUE 
Technical Queries TQ-AP1000-1045 

Regulatory Observations RO-AP1000-18 

Other Documentation  
 

Scope of work: 
The key activities which will need to be completed to close this GDA Issue are: 

• Complete the arguments and evidence to support the claim that the appropriate 
design codes have been selected for UK Class 2 pressure equipment and storage 
tanks.   

• Justify that the components in AP1000 equipment Class C have been assigned a 
class that is consistent with their intended duty.  This will include justifying that the 
appropriate ASME classification has been assigned to the accumulators and 
connected AP1000 equipment class C components.   

• Provide evidence to demonstrate that an assumed failure of the reactor coolant 
pump (RCP) casing will not have indirect consequences that challenge the 
effectiveness of steam generator on a best estimate basis as described in UKP-
GW-GLR-004. 
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Description of work: 
Action 1 
The AP1000 UK Safety Categorisation and Classification Methodology was revised and 
submitted in May 2010 following extensive interaction with ONR on the topic.  The 
methodology categorises and classifies systems, structures, and components (SSCs) 
based on the safety function they perform and the importance they contribute to 
providing that function.  For each classification of equipment, the methodology specifies 
the design codes and standards used in the design of that equipment.  Tables are 
provided in the methodology that explicitly specifies the codes and standards associated 
with each Class1, Class 2, and Class 3 SSCs.   
 
In April 2011, ONR raised a new question regarding the design codes and standards 
associated with UK Class 2 pressure equipment and storage tanks.  Due to the late 
nature of this question inside Step 4 of GDA, Westinghouse was unable to provide a 
response within the defined Step 4 timeframe.  The ONR confirmed that the open 
question was limited solely to the completion of the justification for the codes and 
standards used for pressure equipment and storage tanks in Class 2 SSCs. 
 
To resolve this issue, Westinghouse will perform a review of pressure equipment and 
storage tanks that have been classified as UK Class 2.  For systems that contain Class 2 
equipment, Westinghouse will justify that appropriate codes and standards have been 
applied to the pressure equipment and tanks based on their safety significance.   
 
The UK Class 2 components are identified in the AP1000 UK Safety Categorisation and 
Classification of Systems, Structures, and Components report.  The UK Class 2 
pressure equipment and storage tanks are located in systems with relatively low design 
temperatures and pressures. As defined within the AP1000 UK Categorisation and 
Classification Methodology, Category A safety functions are supported by both passive 
and active equipment.  The primary means to accomplish Category A safety functions is 
using highly reliable passive safety systems designed to nuclear specific codes and 
standards.  The active UK Class 2 systems provide an additional means to accomplish 
these functions and minimise the need to actuate the passive safety features.  The 
justification will demonstrate that given the robust nature of the AP1000 passive systems 
and the absence of a nuclear code written explicitly for Class 2 pressure equipment and 
storage tanks, it is appropriate to design the Class 2 tanks and pressure equipment to 
non-nuclear codes and standards with supplemental quality requirements as 
appropriate.  This approach and justification has been used to justify the codes and 
standards implemented for Class 2 components in other technical areas such as 
mechanical engineering and civil engineering.  Following this approach will provide a 
consistent implementation for codes and standards for Class 2 components. 
 
Additional supplemental quality requirements are specified for UK Class 2 SSCs which 
perform defense in depth safety functions. These requirements are highlighted in 
Section 6.5.2 of the AP1000 UK Safety Categorisation and Classification Methodology 
and described in Chapter 17 of the European DCD.  The response to this action will 
further highlight these items to demonstrate additional quality measures are imposed to 
UK Class 2 components. 
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Action 2 
The AP1000 accumulators and connected equipment are classified as AP1000 
equipment Class C. In April 2011 ONR inquired why the accumulators were designed 
according to ASME Code, Section III, Class 3 as opposed to ASME Code, Section III, 
Class 2 as they are in some existing nuclear power plants.  The late nature of this 
question within the GDA process did not allow Westinghouse an opportunity to provide a 
response during GDA.     
 
The standard AP1000 safety classification methodology is provided in Section 3.2 of the 
European Design Control Document (EDCD), which was provided to ONR during Step 3 
of GDA.   
 
In addition to 10 CFR 50.55a, the standard AP1000 safety classification has been 
developed considering requirements and guidelines in the following: 

• ANSI N18.2 – safety classification 

• ANS 51.1 – safety classification 

• U.S. NRC Regulatory Guide 1.26 – Quality Groups 

• U.S. NRC Regulatory Guide 1.97 – instrumentation requirements 

• 10 CFR 21 
 

The specific classifications for various structures, systems, and components included in 
U.S. NRC Regulatory Guide 1.26, ANSI 18.2, and ANS 51.1 are based on a NPP with 
active safety systems and are not necessarily appropriate for the passive safety systems 
of the AP1000 design. Unlike the current generation of Light Water Reactors, the 
AP1000 design uses passive safety systems that rely exclusively on natural forces such 
as density differences, gravity, and stored energy to provide water and air for core and 
containment cooling. Recognising this difference, an appropriate classification 
methodology was developed by Westinghouse that adapted these guidelines for the 
AP1000 passive approach to safety.   This methodology was reviewed and approved by 
other international regulatory bodies as part of the AP1000 standard design approval.  In 
response to this action, Westinghouse will describe these adaptations and justify that 
they are adequate to provide the required system reliability.   
 
Equipment that is required to provide core cooling in the event of an accident and does 
not meet the criteria defined for AP1000 equipment Class A or B is classified as AP1000 
equipment Class C.  Class C is a safety related Class equivalent to ANS Safety Class 3.  
ASME Code, Section III, Class 3 applies to pressure retaining equipment in this class.   
 
Westinghouse will provide an assessment that compares the construction, fabrication, 
and inspection requirements between AP1000 Class B and C equipment.  The 
assessment will highlight the consequences of those differences in terms of design 
margin and worker dose exposure to demonstrate that the appropriate equipment has 
been assigned to AP1000 equipment Class C.   
 
Action 3 
The AP1000 RCP casing is manufactured from a single piece forging.  The pump casing 
is welded directly to the bottom of the steam generators (SG) and connected to the 
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Reactor Coolant System (RCS) cold leg piping.  The weld to the SG is assumed to be 
part of the SG, and the weld to the coolant piping is assumed to be part of RCS piping.  
Therefore, there are no welds directly associated with the RCP casing.   
 
A UK Structural Integrity Classification Assessment was conducted to determine if there 
was a need to classify any AP1000 primary components as either High Safety 
Significant (HSS) or High Integrity (HI).  The assessment is documented in UKP-GW-
GLR-004.  The assessment considered both the direct and indirect consequences of an 
assumed gross failure of a defined component.  The gross failure was generally 
considered to be a disruptive failure of the pressure boundary of the component along a 
defined weld.  The weld to the SG was classified as HSS due to potential concerns 
regarding a gross failure of the weld to the SG channel head could cause a disruptive 
failure of the channel head which could lead to failure of the vertical support of the SG.  
The assessment of the RCP primarily focused on the effects of the failure of the pump 
casing on the surrounding structure.  It did not directly consider the effects of a failure of 
the pump casing on the SG support.   
 
To resolve this action, Westinghouse will expand the assessment to examine the effects 
of a failure of the casing on the SG support.  The first step in the assessment is to 
determine what are credible fragment sizes for potential missiles resulting from a failure 
of the RCP casing.  Once the potential missile size is determined, a missile impact 
assessment will be completed that examines the effect of the failure on the SG support.  
The assessment will be based on the R3 or another equivalent methodology.  
 
The deliverables for Action 1 through Action 3 will be UKP-GW-GL-105, UKP-GW-GL-
106, and UKP-GW-GL-107 respectively.  
 

 
Schedule/ programme milestones: 
Please see the following page for the schedule. 
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# Activity Name

1 UK Generic Design Assessment (GDA) Resolution Plans (51)
2 STRUCTURAL INTEGRITY
3 SI.06 Categorisa on and Classifica on-Resolu on Plan
4 SI.06 UKP-GW-GL-105: AP1000® Plant Review of UK Class 2 Structures, Sys & Components (SSCs) (A1)
5 UKP-GW-GL-105-Submit to ONR
6 UKP-GW-GL-105-ONR Review of Submittal
7 UKP-GW-GL-105, Rev 1-Submit to ONR
8 UKP-GW-GL-105, Rev 1-ONR-Review of Submittal
9 SI.06 UKP-GW-GL-106: Assessment of AP1000® Plant Safety Class B and C (A2)
10 UKP-GW-GL-106-Submit to ONR
11 UKP-GW-GL-106-ONR-Review of Submittal
12 UKP-GW-GL-106, Rev 1-Submit to ONR
13 UKP-GW-GL-106, Rev 1-ONR-Review of Submittal
14 SI.06 UKP-GW-GL-107: AP1000® Plant Assessment of Reactor Coolant Pump to Steam Generator Weld (A3)
15 UKP-GW-GL-107-Submit to ONR
16 UKP-GW-GL-107-ONR Review of Submittal
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 Resolution Plan for GI-AP1000-SI-06   

Methodology: 
Action 1 
Westinghouse will perform a review of systems that contain UK Class 2 SSCs and 
complete the justification that the codes and standards applied to the pressure 
equipment and storage tanks are appropriate given their role in supporting their safety 
functions and the demands the equipment is subjected to.   
 
Action 2 
The response will describe why it was necessary to adapt the existing guidance for the 
AP1000 plant relative to the codes and standards applied to the standard AP1000 
Class C components.  Westinghouse will provide an assessment that compares the 
construction, fabrication, and inspection requirements between AP1000 Class B and C 
equipment and demonstrate that the appropriate ASME Section III classification has 
been assigned to each AP1000 component classification.  The approach will 
demonstrate that the applied codes and standards will provide the necessary reliability 
for the components to perform their required safety functions.   
 
Action 3 
R3 or another equivalent methodology. 
 

 
Justification of adequacy: 
Action 1 
Please refer to the description of work.  The justifications for pressure equipment and 
tanks classified as UK Class 2 SSCs will complete the demonstration that the 
appropriate codes and standards have applied to the design of the identified UK Class 2 
SSCs.  The justification will demonstrate that the appropriate codes and standards have 
been applied to Class 2 pressure equipment and storage tanks to allow them to reliably 
perform their intended functions relative to the overall AP1000 approach to safety.  This 
is the same approach as what has been used for the justification for the codes and 
standards used for Class 2 components in other GDA review areas such as mechanical 
engineering and civil engineering.  This provides confidence that a successful resolution 
will be reached following this approach.   
 
Action 2 
Please refer to the description of work.  The response will demonstrate that the standard 
AP1000 safety classification methodology for equipment Class C components is 
appropriate considering the differences in design margin and worker dose exposure 
compared to the design standards used for AP1000 equipment Class B components.  
The response will demonstrate that adaptations of the existing historical guidance for 
classification of standard AP1000 Class C SSCs is appropriate.   
 
Action 3 
Please refer to the description of work.  The proposed evaluation will demonstrate that 
missiles generated assuming a gross failure of the RCP casing should not lead to 
significant core damage and containment failure.    
 
Timely closure of the actions defined in this Issue will be reached through maintaining 
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 Resolution Plan for GI-AP1000-SI-06   

quality interaction with ONR and using existing processes to assure closure of open 
items. 
 

 
Impact assessment: 
The Safety Submission Documents (Pre-Construction Safety Report (primarily Chapter 
20), Environment Report and its supporting documents, Design Reference Point, Plant 
Life Cycle Safety Report, Master Submission List and Roadmap) will be updated as 
appropriate.  
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From: James, Lois
To: James, Lois
Subject: making sure each of the attachments are publicly availableFW: Fwd: Petition meeting of Jan 31, 2018
Date: Monday, February 05, 2018 9:41:03 AM
Attachments: GAO-renewal.pdf

RenewalP-WSJ.docx
IAEA-Safety-Analysis.pdf
AP1000-std.pdf

GAO-renewal.pdf                    https://www.gao.gov/products/GAO-13-493
RenewalP-WSJ.docx              provided link in meeting summary, actual article is copyrighted
IAEA-Safety-Analysis.pdf        http://www-
ns.iaea.org/downloads/ni/training/specific_expert_knowledge/safety%20assessment/II%201_1%20Safety%20Object%20.and%20Req.
(coment1).pdf
AP1000-std.pdf                       http://www.onr.org.uk/new-reactors/reports/step-four/westinghouse-final-res-plans/resolution-plan-gi-
ap1000-si-06.pdf
 
 
From: Samuel Miranda [mailto:sm0973@gmail.com] 
Sent: Wednesday, January 31, 2018 6:01 PM
To: James, Lois <Lois.James@nrc.gov>
Subject: [External_Sender] Fwd: Petition meeting of Jan 31, 2018
 
 
Here are some notes and supporting information for the record.

Please note that the WSJ article is copyrighted. I believe you may use excerpts with attribution; but not the entire article. 
 

Notes for the Meeting of January 31, 2018

 

1.       ANS N18.2 (even the UK uses it)

 

 

2.       CLB & the two principles of license renewal

 

 

3.       Relicensing vs renewal (Brian Holian, WSJ article)

 

 

4.       Protect the public safety or licensees’ bottom lines? Uprates?

 

 

5.       Conditions I and II vs III and IV

 

 

6.       Condition III (Beznau and TMI)

 

 

7.       CUF and design transients

 

 

8.       Ageing management is not enough (unknowns, examples)

 

mailto:Lois.James@nrc.gov
mailto:Lois.James@nrc.gov
https://www.gao.gov/products/GAO-13-493
http://www-ns.iaea.org/downloads/ni/training/specific_expert_knowledge/safety%20assessment/II%201_1%20Safety%20Object%20.and%20Req.(coment1).pdf
http://www-ns.iaea.org/downloads/ni/training/specific_expert_knowledge/safety%20assessment/II%201_1%20Safety%20Object%20.and%20Req.(coment1).pdf
http://www-ns.iaea.org/downloads/ni/training/specific_expert_knowledge/safety%20assessment/II%201_1%20Safety%20Object%20.and%20Req.(coment1).pdf
http://www.onr.org.uk/new-reactors/reports/step-four/westinghouse-final-res-plans/resolution-plan-gi-ap1000-si-06.pdf
http://www.onr.org.uk/new-reactors/reports/step-four/westinghouse-final-res-plans/resolution-plan-gi-ap1000-si-06.pdf
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NUCLEAR REACTOR LICENSE RENEWAL 
NRC Generally Follows Documented Procedures, but 
Its Revisions to Environmental Review Guidance 
Have Not Been Timely 


Why GAO Did This Study 


Many U.S. commercial nuclear power 
reactors are reaching the end of their 
initial 40-year operating period. To 
continue operating, their owners must 
renew their licenses with NRC, the 
independent federal agency 
responsible for licensing and regulating 
nuclear reactors. NRC evaluates 
license renewal applications under two 
parallel reviews for safety and potential 
environmental impacts. NRC’s license 
renewal process has received 
increasing public scrutiny due, in part, 
to the 2011 disaster at Japan’s 
Fukushima Daiichi nuclear plant. 


GAO was asked to review NRC’s 
license renewal process for 
commercial nuclear power reactors. 
This report examines (1) the scope of 
the license renewal process, (2) the 
extent to which NRC updates its safety 
and environmental review guidance, 
(3) the extent to which NRC follows its 
documented license renewal 
procedures, and (4) knowledgeable 
stakeholders’ views on the strengths 
and weaknesses in the license renewal 
process and any suggestions for 
improvements. GAO reviewed 
documents; visited two nuclear power 
plants selected based on 
characteristics such as having gone 
through the license renewal process; 
assessed the consistency of NRC 
reviews with documented procedures; 
and interviewed NRC officials and 
stakeholders from industry and public 
interest groups. GAO did not evaluate 
the adequacy or substance of NRC 
reviews or the quality of the agency’s 
license renewal procedures. 


GAO is not making recommendations. 
NRC neither agreed nor disagreed with 
GAO’s findings. 


What GAO Found 


The scope of the Nuclear Regulatory Commission’s (NRC) license renewal 
process focuses on managing the effects of aging on a reactor and its associated 
systems, structures, and components (i.e. safety) and assessing certain potential 
environmental impacts of extending a reactor’s operating-life. As a result, reviews 
done as part of this process are not required to address as many topics as 
reviews for initial licensing, which include security and emergency planning.  


NRC has regularly updated the safety review guidance it uses in the license 
renewal process but has not revised most of its environmental review regulations 
and guidance since they were first issued. NRC has revised its safety review 
guidance twice—in 2005 and 2010—and has issued interim updates for selected 
safety issues between those revisions. In contrast, NRC has not revised most of 
its environmental review regulations and guidance since they were first issued 
starting in 1996. NRC regulations state the agency’s goal is to review its 
environmental findings every 10 years and update its license renewal regulations 
and guidance, if necessary. Consistent with this goal, NRC initiated the revision 
process in 2003. In December 2012, the NRC Commissioners approved draft 
regulations, but they directed agency staff to make additional changes. As of 
March 2013, NRC staff were working on these changes. According to NRC 
officials, reasons for the lengthy revision process include limited staff resources 
and competing demands on those resources as well as an unusually large 
number of technical issues needing evaluation. NRC requires applicants and 
expects agency staff to consider new and significant environmental information in 
the license renewal process, but its use of regulations and guidance originally 
issued 17 years ago has created the impression among some that the agency is 
using outdated information and has caused uncertainty for some license renewal 
applicants about what guidance will be used to evaluate their application. 


NRC generally followed its procedures when reviewing selected safety and 
environmental elements in eight license renewal applications GAO examined. 
NRC’s safety reviews were generally consistent with the agency’s procedures for 
evaluating both an applicant’s identification of components within the scope of 
the license renewal process and proposed buried piping and tanks inspection 
and fire protection programs for aging management. NRC’s environmental 
reviews were also generally consistent with agency procedures for evaluating (1) 
new and significant information for two generic environmental issues; (2) 
applicants’ assessments of two site-specific environmental issues; and (3) 
applicants’ analyses of alternatives for mitigating severe reactor accidents.  


Knowledgeable stakeholders interviewed by GAO identified various perceived 
strengths and weaknesses and potential improvements to the license renewal 
process. Stakeholders most often identified NRC staff’s technical knowledge and 
the thoroughness of the agency’s reviews as perceived strengths of the process. 
Stakeholders also identified a range of perceived weaknesses in the license 
renewal process, including claims that its scope is too narrow and that its public 
hearing process is flawed and inhibits meaningful public participation. 
Accordingly, some stakeholders suggested potential changes to improve the 
license renewal process, including broadening the scope of NRC’s reviews and 
modifying aspects of the public hearing process.   


View GAO-13-493. For more information, 
contact Frank Rusco at (202) 512-3841 or 
ruscof@gao.gov. 



http://www.gao.gov/products/GAO-13-493�
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441 G St. N.W. 
Washington, DC 20548 


May 30, 2013 


Congressional Requesters 


U.S. commercial nuclear power reactors generated nearly 20 percent of 
the nation’s electricity in 2012, but many of them are reaching or have 
reached the end of their initial 40-year operating period.1 For these 
reactors to continue operating, their owners must renew their licenses 
with the Nuclear Regulatory Commission (NRC), the independent federal 
agency responsible for licensing and regulating nuclear reactors and 
overseeing their safe operation and security. NRC allows reactor owners 
to apply for renewal of their operating licenses for up to an additional 20 
years, and owners may apply to renew licenses more than once. Since 
2000, NRC has renewed operating licenses for 73 of the nation’s nuclear 
reactors.2 As of May 2013, NRC was reviewing license renewal 
applications for 14 reactors and expected to receive renewal applications 
for 15 more reactors in the next 5 years, according to NRC documents.3


In recent years, NRC’s license renewal process has received increasing 
public scrutiny. In 2007, NRC’s Office of the Inspector General (OIG) 
reported that NRC had developed a comprehensive process for reviewing 
license renewal applications, but agency staff had not consistently 
reviewed or independently verified applicant-supplied operating 


 
With relatively few new nuclear reactors expected to go into operation in 
the United States this decade, nuclear power’s contribution to the nation’s 
energy supply may depend in large part on the number of existing 
reactors operating under renewed licenses. 


                                                                                                                     
1In this report, when we use the term power plant, we are referring to an entire site, and 
nuclear power reactors are the individual units at each site. 
2In February 2013, the owner of the Crystal River Nuclear Plant in Florida permanently 
shut down that site’s reactor and, in May 2013, the owner of the Kewaunee Power Station 
in Wisconsin permanently shut down that site’s reactor. These actions reduced the 
number of operating commercial nuclear power reactors in the United States from 104 to 
102. The Kewaunee reactor was one of the 73 reactors with an operating license renewed 
by NRC. As a result, as of May 2013, there are 72 commercial nuclear power reactors 
with renewed operating licenses operating in the United States. 
3The owner of the Watts Bar nuclear reactor in Tennessee—whose initial operating 
license does not expire until 2035—has not submitted a license renewal application and 
has not notified NRC of its intent to submit an application.  
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experience information.4 In 2011, following the disaster at Japan’s 
Fukushima Daiichi nuclear power plant,5 more than 40 public interest 
groups and individuals called for a moratorium on license renewal 
decisions until NRC completed its review of lessons learned from the 
disaster and issued any regulatory decisions and environmental analyses 
based on those lessons. In May 2012, NRC held a public meeting to 
collect comments on issues for the agency to consider as it prepares for 
future reviews of applications to renew reactor operating licenses for a 
second time. Renewing an operating license for a second time would 
allow a reactor to operate for a total of up to 80 years. In August 2012, the 
NRC Commissioners suspended all pending license renewal decisions 
until the agency addresses a federal appeals court decision vacating 
NRC’s Waste Confidence Decision and Temporary Storage Rule, which 
embodies the agency’s generic determination on the environmental 
impacts of continued storage of spent nuclear fuel beyond the licensed 
life for nuclear reactor operations and prior to its ultimate disposal in a 
geologic repository.6


                                                                                                                     
4NRC Office of the Inspector General, Audit of NRC’s License Renewal Program, OIG-07-
A-15 (Washington, D.C.: September 2007). 


 According to agency documents, NRC has 
historically used this generic determination to satisfy the agency’s 


5On March 11, 2011, a 9.0-magnitude earthquake and subsequent tsunami devastated 
northeast Japan. The Fukushima Daiichi nuclear power plant suffered extensive damage 
when a tsunami wave that exceeded the plant’s seawall flooded the site and caused a 
prolonged loss of electrical power at several of its reactors. As a result of the loss of 
power, plant operators were unable to keep three of the reactors cool, which led to fuel 
melting, hydrogen explosions, and the release of radioactive material into the 
environment. The disaster displaced tens of thousands of residents and contaminated the 
surrounding area. The Japanese government expects recovery to take years and cost 
billions of dollars. 
6On June 8, 2012, the U.S. Court of Appeals for the District of Columbia Circuit found that 
some aspects of NRC’s 2010 Waste Confidence Decision Update and associated 
Temporary Storage Rule did not satisfy the agency’s National Environmental Policy Act 
obligations and vacated the Decision Update and Rule. According to a NRC document, 
the Waste Confidence Decision and Rule represent NRC’s generic determination that 
spent nuclear fuel can be stored safely and without significant environmental impacts for a 
period of time after the end of the licensed life of a nuclear reactor. See 75 Fed. Reg. 
81,037 (Dec. 23, 2010). The court held that NRC needed to examine the potential 
environmental impacts of failing to secure permanent disposal for spent nuclear fuel, the 
risk of potential spent fuel pool leaks, and the potential consequences of spent fuel pool 
fires. In response to the court’s decision, NRC decided to stop all final licensing decisions 
that rely on the Waste Confidence Decision and Rule, including license renewals, but it 
directed that agency staff should continue all licensing reviews and proceedings. The NRC 
Commissioners have directed agency staff to issue the final Environmental Impact 
Statement and Rule to address the court’s concerns by no later than September 2014. 
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obligations under the National Environmental Policy Act7


In this context, you asked us to review NRC’s license renewal process for 
commercial nuclear power reactors. This report examines (1) the scope of 
the license renewal process; (2) the extent to which NRC updates the 
safety and environmental review guidance used in the license renewal 
process; (3) the extent to which NRC follows the agency’s documented 
license renewal procedures; and (4) knowledgeable stakeholders’ views 
on the strengths and weaknesses in the license renewal process and 
suggestions, if any, for improving the process. 


 with respect to 
continued spent fuel storage and has incorporated the generic 
determination by reference into license renewal supplemental 
environmental impact statements. 


To conduct this work, we reviewed relevant laws, regulations, and NRC 
guidance and interviewed NRC headquarters and regional officials 
involved in the license renewal process. To describe the scope of the 
license renewal process, we reviewed NRC regulations and guidance. In 
addition, we visited a nonprobability sample of two nuclear power 
plants—Millstone Power Station in Connecticut and the Pilgrim Nuclear 
Power Station in Massachusetts—to interview plant representatives about 
their experience with the license renewal process and to observe 
programs implemented at the sites following a license renewal.8


                                                                                                                     
7Pub. L. No. 91-190, 83 Stat. 852 (1970), codified as amended at 42 U.S.C. §§ 4321-4347 
(2013). Under the National Environmental Policy Act, federal agencies must assess the 
effects of major federal actions—those they propose to carry out or to permit—that 
significantly affect the environment. The National Environmental Policy Act has two 
principal purposes: (1) to ensure that an agency carefully considers detailed information 
concerning significant environmental impacts and (2) to ensure that this information will be 
made available to the public.  


 We 
selected these sites to capture a variety of characteristics, including sites 
that had gone through the license renewal process, at least one site that 
was operating under a renewed license beyond its initial 40-year 
operating period, and at least one site that was the subject of a public 
hearing concerning a challenge to its license renewal application. To 
determine the extent to which NRC updates the safety and environmental 
review guidance used in the license renewal process, we examined NRC 
documents, reviewed changes made to license renewal safety and 


8Because this was a nonprobability sample, the information we gathered from these site 
visits is not generalizable to all nuclear power plants but provides important illustrative 
information.  
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environmental guidance, and interviewed NRC officials. To determine the 
extent to which NRC followed the agency’s documented license renewal 
procedures, we selected a nonprobability sample of safety and 
environmental review elements that are assessed as part of NRC’s 
license renewal process and identified the agency’s documented 
procedures for reviewing those elements. We then identified the actions 
NRC staff took to review the selected elements, as documented in NRC 
audit reports, inspection reports, and final safety and environmental 
reports, for a nonprobability sample of eight license renewal applications. 
Our nonprobability sample consisted of license renewal applications for 
Columbia Generating Station, Duane Arnold Energy Center, Millstone 
Power Station (Unit 3), Monticello Nuclear Generating Plant, Pilgrim 
Nuclear Power Station, Shearon Harris Nuclear Power Plant, Virgil C. 
Summer Nuclear Station, and Wolf Creek Generating Station.9 We 
selected this sample to capture a variety of characteristics, including 
reactors from different NRC regions, and reactors whose license renewal 
applications were reviewed using different versions of NRC’s safety and 
environmental review guidance. We then compared NRC staff’s 
documented actions with the agency’s documented procedures to assess 
the level of consistency for the review elements in our sample. We did not 
evaluate the adequacy or substance of NRC’s review actions or the 
quality of its documented license renewal procedures. To describe 
knowledgeable stakeholders’ views of strengths and weaknesses in 
NRC’s license renewal process, we interviewed 15 stakeholders. To 
ensure coverage and a range of perspectives, we selected stakeholders 
who came from industry, public interest groups, state governments, and 
NRC’s Advisory Committee on Reactor Safeguards (ACRS).10


                                                                                                                     
9Because this was a nonprobability sample, our results are not generalizable to all license 
renewal reviews but provide examples of safety and environmental review elements that 
NRC reviewed as part of its license renewal process.    


 We 
analyzed stakeholders’ responses to a standard set of questions and 


10ACRS is a body of nuclear, engineering, and safety experts appointed by the NRC 
Commissioners, which is independent of the NRC staff and reports directly to the NRC 
Commissioners. ACRS is established in statute. The committee has four primary 
purposes: (1) to review and report on safety studies and reactor facility license and license 
renewal applications; (2) to advise the NRC Commissioners on the hazards of proposed 
and existing production and utilization facilities and the adequacy of proposed safety 
standards; (3) to initiate reviews of specific generic matters or nuclear facility safety-
related items; and (4) to provide advice in the areas of health physics and radiation 
protection.  
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summarized the results. Appendix I presents a more detailed description 
of our objectives, scope, and methodology. 


We conducted this performance audit from May 2012 to May 2013 in 
accordance with generally accepted government auditing standards. 
Those standards require that we plan and perform the audit to obtain 
sufficient, appropriate evidence to provide a reasonable basis for our 
findings and conclusions based on our audit objectives. We believe that 
the evidence obtained provides a reasonable basis for our findings and 
conclusions based on our audit objectives. 


 
NRC issues licenses for commercial nuclear power reactors to operate for 
up to 40 years and allows these licenses to be renewed for up to an 
additional 20 years.11 There is no set limit on the number of times a 
reactor’s operating license can be renewed. Most of the nation’s 102 
operating commercial nuclear power reactors received their initial 
operating licenses in the 1970s and 1980s.12


                                                                                                                     
11The decision to seek license renewal rests entirely with reactor owners and, according 
to NRC documents, is typically based on the reactor’s economic situation and whether it 
can meet NRC requirements. 


 By the end of 2013, 64 
reactors will have held an operating license for at least 30 years, and of 
these reactors, 20 will have held an operating license for 40 years or 
more (see fig. 1). As a result, many reactors are reaching or have 
reached the end of their initial 40-year operating period. As of May 2013, 
NRC had renewed 73 reactor licenses and was reviewing license renewal 
applications for 14 reactors. 


12One reactor received its operating license in 1969, and 6 reactors received their 
operating licenses in the 1990s, with the last of those reactors receiving its operating 
license in 1996. The other 95 reactors received their operating licenses from 1970 through 
1989. Appendix II lists, for each of the nation’s operating reactors, the date of their initial 
operating license, their license renewal status, and the date their current license is set to 
expire.  


Background 
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Figure 1: Operating Commercial Nuclear Power Reactors and Their License Renewal Status as of May 2013 


 
 
Note: In February 2013, the owner of the Crystal River Nuclear Plant in Florida permanently shut 
down that site’s reactor and, in May 2013, the owner of the Kewaunee Power Station in Wisconsin 
permanently shut down that site’s reactor. These actions reduced the number of operating 
commercial nuclear power reactors in the United States from 104 to 102. The Kewaunee reactor was 
one of the 73 reactors with an operating license renewed by NRC. As a result, as of May 2013, there 
are 72 commercial nuclear power reactors with renewed operating licenses operating in the United 
States. 
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NRC has used its documented license renewal process for commercial 
nuclear reactors since the first license renewal application was submitted 
in 1998. The process begins when a reactor owner submits an application 
to NRC to renew its operating license (see fig. 2).13 The application must 
include two evaluations: (1) a safety review on the aging of certain 
systems, structures, and components and a description of the programs 
the applicant plans to use to manage the negative effects of aging during 
the reactor’s extended operating-life and (2) an environmental review on 
the potential environmental impacts if the reactor operates for another 20 
years. NRC staff review the application through audits and by requesting 
additional information from applicants to address any staff questions.14


                                                                                                                     
13According to NRC regulations, a reactor owner may apply to renew its operating license 
as early as 20 years before expiration of the current license, 10 C.F.R. § 54.17(c) (2013). 
There is no limit on how late a reactor owner can apply for license renewal. However, 
according to NRC regulations, if a reactor owner files a license renewal application that is 
sufficient for NRC’s review at least 5 years before expiration of its existing license, and the 
agency is reviewing the application at the end of the 5 years, the reactor’s operating 
license will not be deemed to have expired until NRC has reached a final determination on 
its application, 10 C.F.R. § 2.109(b) (2013). If a sufficient application is not submitted at 
least 5 years before the current license expires, and the current license expires before the 
review has been completed, the reactor will have to cease operations unless an 
exemption to 10 C.F.R. § 2.109(b) is granted. 


 
Agency staff also verify through inspections that applicants meet license 
renewal requirements and have implemented programs and activities 
consistent with their application and NRC’s safety review. The public may 
submit comments and attend meetings at several points during the 
license renewal process. In addition, a person whose interest may be 
affected by the renewal can file a written request for a hearing or a 
petition for leave to intervene in the renewal of the license, and those 
challenges may be litigated in a public hearing before NRC’s Atomic 
Safety and Licensing Board if certain requirements are met. ACRS—an 
independent body of nuclear, engineering, and safety experts appointed 
by the NRC Commissioners—reviews the NRC staff’s final safety report 


14According to NRC documents, agency staff uses requests for additional information to 
obtain the information they need to make a regulatory decision that is fully informed, 
technically correct, and legally defensible. Requests for additional information are 
necessary when the information was not included in an applicant’s initial submission, is 
not contained in any other docketed correspondence, or cannot reasonably be inferred 
from the information available to agency staff. For example, according to NRC officials, 
agency staff use requests for additional information during the environmental review to 
look for new or updated information on the issues they are reviewing as part of the license 
renewal process.  
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and inspection findings and makes a recommendation as to whether or 
not a license renewal application should be approved. 


Figure 2: Key Steps of NRC’s License Renewal Process for Nuclear Power Reactors 
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Once agency staff reviews are finalized, ACRS has made its 
recommendation, and any Atomic Safety and Licensing Board hearings 
are completed, NRC makes a final determination on whether or not to 
renew a reactor’s operating license. According to NRC documents, the 
agency generally expects to complete a license renewal review within 22 
months of an application’s submission, if there is not a public hearing. If 
there is a public hearing, the agency generally expects a license renewal 
review to be completed within 30 months. If NRC renews a reactor’s 
operating license, agency staff perform an additional inspection to verify 
that the reactor owner has implemented the commitments, license 
conditions, and aging management programs it agreed to during the 
license renewal process. The inspection typically happens prior to a 
reactor operating beyond its initial 40-year operating period. 


In September 2007, NRC’s OIG issued an audit report detailing its 
findings on NRC’s license renewal safety reviews.15 Overall, the OIG 
found that NRC had developed a comprehensive license renewal process 
but identified eight recommendations for improvement. In particular, the 
OIG recommended that NRC establish report-writing standards for 
agency staff describing the license renewal review methodology and 
supporting the conclusions in license renewal reports. The OIG also 
recommended that the agency establish requirements and management 
controls to standardize the depth and conduct of license renewal reviews 
of plant-specific operating experience. According to the OIG report, 
reviews of plant-specific operating experience are important for license 
renewal decisions because they can help identify lessons learned for 
detecting and monitoring the negative effects of aging on components, as 
well as appropriate actions that may be taken to address these issues. 
NRC staff agreed to implement both of these recommendations along 
with five of the OIG’s other recommendations and took steps to 
implement them.16


                                                                                                                     
15OIG-07-A-15. 


 In 2010, the OIG determined that NRC had adequately 
addressed each recommendation it had agreed to implement. We 
reviewed NRC reports for license renewal applications that were audited 
and approved for license renewal after the agency put revised guidance 
into effect in 2009 to address the OIG’s recommendation on standardizing 


16The OIG’s eighth recommendation was directed to the NRC Commissioners. According 
to NRC documents, the OIG closed this recommendation in 2008.  
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the depth and conduct of plant-specific operating experience reviews.17 
We determined the NRC reports documented that agency staff generally 
followed the revised guidance during on-site audits for those license 
renewal applications.18


 


 


The scope of NRC’s license renewal process focuses on managing the 
negative effects of aging on the reactor and its associated systems, 
structures, and components, as well as assessing the potential 
environmental impacts of extending a reactor’s operating-life. This scope 
is reflected in the two reviews that comprise NRC’s license renewal 
process. NRC evaluates license renewal applications through two parallel 
staff reviews—one focused on safety issues and one focused on the 
potential environmental impacts of extending a reactor’s operating life.19 
NRC has focused the license renewal safety review primarily on whether 
the applicant has proposed programs that will adequately manage the 
negative effects of aging on certain nonmoving, long-lived parts, such as 
piping, structural supports, and cables.20


                                                                                                                     
17Specifically, we assessed whether NRC audit and safety evaluation reports documented 
that agency staff followed NRC’s revised guidance during onsite license renewal audits to 
(1) independently search applicant records for potential operating experience issues, (2) 
examine the results of this search to find issues concerning aging degradation, and (3) 
determine whether the applicant appropriately considered these issues in its license 
renewal application. We reviewed NRC reports for the seven license renewal applications 
that were audited and approved for license renewal after NRC put its revised guidance 
into effect in April 2009: Columbia Generating Station, Cooper Nuclear Station, Duane 
Arnold Energy Center, Hope Creek Generating Station, Kewaunee Power Station, Palo 
Verde Nuclear Generating Station, and Salem Nuclear Generation Station.  


 NRC includes three categories 


18We did not evaluate the adequacy or the substance of NRC staff reviews or the quality 
of the agency’s procedures. 
19NRC requirements for license renewal, including requirements related to safety, are 
codified in 10 C.F.R. pt. 54. NRC first promulgated these requirements in 1991. Based on 
lessons learned from a demonstration program, NRC amended the requirements in 1995. 
In particular, the agency clarified the requirements to focus on managing the negative 
effects of aging. NRC environmental review procedures, applicable to license renewal 
among other things, are codified in 10 C.F.R. pt. 51, along with the agency’s regulations 
for implementing the National Environmental Policy Act. NRC amended these regulations 
in 1996 to establish requirements specific to the license renewal stage, including the 
agency’s findings on the potential environmental impacts of license renewal. 
20Nonmoving parts are passive structures and components that perform their intended 
functions without moving parts or without a change in configuration or properties, such as 
piping, structural supports, and cables. Long-lived parts are those structures and 
components that are not subject to replacement based on a qualified life or specified time 
period, as set forth in 10 C.F.R. § 54.21 (a)(1)(ii).  


Scope of NRC’s 
License Renewal 
Process Focuses on 
Managing Aging and 
Assessing Potential 
Environmental 
Impacts 
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of systems, structures, and components within the scope of the license 
renewal process: (1) those that are safety-related; (2) those that are not 
safety-related, but whose failure could affect safety-related functions; and 
(3) those that are relied on in safety analyses or plant evaluations to 
perform a function that demonstrates compliance with specific NRC 
regulations. Similarly, NRC has focused its license renewal environmental 
review on assessing a defined set of potential environmental impacts of 
license renewal. Specifically, a number of issues are evaluated 
generically for all reactors, rather than separately in each reactor’s 
application. Other issues are evaluated through site-specific reviews of 
the environmental impacts of license renewal and, according to NRC 
documents, follow the agency’s National Environmental Policy Act 
regulations.21


Because license renewal reviews are not as broad as the reviews NRC 
conducts during a reactor’s initial licensing, a number of topics, such as 
security and emergency planning, are not considered during the license 
renewal process.


 


22 According to NRC documents, the scope of the 
license renewal process is based on two key principles: (1) that the 
agency’s ongoing regulatory processes are adequate to ensure that all 
currently operating reactors are operated safely within their licensing 
bases now and will continue to be in the future, with the possible 
exception of the negative effects of aging on certain passive, long-lived 
components; and (2) that, in addition to requirements for aging 
management, the manner in which these reactors are currently 
maintained will be similarly maintained beyond the original 40-year 
operating period. As a result, according to agency documents, NRC has 
determined that it does not need to evaluate license renewal applications 
against the full range of safety requirements considered during a reactor’s 
initial licensing. Instead, it can focus its review on how the negative 
effects of aging on certain components will be managed in the years after 
a reactor’s original 40-year operating period.23


                                                                                                                     
2110 C.F.R. pt. 51 (2013).  


 For example, risks of 


22According to NRC officials, safety-related concerns that fall outside the scope of the 
license renewal process are to be addressed under other NRC regulations, which apply 
on an ongoing basis, including during the license renewal period.  
23NRC, Foundation for the Adequacy of the Licensing Bases: A Supplement to the 
Statement of Considerations for the Rule on Nuclear Power Plant License Renewal (10 
C.F.R. Part 54), NUREG-1412 (Washington, D.C.: 1991). 
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seismic events such as earthquakes are not explicitly covered in the 
license renewal safety review because NRC considers these to be 
ongoing safety matters that are addressed at all reactors. According to 
NRC documents, if new seismic information was identified, NRC would 
act on that information through its ongoing regulatory processes, 
regardless of whether a reactor had received a renewed operating license 
or not. For example, after it was determined that the potential risk posed 
by earthquake hazards for some nuclear power reactors in the central 
and eastern United States might be larger than previously estimated, 
NRC initiated a program to examine the implications of the new seismic 
hazard estimates for reactors operating in those regions of the country.24


 


 


NRC has regularly updated its safety review guidance for the license 
renewal process by formally revising key documents on a periodic basis 
and by issuing interim staff guidance on selected safety issues between 
revisions, but it has not revised most of the environmental review 
regulations and guidance since their original issuance. In 2001, the 
agency issued its original safety review guidance, including a standard 
review plan for each element of the safety review25 and a technical report 
that documents the staff’s generic evaluation of aging management 
programs and provides the technical basis for determining whether 
applicant programs are adequate for the extended period of operation 
authorized by a renewed license.26


                                                                                                                     
24NRC, Implications of Updated Probabilistic Seismic Hazard Estimates in Central and 
Eastern United States, Generic Issue 199 (Washington, D.C.: June 9, 2005). 


 NRC has revised these guidance 
documents twice—in 2005 and 2010—to reflect lessons learned during 
previous license renewal reviews and new operating experience 
information. Additionally, NRC has issued interim updates to its safety 


25NRC, Standard Review Plan for Review of License Renewal Applications for Nuclear 
Power Plants, NUREG-1800 (Washington, D.C.: July 2001). 
26NRC, Generic Aging Lessons Learned (GALL) Report, NUREG-1801 (Washington, 
D.C.: July 2001).  


NRC Has Regularly 
Updated Its Safety 
Review Guidance but 
Has Not Revised Most 
of Its Environmental 
Review Guidance 
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review guidance for selected safety issues between formal revisions.27 
For example, since the last revision of the safety review guidance in 
2010, NRC has issued four final interim guidance documents that have 
updated the agency’s guidance on such topics as an acceptable 
approach for managing the negative effects of aging on buried and 
underground piping and tanks.28


In contrast, NRC has not revised most of the environmental review 
regulations and guidance for the license renewal process since those 
documents were first issued starting 17 years ago.


 Interim guidance updates are then 
integrated into the safety review guidance during the next formal revision. 
According to NRC officials, the agency does not wait for guidance 
updates to be finalized to address new issues; NRC staff are expected to 
address such issues as they are identified for applications currently under 
review and future applications, typically through requests for additional 
information. 


29


                                                                                                                     
27NRC’s license renewal interim staff guidance process allows agency staff, industry, and 
stakeholders to propose changes to certain license renewal guidance documents. 
According to NRC documents, the process is meant to capture and communicate new 
insights, lessons learned, and emergent issues with each renewed license. NRC staff are 
expected to evaluate proposed guidance changes, develop draft interim staff guidance, 
issue the draft interim staff guidance for public comment, evaluate any comments 
received, and, if necessary, issue final interim staff guidance. Once approved, the final 
interim staff guidance supersedes prior guidance and is incorporated by NRC staff into a 
formal license renewal guidance document revision. NRC expects agency staff to follow 
the new guidance when reviewing license renewal applications and expects current and 
future applicants to address the new guidance in the license renewal process. Reactor 
owners with previously-renewed licenses may voluntarily use interim staff guidance. The 
interim staff guidance process applies to both the license renewal safety review guidance 
and portions of the environmental review guidance.  


 In 1996, in 
anticipation of the first license renewal applications, NRC published a 
generic environmental impact statement that examined the potential 


28According to NRC officials, almost all interim guidance issued for the license renewal 
process has been updates to the safety review guidance and not the environmental review 
guidance because new information develops at a faster rate for safety issues than for 
environmental issues. In addition, NRC officials told us they believe the agency’s license 
renewal environmental review is a continuous learning process that uses staff evaluations 
of applicant-provided information, information in agency guidance, and the staff’s 
independent review to probe more deeply into environmental issues. In the officials’ view, 
this process results in continuous improvement in license renewal environmental reviews 
such that the use of interim staff guidance for environmental issues would be redundant.  
29NRC amended its environmental review regulations and guidance in 1999, expanding 
the agency’s generic findings about the environmental impacts resulting from the 
transportation of fuel and waste to and from a single nuclear power plant.  
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environmental impacts of renewing reactor operating licenses.30 In the 
generic environmental impact statement, NRC identified the 92 potential 
environmental issues it considered relevant to license renewal. The 
agency analyzed those potential issues and determined which ones it 
believed could be treated generically in applicant environmental reports 
and NRC environmental reviews and which ones would require additional 
site-specific analysis by both applicants and NRC.31 Later that same year, 
NRC promulgated regulations that incorporated the findings from its 
generic environmental impact statement and defined the number and 
scope of environmental issues that applicants and NRC would have to 
address during license renewal reviews.32


                                                                                                                     
30NRC, Generic Environmental Impact Statement for License Renewal of Nuclear Plants: 
Main Report, NUREG-1437, Volume 1 (Washington, D.C.: May 1996). The generic 
environmental impact statement is the technical basis for the environmental issues and 
findings codified in Appendix B to Subpart A of 10 C.F.R. pt. 51. NRC’s license renewal 
interim staff guidance process does not apply to NRC’s generic environmental impact 
statement findings incorporated into the regulation, as regulations can only be changed 
through the federal rulemaking process. 


 Based on these 1996 


31Of the 92 potential environmental issues that NRC identified as relevant to license 
renewal, the agency determined that 69 issues could be treated generically in applicant 
environmental reports and NRC environmental reviews without additional site-specific 
analysis unless agency staff found new and significant information on those issues as part 
of license renewal reviews. NRC categorized potential environmental issues as generic, or 
category 1, issues if the agency found the issues met three criteria: (1) the environmental 
impacts associated with the issue applied to either all reactors or, for some issues, to 
reactors having a specific type of cooling system or other specified reactor or site 
characteristics; (2) a single significance level (small, moderate, or large) had been 
assigned to the impacts, except for collective off-site radiological impacts from the fuel 
cycle and from high-level waste and spent fuel disposal; and (3) NRC analyzed the 
mitigation of the adverse impacts associated with the issue and determined that additional 
site-specific mitigation measures were unlikely to be sufficiently beneficial to warrant 
implementation. NRC further provided that the generic analysis of the issue may be 
adopted in a site-specific review and associated supplemental environmental impact 
statement, such that NRC could elect to conduct a site-specific review of the issue if 
warranted. NRC determined that the remaining 23 potential environmental issues relevant 
to license renewal did not meet all three criteria and would require additional site-specific 
analysis. The agency categorized 21 of these potential environmental issues as category 
2 issues and left the remaining two issues—environmental justice and chronic effects of 
electromagnetic fields—uncategorized. 
32NRC, Environmental Review for Renewal of Nuclear Power Plant Operating Licenses, 
61 Fed. Reg. 28,467 (June 5, 1996), codified at 10 C.F.R. pt. 51, subpt. A, app. B. 
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documents,33 in 1999, NRC issued a standard review plan for agency 
staff to use in conducting environmental reviews34 and, in 2000, a guide 
for applicants outlining the information to include in their license renewal 
environmental reports.35


In its 1996 regulations, NRC established the goal of reviewing its generic 
environmental impact statement findings every 10 years and updating its 
environmental review regulations and guidance, if necessary.


 


36 NRC 
further stated in an explanatory statement published with the regulations 
that it intended to begin reviews about 7 years after the latest version of 
the regulations was issued.37 Consistent with this intent, in 2003, NRC 
initiated the process to update its generic environmental impact report, 
the first step to determine if revisions would be needed to the license 
renewal environmental review regulations and guidance.38


                                                                                                                     
33NRC promulgated amendments to the regulations in 1996 (clarifying changes and 
corrections),1997 (minor corrections), 1999 (expanding the generic findings about the 
environmental impacts due to transportation of fuel and waste to and from a single nuclear 
power plant), and 2001 (minor correction). 


 However, 
according to NRC documents, after soliciting public comments on the 
rulemaking, the agency put the revision process on hold for 2 years due 
to limited staff resources and competing demands on those resources. 
Specifically, NRC officials told us the agency postponed the revision 
process because it decided that completing the large number of licensing 
actions under consideration at that time—including 16 license renewal 
reviews—was a higher priority than updating the license renewal 


34NRC, Standard Review Plan for Environmental Reviews for Nuclear Power Plants–
Supplement 1: Operating License Renewal, NUREG-1555, Supplement 1 (Washington, 
D.C.: October 1999). 
35NRC, Preparation of Supplemental Environmental Reports for Applications to Renew 
Nuclear Power Plant Operating Licenses, Supplement 1 to Regulatory Guide 4.2 
(Washington, D.C.: September 2000). 
3661 Fed. Reg. at 28,468. 
3761 Fed. Reg. at 28,468. 
38NRC, Notice of Intent To Prepare an Environmental Impact Statement for the License 
Renewal of Nuclear Power Plants and To Conduct Scoping Process, 68 Fed. Reg. 33,209 
(June 3, 2003).  
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environmental review regulations.39 NRC restarted the revision process in 
2005.40


Four years later, in 2009, the agency published proposed revisions for its 
license renewal environmental review regulations.


 


41 According to NRC 
officials, it took the agency 4 years to prepare the proposed revisions due 
to the unusually large number of technical issues that needed review as 
part of the rulemaking process, the large number of industry and public 
comments, the number of guidance documents that needed to be 
updated, and competing demands on staff resources from additional 
license renewal reviews. From 2010 to 2012, after re-evaluation based on 
public comment and other factors, NRC staff made further changes to the 
language in the proposed regulations and made related changes to its 
environmental review guidance. In April 2012, NRC staff submitted 
proposed revisions in a rulemaking package to the NRC Commissioners 
for approval.42


The April 2012 proposed revisions would redefine the number and scope 
of environmental issues the agency must address during its 
environmental reviews based on lessons learned and knowledge gained 


 


                                                                                                                     
39According to NRC officials, license renewal reviews were priority work because of the 
importance of maintaining a stable and predictable regulatory process for reactor owners 
seeking timely review and processing of their license renewal applications. 
40NRC, Notice of Extension of the Public Comment Period for Scoping Process To 
Prepare an Environmental Impact Statement for the License Renewal of Nuclear Power 
Plants, 70 Fed. Reg. 57,628 (Oct. 3, 2005). 
41NRC, Proposed Rule, Revisions to Environmental Review for Renewal of Nuclear Power 
Plant Operating Licenses, 74 Fed. Reg. 38,117 (July 31, 2009). Concurrent with 
publication of the proposed rule revisions, NRC published for comment the draft revised 
generic environmental impact statement and proposed revisions to associated guidance 
(Regulatory Guide 4.2, Supplement 1, Preparation of Environmental Reports for Nuclear 
Power Plant License Renewal Applications, and Environmental Standard Review Plan, 
Standard Review Plans for Environmental Reviews for Nuclear Power Plants, Supplement 
1: Operating License Renewal). 
42Also, in conjunction with a January 2012 briefing to the NRC Commissioners, NRC staff 
publicly released a “preliminary draft final” revision to the environmental review regulations 
pertaining to license renewals but did not accept public comment. 
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from previous license renewal reviews.43


• consolidate related environmental issues that were considered 
separately in the 1996 environmental review regulations and 
guidance; 


 Among other things, the 
revisions would 


• add several new environmental issues that would be treated 
generically in applicant environmental reports and NRC environmental 
reviews, such as the effects of dredging on water quality and the 
exposure of aquatic and terrestrial organisms to radionuclides; and 


• add two new environmental issues that would require site-specific 
analysis—(1) the potential impact on groundwater quality from the 
inadvertent discharge of radionuclides into groundwater from reactor 
systems, piping, and tanks and (2) the cumulative impacts of 
continued reactor operations during a reactor’s extended operating-
life. 


In addition, according to NRC documents, the agency has committed to 
developing site-specific analyses for each license renewal review of the 
potential cumulative impacts of greenhouse gas emissions and global 
climate change during a reactor’s extended operating-life.44


In December 2012, the NRC Commissioners approved the rule revisions 
but directed agency staff to make additional changes, including removing 


 


                                                                                                                     
43Based on the April 2012 proposed rule revision, NRC would not eliminate any of the 92 
environmental issues established in the 1996 environmental review regulations and 
guidance but would consolidate and group some issues together based on similarities. As 
a result, the revisions would address 78 environmental issues, 60 of which would be 
treated generically in applicant environmental reports and NRC environmental reviews, 17 
of which would require site-specific analysis, and 1 which would remain uncategorized and 
not require site-specific analysis.  
44According to an NRC document, starting in 2008, NRC began to evaluate the effects of 
greenhouse gas emissions and its implications for global climate change in its site-specific 
environmental reviews for license renewal applications. In 2009, the NRC Commissioners 
directed agency staff to consider carbon dioxide and other greenhouse gas emissions in 
their environmental reviews for licensing actions. NRC included an analysis of greenhouse 
gas impacts in the final revised generic environmental impact statement but did not 
include this issue in its April 2012 revisions to the regulations. NRC will not require license 
renewal applicants to provide information pertaining to greenhouse gas emissions and 
climate change in their environmental reports, according to a NRC document, except as 
needed in cumulative impact assessments. However, NRC staff will be directed to develop 
a site-specific analysis for each license renewal review of the impacts caused by 
greenhouse gas emissions and climate change related to extending a reactor’s operating-
life. 
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references to the NRC Waste Confidence Decision Update and Rule. The 
Waste Confidence Decision Update and Rule considers the storage of 
spent fuel after a reactor ceases operation, and it was vacated by the 
U.S. Court of Appeals in June 2012. According to NRC officials, as of 
March 2013, agency staff were making these changes and planned to 
submit a final package of revisions to the NRC Commissioners and then 
to the Federal Register in May 2013.45


While the agency’s environmental reviews continue to follow regulations 
issued mostly in 1996 and guidance issued based on those regulations, 
NRC staff are expected to apply and document the lessons learned and 
knowledge gained from previous license renewal environmental reviews 
as part of the agency’s ongoing environmental reviews, according to NRC 
officials.


 Until the rule revisions are 
finalized, however, the original versions of NRC’s license renewal 
environmental review regulations and guidance in large part remain in 
effect. 


46


                                                                                                                     
45Per the April 2012 rule revisions as approved by the NRC Commissioners, the finalized 
regulations would go into effect 30 days after they are published in the Federal Register, 
and license renewal applicants who submit license renewal applications a year or more 
after the publication date would be required to comply with the updated regulations. 


 NRC requires reactor owners to include in their applications 
any new and significant information of which the owner is aware 
concerning the potential environmental impacts of renewing their license. 
In addition, NRC procedures direct agency staff to look for new and 
significant information about environmental issues and to consider this 


46According to NRC officials, this includes agency staff addressing and documenting new 
issues, as appropriate, through NRC’s environmental reviews and corresponding requests 
for additional information, whether or not the issues have been incorporated into the 
license renewal environmental review regulations and guidance. 
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information in reviewing license renewal applications.47 According to NRC 
documents, the agency considers information to be new and significant if 
(1) it involves a significant environmental issue that was not covered in 
the agency’s generic environmental impact statement or (2) the 
information was not considered in that document’s analysis and it leads to 
an impact finding that is different from the finding in the generic 
environmental impact statement.48 As of March 2013, according to NRC 
officials, the agency has never identified information during its license 
renewal environmental reviews that it considers both new and significant 
using this definition.49 During our review of NRC review records for 
selected license renewal applications, we confirmed that NRC’s final 
supplemental environmental impact statements documented actions 
agency staff had taken to consider whether, according to NRC’s 
definition, there was new and significant information on environmental 
issues.50


                                                                                                                     
47According to NRC guidance, agency staff are expected to determine if there is new 
information on environmental issues as part of each license renewal environmental 
review. If the staff’s search identifies new information on an environmental issue, then 
they are expected to evaluate the information to determine if it is also “significant” under 
NRC’s definition. If agency staff deem the new information to be significant, then 
additional steps are required to evaluate the information. If agency staff deem the new 
information to not be significant, then they do not analyze the information further in the 
supplemental environmental impact statement associated with the license renewal 
application under review. In this situation, NRC staff are expected to include a section in 
the supplemental environmental impact statement that (1) describes the search for new 
information on the specific environmental issue, (2) summarizes any new information the 
staff identified, (3) presents the staff’s evaluation of the significance of the information, and 
(4) adopts the conclusions in NRC’s generic environmental impact statement for that 
issue. 


 The final reports we reviewed indicated that agency staff had 
considered whether new information existed but determined that none of 


48NRC designates the significance of potential environmental impacts as small, moderate, 
or large. The agency designates the significance of a potential environmental impact as 
small if its environmental effects are not detectable or are so minor that they will neither 
destabilize nor noticeably alter any important attribute of the resource. NRC designates 
the significance of a potential environmental impact as moderate if its environmental 
effects are sufficient to alter noticeably, but not to destabilize, important attributes of the 
resource. The agency designates the significance of a potential environmental impact as 
large if its environmental effects are clearly noticeable and are sufficient to destabilize 
important attributes of the resource.  
49According to NRC officials, agency staff have identified some information they 
considered “new” but not “significant,” such as the issue of radionuclides in groundwater.  
50We did not evaluate the adequacy or the substance of NRC staff actions. 
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the information they considered was both new and significant under 
NRC’s definition. 


According to NRC’s principles of good regulation, regulations should be 
based on the best available knowledge from research and operational 
experience, and the agency’s strategic plan states that regulatory 
guidance should be kept up-to-date. Because NRC has not finalized the 
updates to its license renewal environmental review regulations and 
guidance, however, the agency’s environmental reviews for the 73 license 
renewals approved to date were made under the regulations originally 
issued in 1996, as amended and supplemented in 1999, and guidance 
issued based on those regulations. NRC officials told us that agency staff 
are to consider and document new information on environmental issues 
as part of each license renewal environmental review. However, the 
agency’s use of regulations originally issued in 1996 and guidance based 
on those regulations has created the impression, among some, that NRC 
is relying on outdated environmental information. For example, several 
representatives of public interest groups told us they believe NRC’s delay 
in revising its environmental review regulations and guidance means the 
agency is using outdated information in its license renewal reviews. In 
addition, according to NRC’s principles of good regulation, regulations, 
once established, should be perceived to be reliable. The prolonged 
presence of draft revisions to NRC’s environmental review regulations 
and guidance alongside current regulations and guidance can create 
uncertainty for license renewal applicants. For example, some industry 
representatives we interviewed said NRC’s delay in finalizing the 
revisions after proposed revisions were published in 2009 had created 
some uncertainty about what information reactor owners would have to 
provide and which version of the guidance they would be held to by NRC 
staff during their environmental review. 
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NRC generally followed its documented procedures when reviewing 
selected safety and environmental elements in the eight license renewal 
applications we reviewed.51 Specifically, we reviewed whether NRC 
reports documented that agency staff had followed NRC’s procedures; we 
did not evaluate the adequacy or the substance of NRC’s reviews or the 
quality of its procedures. We found that NRC’s reviews of the following 
safety elements were generally consistent with the agency’s documented 
procedures: (1) scoping and screening, which identifies the systems, 
structures, and components that fall within the scope of the license 
renewal process; (2) aging management for buried piping and tanks; and 
(3) aging management for fire protection. We also found that NRC 
generally followed its documented procedures when conducting its 
reviews of the following environmental elements: (1) assessing whether 
there was new and significant information for two generic environmental 
issues; (2) evaluating applicants’ assessments of the potential 
environmental impacts of two site-specific issues; and (3) evaluating 
applicants’ severe accident mitigation alternatives analyses.52


 


 


NRC generally followed its documented procedures when reviewing 
selected safety elements in the eight license renewal applications we 
reviewed. We did not evaluate the adequacy or the substance of NRC’s 
reviews or the quality of its procedures. As part of our review, we 
examined three elements of the scoping and screening review—an 
evaluation of an applicant’s methodology and results for identifying the 
set of structures and components that are within the scope of license 
renewal and subject to aging management review—and determined that 


                                                                                                                     
51We reviewed a nonprobability sample of eight license renewal applications, the results 
of which are not representative of the entirety of NRC’s reviews. Thus, our results are not 
generalizable to all license renewal reviews but provide examples of safety and 
environmental review elements that NRC reviewed as part of its license renewal process 
for these applications. See appendix III for additional information regarding the 
characteristics of the nuclear power reactors included in our review. 
52To facilitate its environmental reviews, NRC regulations establish its findings on 
environmental issues for license renewal. See 10 C.F.R. pt. 51, subpt. A, app. B. A subset 
of these issues are labeled “category 1” and have been determined (1) to apply to either 
all reactors or those reactors having similar characteristics; (2) have a specific significance 
level of impact on the environment; and (3) do not warrant the implementation of site-
specific efforts to mitigate any potentially adverse impacts. If no new and significant 
information is identified for these category 1 issues, then they are not required to be 
evaluated on a site-specific basis as part of the license renewal process. 
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NRC staff generally followed the agency’s documented procedures for 
reviewing these elements: 


• Scoping and screening methodology: According to NRC’s 
documented procedures,53


• Plant-level scoping results: According to the procedures,


 NRC staff are expected to review, among 
other things, the applicant’s scoping and screening methodology to 
determine whether it is sufficiently comprehensive to identify the 
systems, structures, and components that are within the scope of 
license renewal and the structures and components requiring an 
aging management review. We found that NRC staff consistently 
followed the agency’s documented procedures for reviewing the 
scoping and screening methodology sections for each of the eight 
license renewal applications we reviewed. 


54


• Scoping and screening inspection: As part of the license renewal 
process, NRC inspectors are expected to conduct a scoping and 
screening inspection, through on-site reviews and walk-downs of 
selected areas, to verify that the applicant has adequately identified 
and documented all the systems, structures, and components as 
required. Further, the NRC inspectors are to verify that there is 
reasonable assurance that the applicant has adequately documented 
all the identified passive and long-lived systems, structures, and 
components requiring an aging management review. According to our 
review, NRC staff consistently followed the agency’s documented 


 NRC staff 
are expected to also verify the applicant’s scoping results to 
determine if the applicant properly identified the systems, structures, 
and components that fall within the scope of license renewal. To do 
so, NRC staff review selected systems, structures, and components 
that the applicant did not identify in the scoping results to verify that 
those systems, structures, and components do not have any functions 
covered under the license renewal requirements. We found that NRC 
staff consistently followed the agency’s documented procedures for 
reviewing the plant-level scoping results sections for each of the eight 
license renewal applications we reviewed. 


                                                                                                                     
53NRC, Standard Review Plan for Review of License Renewal Applications for Nuclear 
Power Plants, NUREG-1800, Initial Report (Washington, D.C.: July 2001), 2.1-1 and NRC, 
Standard Review Plan for Review of License Renewal Applications for Nuclear Power 
Plants, NUREG-1800, Revision 1 (Washington, D.C.: September 2005), 2.1-1. 
54NUREG-1800, Initial Report (2001), 2.2-1 and NUREG-1800, Revision 1 (2005), 2.2-1.  







 
  
 
 
 


Page 23 GAO-13-493  NRC’s License Renewal Process 


procedures55 for the scoping and screening inspections for three of 
the eight license renewal applications included in our sample. 
However, we found that NRC staff reviews were partially consistent in 
following the agency’s documented procedures for the five remaining 
license renewal reviews. Specifically, we did not identify explicit 
references in NRC inspection reports or final safety reports that 
documented that agency staff had followed a procedure to include 
certain components in their inspection sample while conducting their 
scoping and screening inspection reviews for Columbia, Millstone Unit 
3, Pilgrim, Shearon Harris, and Wolf Creek. According to NRC 
officials, agency staff did not explicitly state in their reports that they 
had included the specific components in their inspection sample, but 
that those components were part of the staff’s inspections.56


We also examined the consistency of NRC’s reviews with the agency’s 
documented procedures for another safety element of the license renewal 
process: aging management program inspections. Per agency guidance, 
NRC staff are expected to conduct aging management inspections during 
the license renewal review to verify that the systems, structures, and 
components the applicant has identified as being subject to an aging 
management review already have, or will have, aging management 
programs. During the inspections, NRC staff also are to verify that the 
current and planned aging management programs will ensure that the 
negative effects of aging will be managed so that there is reasonable 
assurance that the intended functions of the systems, structures, and 
components will be maintained as the reactor continues to operate 
beyond its original operating license. According to our review, the aging 
management program inspections for Columbia and Monticello were 


 


                                                                                                                     
55NRC, License Renewal Inspection, Inspection Procedure 71002 (Washington, D.C.: 
September 2000), 3 and NRC, License Renewal Inspection, Inspection Procedure 71002, 
Revision 1 (Washington, D.C.: February 2005), 2.  
56In response to our review, NRC officials told us they have begun an evaluation of 
whether specific guidance is needed to provide additional clarity for agency staff in 
documenting license renewal inspections. Specifically, agency officials said our review 
results indicate that license renewal inspection reports may not contain a level of 
documentation that is descriptive and explicit enough for a reader to understand what 
inspection objectives were completed. NRC officials stated that, as a first step, they have 
performed an assessment of the agency’s guidance for documenting inspection results. 
Next, NRC officials plan to review prior license renewal inspection reports to determine if 
those reports provide at least the same level of documentation provided by other types of 
NRC inspection reports. Agency officials estimated they would complete this evaluation by 
the end of 2013. 
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consistent with agency procedures.57 However, we found that the NRC 
reviews for the other six license renewal applications were partially 
consistent with the agency’s documented procedures. Specifically, we did 
not identify explicit references in the NRC inspection reports or final 
safety reports that documented that NRC staff had (1) consistently 
conducted interviews with site staff or (2) the opportunity to perform part 
of their walk-downs during a reactor outage while conducting their aging 
management reviews and program inspections for Duane Arnold, 
Millstone Unit 3, Pilgrim, Shearon Harris, Virgil C. Summer, and Wolf 
Creek.58 According to NRC officials, the reports did not explicitly state that 
interviews were conducted for all of the aging management reviews and 
program inspections, but that the agency staff interviewed the site staff in 
charge of each aging management program as part of their inspections. 
In addition, NRC officials said that it was not always possible to conduct a 
walk-down during unit outages for some of the reactors we reviewed. For 
example, NRC staff could not conduct walk-downs during unit outages for 
Duane Arnold, Shearon Harris, Millstone Unit 3, Pilgrim, and Virgil C. 
Summer because the schedules for the inspections and unit outages did 
not align. NRC officials stated that agency staff conducted the walk-
downs during the next scheduled unit outage for the Shearon Harris and 
Virgil C. Summer reactors and documented their review in a separate 
inspection report.59


                                                                                                                     
57Inspection Procedure 71002 (2000), 3 and Inspection Procedure 71002, Revision 1 
(2005), 2.   


 We reviewed the separate inspection reports for both 
Shearon Harris and Virgil C. Summer and confirmed that agency staff 
documented that they had conducted the walk-downs during the next unit 
outage. 


58According to NRC documents, NRC staff are not required to perform part of their walk-
downs during a unit outage. However, the documents state that NRC staff should, if 
possible, conduct a part of this inspection during a unit outage because this will allow for 
visual observation of certain components that are inaccessible during normal reactor 
operations, such as those components located inside containment or in high-radiation 
areas.  
59According to NRC officials, walkdowns similar to those performed at Shearon Harris and 
Virgil C. Summer were not conducted for Duane Arnold, Millstone (Unit 3), and Pilgrim. 
The officials stated that, per agency guidance, walkdowns during unit outages are optional 
for aging management program inspections and that NRC staff are expected to review 
areas not accessible during unit outages as part of other NRC inspections that are done 
outside of the license renewal process. 
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In addition, we examined the consistency of NRC reviews with the 
agency’s documented procedures for two aging management programs—
(1) buried piping and tanks inspection and (2) fire protection—and found 
that NRC’s documented actions for those reviews were generally 
consistent with the agency’s documented procedures. 


• Buried piping and tanks inspection program: The buried piping and 
tanks inspection program relies on preventive measures, frequency of 
pipe excavation, and operating experience to manage the effects of 
the loss of material that forms the pipes and tanks from various types 
of corrosion. In some circumstances, the loss of such material as a 
result of corrosion could lead to radioactive leaks. According to NRC 
documents, the effectiveness of the buried piping and tanks 
inspection program should be verified to evaluate an applicant’s 
inspection frequency and operating experience with buried 
components and ensure that the effects of any potential corrosion 
have not resulted in radioactive leaks from the buried piping or 
tanks.60 From our review, we found that, for seven of the eight license 
renewal applications included in our sample, NRC consistently 
followed the agency’s documented procedures61


                                                                                                                     
60The buried piping and tanks inspection program for the reactors included in our 
nonprobability sample were reviewed by NRC staff using either the 2001 or 2005 versions 
of NRC’s Generic Aging Lessons Learned Report. In December 2010, NRC issued its 
revised Generic Aging Lessons Learned Report, which included updates to the buried 
piping and tanks inspection program. The program is now referred to as the buried and 
underground piping and tanks program.  


 for reviewing an 
applicant’s buried piping and tanks inspection program. The NRC 
review for Millstone Unit 3 was partially consistent with documented 
agency procedures. Of the five steps outlined in NRC’s procedures for 
reviewing an applicant’s buried piping and tanks inspection program, 
agency staff explicitly stated in their audit reports and final safety 
reports that they had followed four of them. However, it was not clear 
whether agency staff consistently followed a fifth procedural step to 
review both plant-specific and industry-wide operating experience as 
part of their review. Specifically, we found references in NRC’s audit 
report and final safety report for the Millstone Unit 3 review that 
agency staff reviewed plant-specific operating experience, but agency 
staff did not explicitly state that they reviewed industry-wide operating 
experience to determine whether lessons learned identified at other 
reactors could be applied to Millstone’s efforts to manage the aging of 


61NUREG-1800, Initial Report (2001), 3.1.3 and NUREG-1800, Revision 1 (2005), 3.1.3.  
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buried piping and tanks. According to NRC officials, it is a standard 
practice for agency staff to review both plant-specific and industry-
wide operating experience. Further, those officials said that NRC 
staff’s audit review plan included plant-specific and industry-wide 
operating experience as areas expected to be reviewed by agency 
staff during the Millstone Unit 3 review. 


• Fire protection program: According to NRC safety review guidance, 
the fire protection program is intended to manage the effects of loss of 
material and cracking, increased hardness, shrinkage, and loss of 
strength on the intended functions for fire protection features and 
components, such as fire barrier penetration seals, fire barrier walls, 
and all fire-rated doors that perform a fire barrier function. NRC staff 
are to review the applicant’s fire protection program to determine 
whether the potential effects of aging are managed by periodic visual 
inspections performed during walk-downs, tests, and engineering 
evaluations to ensure that the capability of the fire protection systems 
will be maintained during the period of the reactor’s extended 
operation. We found that NRC reviews for seven of the eight license 
renewal applications in our sample consistently followed the agency’s 
documented procedures62


 


 for reviewing the applicant’s fire protection 
program. Our review found that the NRC review for Millstone Unit 3 
was partially consistent with agency procedures. Of the five steps 
outlined in NRC’s procedures for reviewing an applicant’s fire 
protection program, agency staff explicitly stated in NRC audit reports 
and final safety reports that they had followed four of them. As with 
the buried piping and tanks inspection program, however, it was not 
clear whether NRC staff consistently followed a fifth procedural step to 
review both plant-specific and industry-wide operating experience for 
the fire protection program as part of the Millstone Unit 3 review 
because agency staff did not explicitly state that they had done so. 
According to NRC officials, it is a standard practice to review both 
plant-specific and industry-wide operating experience. Further, the 
officials said that the NRC staff’s audit review plan included plant-
specific and industry-wide operating experience as areas expected to 
be reviewed by agency staff during the review of the fire protection 
program for Millstone Unit 3. 


                                                                                                                     
62NUREG-1800, Initial Report (2001), 3.1.3 and NUREG-1800, Revision 1 (2005), 3.1.3.  
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We found that NRC generally followed its documented procedures when 
reviewing selected environmental elements for the eight license renewal 
applications included in our sample. We did not evaluate the adequacy or 
the substance of NRC’s reviews or the quality of its procedures. As part of 
our review, we examined selected elements from: (1) NRC’s reviews of 
new and significant information for two generic issues; (2) NRC’s 
evaluation of applicants’ assessments of the potential environmental 
impacts for two site-specific issues; and (3) NRC’s evaluation of the 
applicants’ severe accident mitigation alternatives analyses. 


As part of our review of the consistency of NRC staff evaluations for new 
and significant information with the agency’s documented procedures, we 
examined NRC’s reviews for two generic environmental issues—cold 
shock and gas supersaturation. According to the agency’s 1996 
environmental regulations, reactor owners are to include in their license 
renewal applications any new and significant information they are aware 
of regarding the potential environmental impacts of license renewal. As 
discussed earlier in this report, NRC staff are also expected to look for 
and consider any new and significant information for both generic and 
site-specific environmental issues when conducting their reviews. For 
generic environmental issues, NRC procedures call for agency staff to, 
among other things, review the previous information and conclusions 
reached for each issue and then determine if there is any new 
environmental information that should be considered. If any new 
information is identified, NRC staff are expected to evaluate the 
information to determine whether it changes the agency’s prior 
conclusions about the significance level of the environmental issue. We 
reviewed whether NRC reports documented that agency staff had 
followed NRC’s procedures for evaluating new and significant information 
on cold shock and gas supersaturation. We found that the agency’s 
reviews for cold shock and gas supersaturation were generally consistent 
with the agency’s documented procedures. 


• Cold shock: Cold shock is a form of thermal stress caused by 
exposure to a sudden decrease of water temperature that adversely 
affects the metabolism and behavior of an aquatic organism and can 
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lead to its death.63 According to its generic environmental impact 
statement for license renewal, NRC has found that cold shock has 
been satisfactorily mitigated at operating nuclear reactors and is not 
expected to be a problem if the reactor operates for another 20 years 
beyond its original operating license. As the issue applies to all 
reactors, NRC has considered it a generic issue that will be evaluated 
further only if new and significant information is identified. We found 
that NRC staff reviews consistently followed the agency’s documented 
procedures64


• Gas supersaturation (gas bubble disease): Gas supersaturation 
occurs when concentrations of dissolved gases in water exceed the 
normal saturation limit. When gas supersaturation occurs, it can lead 
to a condition known as gas bubble disease, which can cause 
swelling and hemorrhaging in the tissues of aquatic organisms that 


 for seven of the eight license renewal applications 
included in our sample. We found that NRC’s review for the Wolf 
Creek application was partially consistent with the agency’s 
documented procedures. Of the five possible procedures to follow 
when conducting a review for new and significant information on cold 
shock, we found that NRC staff consistently followed one procedure, 
and because staff did not identify any new and significant information, 
three other procedures accordingly were not completed. We did not, 
however, see an explicit reference in the source documents we 
reviewed to NRC staff having followed a fifth procedure to search for 
new information related to regulations affecting cooling systems. 
According to NRC officials, agency staff are given flexibility, as 
prescribed by NRC’s environmental standard review plan, in 
conducting their searches for new information, and they also can 
leverage information from other sections of the environmental review 
and associated supplemental environmental impact statement, 
particularly issues related to how the continued operation of the 
reactor will affect land use, water quality, and water use. 


                                                                                                                     
63According to an NRC document, cold shock occurs when organisms that have been 
acclimated to warm water, such as in a nuclear power plant’s discharge canal in winter, 
are exposed to sudden temperature decreases when artificial heating ceases. Such 
situations could occur if a single-reactor plant suddenly shut down in winter or if winds or 
currents shifted a thermal plume occupied by aquatic organisms seeking warm water.  
64NUREG-1555, Supplement 1, 4.1-4. 
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can lead to behavioral abnormalities or death.65 According to NRC’s 
generic environmental impact statement for license renewal, the 
agency has found that gas supersaturation has been satisfactorily 
mitigated across reactors and is not expected to be a problem if a 
reactor operates for another 20 years beyond its original operating 
license. We found that NRC staff consistently followed the agency’s 
documented procedures for seven of the eight license renewal 
applications included in our sample. We found that NRC’s review for 
the Wolf Creek application was partially consistent with the agency’s 
documented procedures.66


As part of our review, we also examined the consistency of NRC staff 
actions with agency procedures for reviews of site-specific environmental 
issues, termed “category 2” issues. These environmental issues differ 
from the generic environmental issues identified by NRC because agency 
regulations preclude a generic determination of potential impacts. For 
these site-specific issues, the license renewal applicant must provide a 


 Of the five possible procedures to follow 
when conducting a review for new and significant information on gas 
supersaturation, we found that NRC staff consistently followed one 
procedure, and because they did not identify any new and significant 
information, accordingly, three other procedures were not completed. 
We did not, however, see an explicit reference in the source 
documents we reviewed to NRC staff having followed a fifth 
procedure to search for new information related to regulations 
affecting cooling systems. According to NRC officials, NRC staff are 
given flexibility, as prescribed by NRC’s environmental standard 
review plan, in conducting their searches for new information, and 
they also can leverage information from other sections of the 
environmental review and associated supplemental environmental 
impact statement, particularly issues related to how the continued 
operation of the reactor will affect land use, water quality, and water 
use. 


                                                                                                                     
65According to an NRC document, rapid heating of water in a nuclear power plant’s 
condenser cooling system decreases the solubility and increases saturation levels of 
dissolved gases. The supersaturation of nitrogen gas could lead to incidents of gas bubble 
disease in the discharge areas of nuclear power plants. Gas bubble disease is a condition 
that occurs when aquatic organisms are exposed to water with high partial pressures of 
certain gases (usually nitrogen) and then subsequently are exposed to water with lower 
partial pressures of the same gases. Dissolved gases (especially nitrogen) within the 
tissues of these organisms may come out of solution and form embolisms, or bubbles, 
within the affected tissues, most noticeably the eyes and fins. 
66NUREG-1555, Supplement 1, 4.1-4. 
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site-specific impact analysis in its environmental report and, per agency 
guidance, NRC staff are expected to perform and document their 
independent review of the issue in a supplemental environmental impact 
statement. Specifically, we examined whether NRC reports documented 
that agency staff had followed NRC’s procedures for two such site-
specific environmental issues: (1) threatened or endangered species and 
(2) off-site land use during operations. 


• Threatened or endangered species: As part of the license renewal 
process, NRC staff are expected to conduct an analysis that 
considers the impacts of a reactor’s continued operations on 
threatened or endangered species and also examines reasonable and 
prudent alternatives for avoiding or reducing potentially adverse 
impacts.67 NRC procedures call for agency staff to, among other 
things, review potential site-specific impacts of continued operations 
on threatened or endangered species and determine whether any 
potential environmental impacts may have adverse effects on those 
species or critical habitat. If any potential site-specific effects are 
identified, then NRC staff are expected to consult with relevant federal 
agencies and, if necessary, initiate a biological assessment to 
address how those species or critical habitat may be affected. We 
found that NRC reports documented that agency staff consistently 
followed NRC’s documented procedures68


• Off-site land use during operations: According to NRC regulations, 
significant changes in land use may be associated with population 
and tax revenue changes resulting from license renewal. Further, 
given that there are many site-specific variables related to how off-site 
land will be used if a reactor continues to operate beyond its original 
operating license, NRC staff are expected to examine this issue on a 
site-by-site basis to determine whether any potential environmental 
impacts may occur. NRC procedures call for agency staff to, among 


 for evaluating the potential 
environmental impacts of continued operations on threatened or 
endangered species for each of the eight license renewal applications 
we reviewed. 


                                                                                                                     
67Under the Endangered Species Act of 1973, as amended, all federal agencies must, 
among other things, utilize their authorities to carry out programs for the conservation of 
threatened and endangered species, including those cases where proposed federal 
actions may affect threatened or endangered species. In each license renewal 
environmental review, NRC officials stated that the agency consults with the U.S. Fish and 
Wildlife Service and/or the National Marine Fisheries Service. 
68NUREG-1555, Supplement 1, 4.6.1-6. 
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other things, obtain site-specific information to determine the potential 
scope of off-site land use impacts and evaluate whether those 
impacts may be large enough to require further analysis. If agency 
staff find that the effects of the potential impacts may be more than 
minor, then they are expected to consider and evaluate potential 
mitigation measures or alternatives that might reduce or eliminate the 
potentially adverse impacts. We found that NRC reports documented 
that agency staff consistently followed NRC’s documented 
procedures69


We also examined the consistency of NRC staff reviews of the applicants’ 
severe accident mitigation alternatives analyses with the agency’s 
documented procedures. NRC regulations state that alternatives to 
mitigate severe accidents must be considered for all reactors that have 
not previously considered such alternatives.


 for evaluating the potential environmental impacts of off-
site land use during continued operations for each of the eight license 
renewal applications we reviewed. 


70 Severe accident mitigation 
alternatives are considered site-specific and thereby require that the 
applicant conduct a site-specific evaluation that will be reviewed by NRC 
staff during the license renewal process. The severe accident mitigation 
alternatives analyses performed in support of license renewal applications 
typically focus on areas of greatest risk and on measures that could 
provide the greatest risk reduction in a cost-beneficial fashion. NRC 
procedures call for agency staff to, among other things, evaluate the 
potential mitigation alternatives identified by the applicant. Moreover, 
NRC officials told us that agency staff are expected to determine whether 
any of the alternatives have been identified as being within the scope of 
license renewal by being both cost-beneficial and related to aging 
management. We reviewed the steps NRC staff documented taking to 
conduct their evaluation of applicants’ severe accident mitigation 
alternatives analyses and found that NRC staff consistently followed the 
agency’s documented procedures71


 


 for each of the eight license renewal 
applications included in our sample. 


                                                                                                                     
69NUREG-1555, Supplement 1, 4.4.3-3.  
7010 C.F.R. § 51.53(c)(3)(ii)(L) (2013).  
71NUREG-1555, Supplement 1, 5.1.1-6.  
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The 15 stakeholders we interviewed who were knowledgeable on NRC’s 
license renewal process provided their views on various perceived 
strengths and weaknesses of the process, with some suggesting potential 
improvements to the process. Stakeholders most often identified the 
technical knowledge of NRC staff and the thoroughness of the agency’s 
reviews as perceived strengths of the license renewal process. 
Stakeholders also identified a range of perceived weaknesses of the 
license renewal process, including claims that its scope is too narrow and 
that its public hearing process is flawed and inhibits meaningful public 
participation. Some stakeholders we interviewed suggested potential 
changes to improve the license renewal process, including broadening 
the scope of NRC’s reviews and modifying aspects of the public hearing 
process. 


 
The 15 stakeholders we interviewed identified a number of perceived 
strengths of NRC’s license renewal process. Overall, all eight industry 
and ACRS stakeholders and one state government stakeholder said the 
license renewal process is generally effective at accomplishing its safety 
and environmental goals, and all but one of those same stakeholders plus 
one public interest group stakeholder said the scope of the process is 
sufficient.72 More specifically, among the 15 stakeholders we interviewed, 
four strengths were identified by three or more stakeholders as follows:73


• First, more than half of the stakeholders we interviewed (9 of 15) 
identified the technical knowledge of NRC’s staff as a strength of the 
license renewal process. Several of these stakeholders said that NRC 
staff is knowledgeable and experienced in the issues they review and 
that this leads to a more efficient review process. 


 


• Second, about half of the stakeholders (7 of 15) identified as a 
strength what they said was the thoroughness of the process that 
NRC uses to review license renewal applications. A few of these 
stakeholders highlighted the number of different reviews performed by 
agency staff, including on-site audits and inspections, and the external 
review performed by ACRS. One stakeholder stated that NRC 


                                                                                                                     
72One industry stakeholder who said the license renewal process is generally effective at 
accomplishing its safety and environmental goals said that the scope of the license 
renewal process is too broad. 
73Three stakeholders we interviewed said NRC’s license renewal process has no 
significant strengths. 
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requires applicants to make changes to their applications and 
proposed license renewal programs—in their view, it is not a “rubber 
stamp” process. 


• Third, about a third of the stakeholders (6 of 15) pointed to the quality 
of NRC’s license renewal guidance as another strength of the 
agency’s process. A few of these stakeholders said that because 
NRC’s guidance documents clearly define the agency’s expectations 
for applicants and staff reviewers, the documents make the license 
renewal process more efficient and focus discussion on key issues. 
One stakeholder noted that NRC’s standard review plan is particularly 
important since it helps agency staff with less experience understand 
what they should be looking for during their license renewal reviews. 


• Fourth, a few stakeholders (4 of 15) identified as a strength how 
safety review guidance has evolved over time to account for new 
information and lessons learned from previous license renewal 
reviews. One of these stakeholders emphasized that NRC has 
actively sought new information and, in this stakeholder’s view, has 
regularly incorporated that information into its safety review guidance. 


 
The 15 stakeholders we interviewed also identified a number of perceived 
weaknesses in NRC’s license renewal process. Overall, 5 of 7 public 
interest group and state government stakeholders said the license 
renewal process is generally ineffective at accomplishing its goals, and 
the same stakeholders said the scope of the process is too narrow.74 
More specifically, among the 15 stakeholders we interviewed, two 
weaknesses were identified by five or more stakeholders as follows:75


• First, about a third of the stakeholders we interviewed (6 of 15) 
identified as a weakness what they said was the overly narrow scope 
of the license renewal process. Some of these stakeholders said that 
issues the public thinks are relevant to license renewal, such as 
emergency planning and security, fall outside the scope of the license 
renewal process. One stakeholder said license renewal reviews 
should have a broader scope so that NRC can ensure at license 
renewal that reactors meet current safety requirements in all areas. 


 


                                                                                                                     
74One public interest stakeholder said the license renewal process is effective in some 
ways but not effective in other ways, and said the scope of the process is sufficient.  
75One stakeholder we interviewed said that NRC’s license renewal process has no 
significant weaknesses. 
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Another stakeholder provided the view that license renewal should be 
an opportunity to consider a wide range of safety and environmental 
issues beyond the negative effects of aging since license renewal 
allows a reactor to operate for up to an additional 20 years. 


• Second, a third of stakeholders (5 of 15) identified as an additional 
weakness of NRC’s license renewal process what in their view is the 
agency’s flawed public hearing process for considering challenges to 
license renewal applications. One of these stakeholders pointed to the 
limited time the public has to file challenges to a license renewal 
application (i.e., 60 days after the agency has published notice of the 
opportunity for a public hearing on a license renewal application), and 
other stakeholders highlighted hearing procedures that they believe 
put the public at a disadvantage compared with license renewal 
applicants. Some stakeholders said they believe NRC’s public hearing 
process inhibits meaningful public participation in the license renewal 
process. 


The following five other perceived weaknesses of the license renewal 
process were identified by 3 stakeholders each: 


• NRC does not require reactor owners with previously-renewed 
licenses to revise their programs for managing the negative effects of 
aging when NRC updates its license renewal guidance; 


• NRC reviews of license renewal applications are not thorough 
enough; 


• NRC reviews of license renewal applications can be excessive and 
address issues that fall outside the scope of the license renewal 
process; 


• NRC staff are not open to new information brought forward by 
stakeholders; and 


• NRC does not require applicants to implement cost-beneficial 
upgrades identified during the license renewal environmental review if 
those upgrades are not related to aging. 
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Some of the 15 stakeholders we interviewed suggested potential changes 
to improve NRC’s license renewal process. Six changes were suggested 
by three or more stakeholders.76


• Six stakeholders suggested NRC modify its public hearing process for 
considering challenges to license renewal applications. These 
stakeholders identified a number of modifications NRC could make, 
including increasing the amount of time the public has to file 
challenges and providing funding to public groups to present their 
cases. According to NRC officials, the NRC Commissioners 
determined in 2004 that the 60 days the public has to file challenges 
is adequate and that the public effectively has more time due to (1) 
internet notice of preapplication meetings, (2) the availability of the 
license renewal application prior to the notice of opportunity for 
hearing, and (3) Federal Register or internet notice of the filing of an 
application and acceptance of the application for docketing.


 We asked NRC officials for the agency’s 
position on these suggested changes. The six changes suggested by 
three or more stakeholders and NRC officials’ explanations of the 
agency’s position on those potential changes were as follows: 


77 Also, 
NRC is prohibited by law from providing funding to parties, such as 
public groups, intervening in NRC’s regulatory or adjudicatory 
proceedings to present their cases.78


• Five stakeholders suggested that NRC expand the scope of the 
license renewal process to consider issues beyond the negative 
effects of aging, such as emergency planning and spent fuel storage. 
According to NRC officials, when the agency issued the original 
license renewal rule in 1991 and amended it in 1995, the NRC 
Commissioners determined that NRC’s ongoing regulatory processes 


 


                                                                                                                     
76Five stakeholders we interviewed said that they do not believe NRC needs to make 
significant changes to the license renewal process. 
77The NRC Commissioners considered the amount of time the public has to file 
challenges in 2004 when it revised its adjudicatory process. See 69 Fed. Reg. 2182, 2199 
(Jan. 14, 2004). In the proposed rule, the NRC Commissioners solicited views on 
appropriate time frames for allowing petitions to be filed based on a notice of opportunity 
for hearing. To address comments that a 45-day period was insufficient, the NRC 
Commissioners decided to provide a 60-day period for most actions.  
78See Energy and Water Development Appropriations Act for FY 1993, Pub. L. No. 102-
377 § 502 (1992) (“None of the funds in this Act or subsequent Energy and Water 
Development Appropriations Acts shall be used to pay the expenses of, or otherwise 
compensate, parties intervening in regulatory or adjudicatory proceedings funded in such 
Acts.”). 


Some Stakeholders 
Suggested Changes to the 
License Renewal Process, 
Including Broadening Its 
Scope and Modifying the 
Public Hearing Process 
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were sufficient to ensure that a reactor would operate safely under a 
renewed license, with the possible exception of age-related 
degradation.79


• Three stakeholders suggested that NRC improve the public’s access 
to information used in the agency’s license renewal reviews. For 
example, one stakeholder said that the public should be allowed to 
listen to all conversations between agency staff and an applicant 
regarding a license renewal application. According to NRC officials, 
the agency provides the public access to, among other things, any 
information that NRC considers during a license renewal review if that 
information was necessary for the agency to make its license renewal 
decision. In addition, NRC officials said that communications from 
applicants are placed in the agency’s publicly available recordkeeping 
system, unless they are withheld in accordance with agency 
regulations.


 As a result, NRC made managing the negative effects 
of aging the primary focus of the license renewal process. NRC 
officials noted that the agency is reviewing public comments on 
whether or not to broaden the scope of the license renewal process 
as it considers the process it will use to review applications to renew 
reactor operating licenses for a second time. NRC officials stated that 
a determination is in development by staff and is expected to be 
completed by the end of fiscal year 2013. 


80


• Three stakeholders suggested that NRC should change its 
submission requirements for license renewal applications so that 
reactor owners have to submit a fully complete application at the 
beginning of the license renewal process. According to NRC officials, 
the agency requires applicants to submit applications that are 
sufficiently complete for NRC to conduct its review. However, they 
noted that the agency allows applicants to amend their applications 
and that applicants sometimes do so both in response to NRC 
questions and at their own initiation. 


 


• Three stakeholders suggested that NRC should require reactor 
owners with previously renewed licenses to meet new standards 
when NRC updates its license renewal guidance. According to NRC 
officials, the standards in the agency’s license renewal guidance 
reflect one but not the only way for an applicant to meet license 


                                                                                                                     
79See 56 Fed. Reg. 64,943 (Dec. 13, 1991) and 60 Fed. Reg. 22,461 (May 8, 1995).  
8010 C.F.R. § 2.390 (2013). 
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renewal requirements. Because standards in the guidance documents 
are not requirements, NRC does not require reactor owners with 
previously-renewed licenses to update their programs for managing 
the negative effects of aging when the agency updates its guidance. 
However, according to agency officials, NRC expects these owners to 
review updates to the agency’s license renewal guidance and 
consider whether they need to make changes to their programs as a 
result. 


• Three stakeholders suggested that NRC should require reactor 
owners to implement all cost beneficial upgrades identified during the 
license renewal environmental review, regardless of whether those 
upgrades are related to aging. According to NRC officials, because 
the scope of the license renewal process is focused primarily on 
managing the negative effects of aging, the agency has decided not to 
require reactor owners as part of the license renewal process to 
implement cost beneficial upgrades identified during the 
environmental review that are not related to aging. However, the 
officials noted that those upgrades could be considered through 
NRC’s “backfit” process, which generally requires NRC to assure 
reactor owners that requirements placed on them will change only 
when warranted from a public health and safety standpoint.81


 


 


We provided a draft copy of this report to the Executive Director for 
Operations of NRC for review and comment. NRC provided written 
comments on the draft report, which are reproduced in appendix IV, and 
technical comments, which we incorporated into the report as 
appropriate. In its comments, NRC neither agreed nor disagreed with our 
findings. 


                                                                                                                     
81NRC’s “backfit rule” requires, in order to impose new requirements on existing licensees, 
that NRC determine that the new requirements would result in a substantial increase in 
the overall protection of public health and safety or common defense and security and that 
this increased protection justifies the cost of implementation. 10 C.F.R. § 50.109(a)(3) 
(2013). Backfit is defined in 10 C.F.R. § 50.109(a)(1) as the modification of or addition to 
systems, structures, components, or design of a facility; or the design approval or 
manufacturing license for a facility; or the procedures or organization required to design, 
construct or operate a facility; any of which may result from a new or amended provision in 
NRC’s regulations or the imposition of a regulatory staff position interpreting NRC’s 
regulations that is either new or different from a previously applicable staff position, 
relative to specific dates, such as issuance of licenses. The backfit rule requires a backfit 
analysis demonstrating that the new or changed requirement is a substantial increase in 
overall protection unless NRC finds that a backfit is needed to ensure that protection of 
public health and safety is adequate, or in other limited situations. 10 C.F.R. § 
50.109(a)(3)-(4). 


Agency Comments  
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As agreed with your offices, unless you publicly announce the contents of 
this report earlier, we plan no further distribution until 30 days from the 
report date. At that time, we will send copies to NRC, the appropriate 
congressional committees, and other interested parties. In addition, this 
report will be available at no charge on the GAO website at 
http://www.gao.gov. 


If you or your staff members have any questions about this report, please 
contact me at (202) 512-3841 or ruscof@gao.gov. Contact points for our 
Offices of Congressional Relations and Public Affairs may be found on 
the last page of this report. Key contributors to this report are listed in 
appendix V. 


 
Frank Rusco 
Director, Natural Resources and Environment 


  



http://www.gao.gov/�





 
  
 
 
 


Page 39 GAO-13-493  NRC’s License Renewal Process 


List of Requesters 


The Honorable Barbara Boxer 
Chairman 
Committee on Environment and Public Works 
United States Senate 


The Honorable Sheldon Whitehouse 
Chairman 
Subcommittee on Oversight 
Committee on Environment and Public Works 
United States Senate 


The Honorable Bernard Sanders 
United States Senate 


The Honorable Edward J. Markey 
House of Representatives 







 
Appendix I: Objectives, Scope, and 
Methodology 
 
 
 


Page 40 GAO-13-493  NRC’s License Renewal Process 


Our review provides information on: (1) the scope of the Nuclear 
Regulatory Commission’s (NRC) license renewal process for commercial 
nuclear power reactors; (2) the extent to which NRC updates the safety 
and environmental review guidance used in the license renewal process; 
(3) the extent to which NRC follows the agency’s documented license 
renewal procedures; and (4) knowledgeable stakeholders’ views on the 
strengths and weaknesses in the license renewal process and 
suggestions, if any, for improving the process. To address these 
objectives and better understand NRC’s license renewal process, we 
reviewed relevant NRC documents and met with officials from NRC and 
representatives from the nuclear power industry, public interest groups, 
and others. 


During the course of our review, we interviewed NRC officials from the 
Office of General Counsel, Office of New Reactors, Office of Nuclear 
Reactor Regulation, and Office of Nuclear Regulatory Research in 
headquarters. We also interviewed officials from NRC’s Office of the 
Inspector General (OIG), NRC’s Atomic Safety and Licensing Board, and 
the Advisory Committee on Reactor Safeguards (ACRS), as well as NRC 
officials in Region I and the resident inspectors at the two nuclear power 
plants we visited. In addition, we interviewed representatives from the 
Nuclear Energy Institute, the Union of Concerned Scientists, and other 
groups and individuals to discuss their views on NRC’s license renewal 
process. 


Specifically, to describe the scope of NRC’s license renewal process, we 
reviewed relevant laws and NRC regulations, including the Atomic Energy 
Act of 1954 as amended and 10 C.F.R. Parts 2, 51, and 54, as well as 
relevant NRC guidance documents. In addition, we interviewed NRC 
officials to gain a further understanding of the license renewal process 
and how the process has changed over time. We also visited a 
nonprobability sample of two nuclear power plants—Millstone Power 
Station in Connecticut and the Pilgrim Nuclear Power Station in 
Massachusetts—to interview plant representatives about their experience 
with the license renewal process and to observe programs implemented 
at the sites following license renewal. Because this was a nonprobability 
sample, the information we gathered from these site visits is not 
generalizable to all nuclear power plants but provides important 
illustrative information. We selected these sites to capture a variety of 
characteristics, including sites that had gone through the license renewal 
process, at least one site that was operating under a renewed license 
beyond its initial 40-year operating period, and at least one site that was 


Appendix I: Objectives, Scope, and 
Methodology 







 
Appendix I: Objectives, Scope, and 
Methodology 
 
 
 


Page 41 GAO-13-493  NRC’s License Renewal Process 


the subject of a public hearing concerning a challenge to its license 
renewal application. 


To determine the extent to which NRC updates the safety and 
environmental review guidance used in the license renewal process, we 
examined NRC documents on its guidance revision process and reviewed 
changes made to license renewal guidance documents, including the 
standard review plans for license renewal safety and environmental 
reviews, the Generic Aging Lessons Learned Report, and the Generic 
Environmental Impact Statement for License Renewal of Nuclear Plants. 
We also reviewed NRC documents describing the process for revising 
license renewal environmental review regulations and guidance and 
interviewed NRC officials about the process. 


To determine the extent to which NRC followed the agency’s documented 
license renewal procedures, we selected a nonprobability sample of the 
safety and environmental review elements that are assessed as part of 
NRC’s license renewal process. We selected the elements to examine 
based on a review of GAO and NRC OIG reports, NRC guidance, license 
renewal documents from site visits, and input from some of the 
stakeholders we interviewed. In addition, we randomly selected some of 
the review elements for inclusion in our sample. To identify the agency’s 
documented procedures for reviewing the elements included in our 
sample, we examined NRC’s standard review plans for license renewal 
safety and environmental reviews and its license renewal inspection 
protocols. We then identified the actions NRC staff took to review the 
selected elements, as documented in NRC audit reports, inspection 
reports, and final safety and environmental reports, for a nonprobability 
sample of eight license renewal applications. Our nonprobability sample 
consisted of the following license renewal applications: Columbia 
Generating Station, Duane Arnold Energy Center, Millstone Power 
Station (Unit 3), Monticello Nuclear Generating Plant, Pilgrim Nuclear 
Power Station, Shearon Harris Nuclear Power Plant, Virgil C. Summer 
Nuclear Station, and Wolf Creek Generating Station.1


                                                                                                                     
1Because this was a nonprobability sample, our results are not generalizable to all license 
renewal reviews but provide examples of safety and environmental review elements that 
NRC reviewed as part of its license renewal process. 


 We selected this 
sample to capture a variety of characteristics, including reactors from 
different NRC regions, and reactors whose license renewal applications 
were reviewed using different versions of NRC’s safety and 
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environmental review guidance. Two GAO analysts independently 
compared NRC staff’s documented actions with the agency’s 
documented procedures to assess the level of consistency for the review 
elements in our sample. They then rated the staff’s documented actions 
as compared with the agency’s documented procedures as being 
consistent, partially consistent, not consistent, or not applicable. When 
their review ratings differed, they discussed the differences and agreed 
on a final assessment. We then spoke with NRC officials about the 
instances where the staff’s documented actions were rated as either 
partially consistent or not consistent in order to determine whether NRC 
had additional information that could illustrate the extent to which the 
agency’s procedures were followed in a consistent manner. During our 
review, we did not evaluate the adequacy or substance of NRC’s review 
actions or the quality of its documented license renewal procedures. 


To describe knowledgeable stakeholders’ views on strengths and 
weaknesses in NRC’s license renewal process, we summarized the 
results of semistructured interviews with stakeholders knowledgeable of 
the license renewal process. We first identified 106 knowledgeable 
stakeholders by reviewing the results of a literature search, prior GAO 
reports, congressional and NRC hearings, and recommendations from 
officials with NRC and representatives from the Nuclear Energy Institute, 
the Union of Concerned Scientists, and others. From this list, we then 
used a multistep process to select 15 stakeholders. To ensure coverage 
and a range of perspectives, we selected stakeholders from the following: 


• industry, including officials from five of the eight nuclear power plants 
whose license renewal applications were part of the nonprobability 
sample for our consistency review; 


• public interest groups, including representatives from the National 
Legal Scholars Firm, Pilgrim Watch, Public Justice, and the Union of 
Concerned Scientists; 


• state governments, including officials from the States of New York and 
Vermont and the Commonwealth of Massachusetts; and 
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• ACRS, a body of nuclear, engineering, and safety experts appointed 
by the NRC Commissioners that is independent of the NRC staff and 
reports directly to the NRC Commissioners.2


We conducted semistructured interviews with the 15 selected 
stakeholders using a standard set of questions and analyzed their 
responses, grouping them into overall themes.


 


3


We conducted this performance audit from May 2012 to May 2013 in 
accordance with generally accepted government auditing standards. 
Those standards require that we plan and perform the audit to obtain 
sufficient, appropriate evidence to provide a reasonable basis for our 
findings and conclusions based on our audit objectives. We believe that 
the evidence obtained provides a reasonable basis for our findings and 
conclusions based on our audit objectives. 


 We summarized the 
results of our analysis and then asked NRC officials for the agency’s 
position on potential changes to the license renewal process that were 
suggested by multiple stakeholders. Not all of the stakeholders answered 
all of our questions. The views expressed by stakeholders do not 
represent the views of GAO. 


                                                                                                                     
2ACRS is established in statute. The committee has four primary purposes: (1) to review 
and report on safety studies and reactor facility license and license renewal applications; 
(2) to advise the NRC Commissioners on the hazards of proposed and existing production 
and utilization facilities and the adequacy of proposed safety standards; (3) to initiate 
reviews of specific generic matters or nuclear facility safety-related items; and (4) to 
provide advice in the areas of health physics and radiation protection. 
3During one industry stakeholder interview, the primary stakeholder was joined by two 
colleagues who provided supporting commentary. However, the three officials, as noted 
during our interview, expressed a singular view for their group. Therefore, this interview 
represented the views of one industry stakeholder, not three separate views. 
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Reactor State 


Date initial 
operating license 
issued 


License renewal 
status


Date renewed 
operating license 
issued a 


Date current 
operating license 
set to expire 


Arkansas Nuclear One, 
Unit 1 


Arkansas 05/21/1974 Renewed 06/20/2001 05/20/2034 


Arkansas Nuclear One, 
Unit 2 


Arkansas 09/01/1978 Renewed 06/30/2005 07/17/2038 


Beaver Valley Power 
Station, Unit 1 


Pennsylvania 07/02/1976 Renewed 11/05/2009 01/29/2036 


Beaver Valley Power 
Station, Unit 2 


Pennsylvania 08/14/1987 Renewed 11/05/2009 05/27/2047 


Braidwood Station,  
Unit 1 


Illinois 07/02/1987 Application 
Expected 


N/A 10/17/2026 


Braidwood Station,  
Unit 2 


Illinois 05/20/1988 Application 
Expected 


N/A 12/18/2027 


Browns Ferry Nuclear 
Plant, Unit 1 


Alabama 12/20/1973 Renewed 05/04/2006 12/20/2033 


Browns Ferry Nuclear 
Plant, Unit 2 


Alabama 06/28/1974 Renewed 05/04/2006 06/28/2034 


Browns Ferry Nuclear 
Plant, Unit 3 


Alabama 07/02/1976 Renewed 05/04/2006 07/02/2036 


Brunswick Steam 
Electric Plant, Unit 1 


North Carolina 09/08/1976 Renewed 06/26/2006 09/08/2036 


Brunswick Steam 
Electric Plant, Unit 2 


North Carolina 12/27/1974 Renewed 06/26/2006 12/27/2034 


Byron Station, Unit 1 Illinois 02/14/1985 Application 
Expected 


N/A 10/31/2024 


Byron Station, Unit 2 Illinois 01/30/1987 Application 
Expected 


N/A 11/06/2026 


Callaway Plant Missouri 10/18/1984 Under Review N/A 10/18/2024 
Calvert Cliffs Nuclear 
Power Plant, Unit 1 


Maryland 07/31/1974 Renewed 03/23/2000 07/31/2034 


Calvert Cliffs Nuclear 
Power Plant, Unit 2 


Maryland 08/13/1976 Renewed 03/23/2000 08/13/2036 


Catawba Nuclear 
Station, Unit 1 


South Carolina 01/17/1985 Renewed 12/05/2003 12/05/2043 


Catawba Nuclear 
Station, Unit 2 


South Carolina 05/15/1986 Renewed 12/05/2003 12/05/2043 


Clinton Power Station, 
Unit 1 


Illinois 04/17/1987 Application 
Expected 


N/A 09/29/2026 


Columbia Generating 
Station, Unit 2 


Washington State 04/13/1984 Renewed 05/22/2012 12/20/2043 


Comanche Peak Steam 
Electric Station, Unit 1 


Texas 04/17/1990 Application 
Expected 


N/A 02/08/2030 
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Reactor State 


Date initial 
operating license 
issued 


License renewal 
status


Date renewed 
operating license 
issued a 


Date current 
operating license 
set to expire 


Comanche Peak Steam 
Electric Station, Unit 2 


Texas 04/06/1993 Application 
Expected 


N/A 02/02/2033 


Cooper Nuclear Station  Nebraska 01/18/1974 Renewed 11/29/2010 01/18/2034 
Davis-Besse Nuclear 
Power Station, Unit 1 


Ohio 04/22/1977 Under Review N/A 04/22/2017 


Diablo Canyon Nuclear 
Power Plant, Unit 1 


California 11/02/1984 Under Review N/A 11/02/2024 


Diablo Canyon Nuclear 
Power Plant, Unit 2 


California 08/26/1985 Under Review N/A 08/26/2025 


Donald C. Cook Nuclear 
Power Plant, Unit 1 


Michigan 10/25/1974 Renewed 08/30/2005 10/25/2034 


Donald C. Cook Nuclear 
Power Plant, Unit 2 


Michigan 12/23/1977 Renewed 08/30/2005 12/23/2037 


Dresden Nuclear Power 
Station, Unit 2 


Illinois 02/20/1991 Renewed 10/28/2004 12/22/2029 


Dresden Nuclear Power 
Station, Unit 3 


Illinois 01/12/1971 Renewed 10/28/2004 01/12/2031 


Duane Arnold Energy 
Center 


Iowa 02/22/1974 Renewed 12/16/2010 02/21/2034 


Edwin I. Hatch Nuclear 
Plant, Unit 1 


Georgia 10/13/1974 Renewed 01/15/2002 08/06/2034 


Edwin I. Hatch Nuclear 
Plant, Unit 2 


Georgia 06/13/1978 Renewed 01/15/2002 06/13/2038 


Fermi, Unit 2 Michigan 07/15/1985 Application 
Expected 


N/A 03/20/2025 


Fort Calhoun Station, 
Unit 1 


Nebraska 08/09/1973 Renewed 11/04/2003 08/09/2033 


Grand Gulf Nuclear 
Station, Unit 1 


Mississippi 11/01/1984 Under Review N/A 11/01/2024 


H. B. Robinson Steam 
Electric Plant, Unit 2 


South Carolina 07/31/1970 Renewed 04/19/2004 07/31/2030 


Hope Creek Generating 
Station, Unit 1 


New Jersey 07/25/1986 Renewed 07/20/2011 04/11/2046 


Indian Point Nuclear 
Generating, Unit 2 


New York 09/28/1973 Under Review N/A 09/28/2013 


Indian Point Nuclear 
Generating, Unit 3 


New York 12/12/1975 Under Review N/A 12/12/2015 


James A. FitzPatrick 
Nuclear Power Plant 


New York 10/17/1974 Renewed 09/08/2008 10/17/2034 


Joseph M. Farley 
Nuclear Plant, Unit 1 


Alabama 06/25/1977 Renewed 05/12/2005 06/25/2037 
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Reactor State 


Date initial 
operating license 
issued 


License renewal 
status


Date renewed 
operating license 
issued a 


Date current 
operating license 
set to expire 


Joseph M. Farley 
Nuclear Plant, Unit 2 


Alabama 03/31/1981 Renewed 05/12/2005 03/31/2041 


LaSalle County Station, 
Unit 1 


Illinois 04/17/1982 Application 
Expected 


N/A 04/17/2022 


LaSalle County Station, 
Unit 2 


Illinois 12/16/1983 Application 
Expected 


N/A 12/16/2023 


Limerick Generating 
Station, Unit 1 


Pennsylvania 08/08/1985 Under Review N/A 10/26/2024 


Limerick Generating 
Station, Unit 2 


Pennsylvania 08/25/1989 Under Review N/A 06/22/2029 


McGuire Nuclear 
Station, Unit 1 


North Carolina 07/08/1981 Renewed 12/05/2003 06/12/2041 


McGuire Nuclear 
Station, Unit 2 


North Carolina 05/27/1983 Renewed 12/05/2003 03/03/2043 


Millstone Power Station, 
Unit 2 


Connecticut 09/26/1975 Renewed 11/28/2005 07/31/2035 


Millstone Power Station, 
Unit 3 


Connecticut 01/31/1986 Renewed 11/28/2005 11/25/2045 


Monticello Nuclear 
Generating Plant, Unit 1 


Minnesota 01/09/1981 Renewed 11/08/2006 09/08/2030 


Nine Mile Point Nuclear 
Station, Unit 1 


New York 12/26/1974 Renewed 10/31/2006 08/22/2029 


Nine Mile Point Nuclear 
Station, Unit 2 


New York 07/02/1987 Renewed 10/31/2006 10/31/2046 


North Anna Power 
Station, Unit 1 


Virginia 04/01/1978 Renewed 03/20/2003 04/01/2038 


North Anna Power 
Station, Unit 2 


Virginia 08/21/1980 Renewed 03/20/2003 08/21/2040 


Oconee Nuclear Station, 
Unit 1 


South Carolina 02/06/1973 Renewed 05/23/2000 02/06/2033 


Oconee Nuclear Station, 
Unit 2 


South Carolina 10/06/1973 Renewed 05/23/2000 10/06/2033 


Oconee Nuclear Station, 
Unit 3 


South Carolina 07/19/1974 Renewed 05/23/2000 07/19/2034 


Oyster Creek Nuclear 
Generating Station,  
Unit 1 


New Jersey 07/02/1991 Renewed 04/08/2009 04/09/2029 


Palisades Nuclear Plant Michigan 02/24/1971 Renewed 01/17/2007 03/24/2031 
Palo Verde Nuclear 
Generating Station,  
Unit 1 


Arizona 06/01/1985 Renewed 04/21/2011 12/31/2044 







 
Appendix II: License Renewal Status of 
Operating Commercial Nuclear Power 
Reactors as of May 2013 
 
 
 


Page 47 GAO-13-493  NRC’s License Renewal Process 


Reactor State 


Date initial 
operating license 
issued 


License renewal 
status


Date renewed 
operating license 
issued a 


Date current 
operating license 
set to expire 


Palo Verde Nuclear 
Generating Station,  
Unit 2 


Arizona 04/24/1986 Renewed 04/21/2011 04/24/2046 


Palo Verde Nuclear 
Generating Station,  
Unit 3 


Arizona 11/25/1987 Renewed 04/21/2011 11/25/2047 


Peach Bottom Atomic 
Power Station, Unit 2 


Pennsylvania 10/25/1973 Renewed 05/07/2003 08/08/2033 


Peach Bottom Atomic 
Power Station, Unit 3 


Pennsylvania 07/02/1974 Renewed 05/07/2003 07/02/2034 


Perry Nuclear Power 
Plant, Unit 1 


Ohio 11/13/1986 Application 
Expected 


N/A 03/18/2026 


Pilgrim Nuclear Power 
Station 


Massachusetts 06/08/1972 Renewed 05/29/2012 06/08/2032 


Point Beach Nuclear 
Plant, Unit 1 


Wisconsin 10/05/1970 Renewed 12/22/2005 10/05/2030 


Point Beach Nuclear 
Plant, Unit 2 


Wisconsin 03/08/1973 Renewed 12/22/2005 03/08/2033 


Prairie Island Nuclear 
Generating Plant, Unit 1 


Minnesota 04/05/1974 Renewed 06/27/2011 08/09/2033 


Prairie Island Nuclear 
Generating Plant, Unit 2 


Minnesota 10/29/1974 Renewed 06/27/2011 10/29/2034 


Quad Cities Nuclear 
Power Station, Unit 1 


Illinois 12/14/1972 Renewed 10/28/2004 12/14/2032 


Quad Cities Nuclear 
Power Station, Unit 2 


Illinois 12/14/1972 Renewed 10/28/2004 12/14/2032 


River Bend Station,  
Unit 1 


Louisiana 11/20/1985 Application 
Expected 


N/A 08/29/2025 


R.E. Ginna Nuclear 
Power Plant 


New York 09/19/1969 Renewed 05/19/2004 09/18/2029 


St. Lucie Plant, Unit 1 Florida 03/01/1976 Renewed 10/02/2003 03/01/2036 
St. Lucie Plant, Unit 2 Florida 06/10/1983 Renewed 10/02/2003 04/06/2043 
Salem Nuclear 
Generating Station,  
Unit 1 


New Jersey 12/01/1976 Renewed 06/30/2011 08/13/2036 


Salem Nuclear 
Generating Station,  
Unit 2 


New Jersey 05/20/1981 Renewed 06/30/2011 04/18/2040 


San Onofre Nuclear 
Generating Station,  
Unit 2 


California 02/16/1982 Application 
Expected 


N/A 02/16/2022 
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Reactor State 


Date initial 
operating license 
issued 


License renewal 
status


Date renewed 
operating license 
issued a 


Date current 
operating license 
set to expire 


San Onofre Nuclear 
Generating Station,  
Unit 3 


California 11/15/1982 Application 
Expected 


N/A 11/15/2022 


Seabrook Station, Unit 1 New Hampshire 03/15/1990 Under Review N/A 03/15/2030 
Sequoyah Nuclear Plant, 
Unit 1 


Tennessee 09/17/1980 Under Review N/A 09/17/2020 


Sequoyah Nuclear Plant, 
Unit 2 


Tennessee 09/15/1981 Under Review N/A 09/15/2021 


Shearon Harris Nuclear 
Power Plant, Unit 1 


North Carolina 10/24/1986 Renewed 12/17/2008 10/24/2046 


South Texas Project, 
Unit 1 


Texas 03/22/1988 Under Review N/A 08/20/2027 


South Texas Project, 
Unit 2 


Texas 03/28/1989 Under Review N/A 12/15/2028 


Surry Nuclear Power 
Station, Unit 1 


Virginia 05/25/1972 Renewed 03/20/2003 05/25/2032 


Surry Nuclear Power 
Station, Unit 2 


Virginia 01/29/1973 Renewed 03/20/2003 01/29/2033 


Susquehanna Steam 
Electric Station, Unit 1 


Pennsylvania 07/17/1982 Renewed 11/24/2009 07/17/2042 


Susquehanna Steam 
Electric Station, Unit 2 


Pennsylvania 03/23/1984 Renewed 11/24/2009 03/23/2044 


Three Mile Island 
Nuclear Station, Unit 1 


Pennsylvania 04/19/1974 Renewed 10/22/2009 04/19/2034 


Turkey Point Nuclear 
Generating, Unit 3 


Florida 07/19/1972 Renewed 06/06/2002 07/19/2032 


Turkey Point Nuclear 
Generating, Unit 4 


Florida 04/10/1973 Renewed 06/06/2002 04/10/2033 


Vermont Yankee 
Nuclear Power Plant, 
Unit 1 


Vermont 03/21/1972 Renewed 03/21/2011 03/21/2032 


Virgil C. Summer 
Nuclear Station, Unit 1 


South Carolina 11/12/1982 Renewed 04/23/2004 08/06/2042 


Vogtle Electric 
Generating Plant, Unit 1 


Georgia 03/16/1987 Renewed 06/03/2009 01/16/2047 


Vogtle Electric 
Generating Plant, Unit 2 


Georgia 03/31/1989 Renewed 06/03/2009 02/09/2049 


Waterford Steam 
Electric Station, Unit 3 


Louisiana 03/16/1985 Application 
Expected 


N/A 12/18/2024 


Watts Bar Nuclear Plant, 
Unit 1 


Tennessee 02/07/1996 Intent Not 
Announced 


N/A 11/09/2035 







 
Appendix II: License Renewal Status of 
Operating Commercial Nuclear Power 
Reactors as of May 2013 
 
 
 


Page 49 GAO-13-493  NRC’s License Renewal Process 


Reactor State 


Date initial 
operating license 
issued 


License renewal 
status


Date renewed 
operating license 
issued a 


Date current 
operating license 
set to expire 


Wolf Creek Generating 
Station, Unit 1 


Kansas 06/04/1985 Renewed 11/20/2008 03/11/2045 


Source: NRC. 


Note: This appendix lists the 102 commercial nuclear power reactors that were operating in the 
United States as of May 2013. In February 2013, the owner of the Crystal River Nuclear Plant in 
Florida permanently shut down that site’s reactor and, in May 2013, the owner of the Kewaunee 
Power Station in Wisconsin permanently shut down that site’s reactor. These actions reduced the 
number of operating commercial nuclear power reactors in the United States from 104 to 102. The 
Kewaunee reactor was one of the 73 reactors with an operating license renewed by NRC. 
a


 


“Application Expected” means the owner of the reactor has communicated to NRC its intent to file a 
license renewal application in the future. “Intent Not Announced” means the owner of the reactor has 
not communicated to NRC whether or not it intends to file a license renewal application in the future. 
“Renewed” means NRC has renewed the reactor’s operating license. “Under Review” means the 
owner of the reactor has filed a license renewal application, and NRC is reviewing the application.  
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Figure 3: Reactors from NRC Region I Included in GAO Review 
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Figure 4: Reactors from NRC Region II Included in GAO Review 
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Figure 5: Reactors from NRC Region III Included in GAO Review 


 
a The Atomic Energy Commission issued a provisional operating license on September 8, 1970, 
allowing commercial operation. The NRC issued a full-term operating license on January 9, 1981. 
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Figure 6: Reactors from NRC Region IV Included in GAO Review 


 
 







 
Appendix IV: Comments from the Nuclear 
Regulatory Commission 


 
 
 


Page 54 GAO-13-493  NRC’s License Renewal Process 


 


Appendix IV: Comments from the Nuclear 
Regulatory Commission  







 
 
 
 
 


Page 55 GAO-13-493  NRC’s License Renewal Process 


Frank Rusco, (202) 512-3841 or ruscof@gao.gov 
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Nuclear Backlash Energizes Old Plants 

By REBECCA SMITH 

Japan's Fukushima Daiichi disaster is having an unanticipated effect: It is forcing the world to become more reliant than ever on aging nuclear plants, and if utilities have their way, those plants will run decades longer than envisioned.

A batch of new reactors had been planned for the U.S. and other nations, but the backlash against nuclear power triggered by the disaster has dimmed prospects for a "nuclear renaissance." Few nations, however, have expressed any intention of giving up existing plants, often considered essential for meeting power demands. 

In the U.S., two-thirds of nation's 104 nuclear reactors have had their original 40-year licenses extended by 20 years, including nine extensions granted since the Japan accident. Regulators are conducting research to see if U.S. reactors could be pushed to 80 years. France's nuclear regulator is plowing ahead with plans to extend the life of some plants to 60 years.

That disturbs some critics of nuclear power, who say old plants are more dangerous than new ones and license-extension procedures aren't rigorous enough. In the U.S., for example, older plants have experienced problems such as corroded pipes leaking radioactive liquid into the ground, although regulators say not one has exposed the public to excessive doses of radiation.

The U.S. Nuclear Regulatory Commission never has turned down a utility that asked to extend the life of a nuclear reactor, thus far approving 71 such requests. Thirteen more requests are currently on the table.

"One would think the events in Japan would at least have slowed down the conveyor belt for license extensions," says Paul Gunter, spokesman for Beyond Nuclear, an antinuclear organization in Maryland. "But it had no effect."

The NRC says there is no reason plants can't run 60 years or more if properly maintained, and that detailed aging-management plans are a condition of license renewal. Those plans focus on the inspection and maintenance of equipment that isn't routinely replaced, such as reactor-containment structures and concrete work.

On Aug. 30, the NRC staff deemed "acceptable" the aging-management plan for Entergy Corp.'s Indian Point nuclear plant 26 miles outside of New York City, removing one of the last remaining hurdles to a license extension. The state of New York wants the reactors retired when their licenses expire in 2013 and 2015. 

Aging reactors are becoming common all over the world. The U.K. has four reactors that are at least 40 years old. Switzerland has three. Russia, Japan, Canada, India, Pakistan and Spain each have one. More than one-third of the 33 nations with nuclear plants have never shut down a reactor, including China, India, Argentina and Brazil.

Supporters and opponents of nuclear power agree that plant longevity is increasing. "The idea in France, the U.S., and just about everywhere else, is to prolong the life of these reactors," says Mycyle Schneider, a nuclear consultant in Paris who often works for nuclear critics.

Not all nuclear-powered nations plan to keep their plants in operation. In June, the German government decided to shut down all 17 of its reactors by 2022, and it has already closed eight. In July, Japan's then-prime minister said he wanted the nation to gradually phase out nuclear power, although skeptics wonder whether the energy-resource-poor nation can afford to do that. Switzerland has said it will retire its five reactors when their licenses expire between 2019 and 2034. 

Before the Japan disaster, President Barack Obama supported building new nuclear reactors and Congress had approved loan guarantees and other subsidies to help utilities cover the high cost. But the failure of critical safety systems at the Japanese plant after the March earthquake and tsunami, which led to radiation leaks and environmental contamination, shook public confidence in nuclear power. 

Several U.S. nuclear operators are backing away from new construction. NRG Energy Inc. said in April it was dropping plans to build two reactors in Texas. It had intended to work in partnership with Japanese companies, including Tokyo Electric Power Co., owner of the stricken Fukushima plant. 

NRG said the accident created more uncertainty about U.S. nuclear requirements and could lead to costly delays in getting regulatory approvals. In addition, said NRG Chief Executive David Crane, the project lacked committed customers to buy the power, and the accident would make it harder to find them.

Other companies have gotten cold feet, including Exelon Corp. and Progress Energy Inc. Other factors have contributed. Large quantities of inexpensive natural gas are making it more attractive to build gas-fired generating plants.

In July, the Japan Task Force created by the NRC suggested changes to improve safety at the nation's 104 reactors. It didn't suggest any changes in the way licenses are renewed.

There are two basic approaches to licensing world-wide. Some nations, including the U.S. and Finland, give licenses for set terms, then grant extensions. Others, such as France, the Netherlands, Japan and the U.K., grant indefinite licenses and require plants to undergo periodic safety reviews to continue operating, typically every 10 years.

In the U.S., new plants get 40-year licenses. Utilities are allowed to start the license-renewal process when reactors are 20 years old, meaning they can get renewals long before some problems have time to develop.

Nearly all the reactors built around the world before 1970 already have been shut down—decisions generally made by utilities that concluded they were too small, inefficient or problem-plagued. But many reactors built in the early 1970s are still in use. 

As nuclear plants age, the underground pipes that carry radioactive liquids such as tritium sometimes corrode and spring leaks. According to the NRC, 65 reactor sites in the U.S. have leaked or spilled radioactive material into groundwater, although the agency says none of those incidents subjected anyone to radiation doses exceeding legal limits.

Deteriorating electric cables pose another problem. Last December, the NRC told utilities it identified 269 cases of electrical-cable failure in recent years, and warned that the problem was getting worse as plants got older. That is worry because electrical cable failures can disable important safety systems.

The industry says the NRC demands action immediately if a safety concern is exposed. "The NRC doesn't wait for somebody to go in for a license renewal. If there's a problem, they tackle it," says Tony Pietrangelo, chief nuclear officer for the Nuclear Energy Institute, a trade group for reactor owners.

The NRC requires plants that seek license extensions to have an aging-management plan detailing how deterioration of structures and equipment will be handled. But several incidents have raised questions about whether the industry can be relied on to identify and fix age-related problems, as required.

The two reactors at NextEra Energy Inc.'s Turkey Point plant near Homestead, Fla., came online in 1972 and 1973. Both were granted 20-year extensions in 2002. 

In October, plant workers discovered tiny holes in a steel barrier that keeps radiation from escaping from the reactor area, although no radiation leaked out. It was the second time in five years that such holes were found in radiation barriers at the plant. When explaining the problem to the NRC, NextEra blamed "poor housekeeping," and it made repairs.

NRC spokesman Roger Hannah said the utility was required to do inspections but hadn't been doing them, "through an oversight, I guess." Utility spokesman Michael Waldron said the utility now inspects for this sort of damage every time it shuts down to take on new fuel.

Some experts think the Davis-Besse plant in Oak Harbor, Ohio, came the closest to disaster of any U.S. plant since the 1979 accident at the Three Mile Island plant in Pennsylvania. Workers have twice discovered cracks in nozzles that enter the reactor pressure vessel. 

In the first incident, in 2002, the resulting leaks allowed boric acid to eat a six-inch cavity in the reactor pressure vessel, severely weakening it. The NRC levied a record fine of $5.45 million against the plant's owner, FirstEnergy Corp., for "willful" violations of safety rules and for submitting "inaccurate" information. After major repairs, the plant was returned to service. 

In March 2010, FirstEnergy discovered flaws in replacement parts, leading to what the company characterizes as "minor leaking." The NRC concluded FirstEnergy was running the plant at hotter temperatures than intended, accelerating metal fatigue. 

The plant currently is seeking a license extension. FirstEnergy plans to replace part of the reactor pressure vessel with one built of a stronger steel alloy. Repairs begin in October.

In the license-extension process, the NRC doesn't reconsider whether a plant's design is outmoded or its radiation-containment structure is less than state-of-the-art. Neither emergency-evacuation plans nor radioactive-waste storage plans are subject to review because they aren't part of aging-management plans.

"It's called license renewal, not relicensing," says Brian Holian, director of license renewal at the NRC, and the agency's rules dictate what is reviewed.

The public "often is not satisfied" by that explanation, he admits. "Sometimes, they want the opportunity to re-evaluate whether the plant should even be there."
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Safety Analysis 1.Safety Analysis 1.


1. Understanding legal bases.
2. Developing common safety principles.
3. Safety principles v.s.safety requirements.
4. Developing common standards.
5. Understanding the role of the players.
6. Safety: an every body concern, a manyfold discipline.
7. Safety: compatibility with competitiviness.
8. Safety: protection theory and optimization







IAEA Training Course on Safety Assessment 2


Safety Analysis 1.1Safety Analysis 1.1
Understanding Legal Bases


1.1. Stuffenbau principle:
• Binding international agreements/regulation. (IAEA, EU,..)
• National legislation.


Acts.
- Rules
- Ordinances
- Licence terms and commitments.


• Technical regulation.
Safety guides. (Reg. Body)
National or International Standards
Self regulation.


Warning: regulation not necessarily guarantee safety!!
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Safety Analysis 1.2Safety Analysis 1.2
2. Developing common safety principles:


Convention on Nuclear Safety (1994)*


– Preamble vii.


– Objectives (art.1): protect individuals, society, environment 
by means of prevention and mitigation.


– Scope (art 2.i): NPP, storage, handling, treatment facilities 
on the site.


– Technology clause (art.6)


– Assessment of conformance (art.7.2.iii)


*  limited to civil NPP
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Safety Analysis 1.2Safety Analysis 1.2
2. Developing common safety principles:


Convention on Nuclear Safety (1994)


– Assessment and verification (art.14)


• Alive, 


• Contrast with: design, safety req. CLO.


– Safety of installations: Siting (art.17)


• i) safety site related: heat sink, earthquake, tornado corridor,
floodings, flight airway, other industries risks...


• ii)  impact on individuals, society, environment: population, 
land uses, ecosystem, property,...
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Safety Analysis 1.2Safety Analysis 1.2


2. Developing common safety principles:


Convention on Nuclear Safety (1994)


– Safety of installations: Design & construction (art.18)


• i) defence in depth: prevention and mitigation.


• ii) validated technologies.


• iii) reliability, stability, manageability, human factors, manhuman factors, man--
machine interfacemachine interface..
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Safety Analysis 1.2Safety Analysis 1.2


2. Developing common safety principles:


Convention on Nuclear Safety (1994)


– Safety of installations: Design & construction (art.18)


• i) defence in depth: prevention and mitigation.


• ii) validated technologies.


• iii) reliability, stability, manageability, human factors, manhuman factors, man--
machine interfacemachine interface..
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2. Developing common safety principles:


General consensus achieved.


• IAEA Safety series nº 110. “The safety of Nuclear 
Installations” *


• EU “Safety principles for light water reactor nuclear power 
plants” COM(81)519


• Safety assessment principles for NPP HMSO 1992. (UK)


• 10 CFR 50 App.A, B; 20; 100 (USA)


* necessary reading.


Safety Analysis 1.2Safety Analysis 1.2
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3. Safety principles v.s. Safety requirements:


• From conceptual to design.


• Safety requirements guarantees fulfilment of safety 
principles.


• IAEA Safety of nuclear power plants: design NS-R-1


Req. for management of safety.


Req. for systems, structures and components.


Req. for safety assessment: PIE’s, events classification... 


• Ongoing harmonization.


Safety Analysis 1.3Safety Analysis 1.3
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4. Developing common safety standards:


• Purpose: verify safety requirements.
• Difficult task: dispersion among different countries. Need 


harmonization.
• Possible approaches:


Incorporate into regulation.
Voluntary applicattion


• Sources:
Legislative. (EU, National)
IAEA Safety Guides, Reg. Body Guides.
Qualified proffesional organizations (IEEE, ANSI, ASME...)
Utility, Supplier, Nat. or Int. Labs., ... 


Safety Analysis 1.4Safety Analysis 1.4
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UTILITY PROCESS


REG. BODY EVALUATION 


PROCESS


SAFETY ANALYSIS 
DOCUMENTATION


IMPROVEMENT OF 
DOCUMENTATION


IMPROVEMENT 
OF UTILITY 
PROCESS


ACCEPTANCE 
CRITERIA


LOOP ONLY FOR 
RELEVANT FINDINGS. LOOP ONLY FOR 


MINOR 
DEFICIENCIES 


IMPACT ON NPP 


DATA BASE


Safety Analysis 1.5 Understanding the Safety Analysis 1.5 Understanding the 
Role of PlayersRole of Players
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Regulation             Safety          Performance       Categories    Actions
Findings categorization Corr.    Proc.     Op.     BDT   DT


YES


Admisible


Admisible


Admisible


Admisible


NO


Non-admisible


Low


0


A    *                              *


B    *                     *              *  


C    *         *          *       *     *


D    *                     *       *     *


E     *        *          *        *
Non-admisible


Low


Safety Analysis 1.5 Understanding the Safety Analysis 1.5 Understanding the 
Role of PlayersRole of Players
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1.6 Safety: an Everybody Concern, a1.6 Safety: an Everybody Concern, a
ManyfoldManyfold Discipline.Discipline.


– Safety is primary responsibilty of utility.


– Liability is not channeled unless otherwise to             
supplier.


– Reg. Body is State’s watchdog verifying utility’s 
competence.


– Consider stakeholders.


– Safety analysis is a relays race where different disciplines 
give the relay to others. Don’t ever think it is all in your 
hands!, work as a team!
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1.7 Safety: Compatibility With 1.7 Safety: Compatibility With CompetitivinessCompetitiviness..
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1.7 Safety: Protection Theory and Optimization1.7 Safety: Protection Theory and Optimization


–Protection design is a discipline by itself.


–Main reference: ANSI/ANS-51.1_1983 “Nuclear Safety Criteria 
for the design of stationary pressurized water reactor plants”


–Optimization based on damage limiting, probability of 
occurence, affordable safety margins (an agressive protection 
carries undue costs and impaired safety).


–Elements of evaluation:


•Identification of possible (more than credible) events, internal and 
external, challenging fission products barriers under all operational 
conditions.
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– Categorization.


• Classification of events by freq. of occurance.


• Identification of radiological damage variable/s and allowable damage as 
a function of freq. of occurance. (safety regulation arena).


– Transients analyses.


• Determination of bounding initial and boundary conditions for each 
event.


• Identification of surrogate variables.


• Determination of yield limit, safety limit and safety margin. (codes & 
standards arena)


• Determination of limiting condition for operation.


• Analysis of affected Technical Specification (modes of operation, CLO, 
actions, surveillance)  


1.7 Safety: Protection Theory and Optimization1.7 Safety: Protection Theory and Optimization
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Events Classification: Identification of EventsEvents Classification: Identification of Events
– Identification of possible (more than credible) events, internal and 


external, challenging fission products barriers under all operational 
conditions.


• Identify barrier failure mechanisms:
Fuel: fusion, dispersion...


Clad: dry-out, PCMI, ballooning, thermal shock...


RCS: overpressure, PTS, non-isolation, crack propagation...


Containment: overpressure, non-isolation, bypass,...


• Identify physical process driving to failure:
Thermal-Overpower: cooldown, rod withdrawal-ejection, fast boron 
dilution, rod drop...


Mechanical-Overpower: id.


PCM (boiling crisis): flow or inventory reduction, heat flux increase, 
coolant heat-up, pressure reduction (PWR)...
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– Identify physical process driving to failure (cont’d):
• Crack growth: thermal fatigue, induced corrosion,..


• Overpressure:inventory increase (hot and cold conditions), inventory 
expansion,... 


• ...


– Group those processess by phenomenology (Reg 1.70):
• Increase/decrease of heat removal by secondary system


• Decrease in reactor coolant system flow.


• Reactivity and power distribution anomalies.


• Increase/decrease in reactor coolant inventory.


• Radioactive release from subsystem or component.


• ATWS.


Events Classification: Identification of EventsEvents Classification: Identification of Events
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– Identify scenarios for each of the previous groups.


• Increase of heat removal by the secondary system:


Decrease in feedwater temperature.


Increase in feedwater flow.


Increase in steam flow.


Inadvertent opening of a steam generator relief or safety valve.


Steam system piping failure inside and outside of containment 
in a PWR


• ...


Events Classification: Identification of EventsEvents Classification: Identification of Events
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– Postulate initiating events driving to previous scenarios.
• Increase in steam flow:


Steam bypass opening.
Flow demand increase.


• Decrease in feedwater temperature:
Preheater bypass,
Loss of preheating efficiency (air intake, low steam 
flow..)


• ...
– Determine root cause:


• Hazard and operability analysis (HAZOP)
• Failure mode effect analysis (FMEA)
• Operating experience, comparison


Events Classification: Identification of EventsEvents Classification: Identification of Events
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– Determine root cause (cont’d):
• Internal events:


System, component or structures failures including generated 
hazards: pipe whipping, missiles, fire,..
Operator errors


• External events:
Natural: earthquakes, flooding, winds, landslides,...
Man induced: sabotage, air crash, other industries,...
Consider possible combinations, i.e.: earthquake  + flooding; fire + 
flooding;...


• Categorization
– Determine frequency of the initiating event.
– Determine bounding PIE assumptions
– Determine bounding event (freq, and consequences)


Events Classification: Identification of EventsEvents Classification: Identification of Events
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Events Classification: CategorizationEvents Classification: Categorization


– Grouping of PIE according to its frequency of occurrance.


– Setting limits to the damage in term of dose for each category.


– Setting acceptance criteria for each scenario: 


• General design, core design, and protection design shall 
guarantee compliance.


• No evolution into a worse category.


• Usually decoupling between radiological consequences and 
transient analyses acceptance criteria.


• Surrogate damage variable in terms of: 


Nº of failed rods, máximum leakage, oxidation, clad temperature, 
fuel enthalpy rise,...  
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– Applicable Technical Standards:
• ANSI/ANS 51.1 
• ANSI/ANS 51.1 (N18.2)
• ANSI/ANS 52.1 (N212)
• ANSI/ANS 53.1 (N213)
• IAEA NS-R-1
• IAEA 50-SG-D11


– NRC regulation and guides:
• 10 CFR 50 app.A “General design criteria..”
• RG 1.48 “Design limits and loading....”
• RG 1.70 “Standard Format and Contents...”
• NUREG 0800 standard review plan


Events Classification: CategorizationEvents Classification: Categorization
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IAEA 50-SG-D11


Events Classification: CategorizationEvents Classification: Categorization
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French-German Harmonization Process


< 10-4 PCC4 : limiting accidents


10-4  to 10-2PCC3 : infrequent accidents


10-2 to 1PCC2 : anticipated operational
occurences


Permanent/frequentPCC1 : operational transient


Frequency
(order of magnitude)/year


PCC (plant condition category)


Workshop of European Harmonization process, Brussels March 2-3, 1999


Events Classification: CategorizationEvents Classification: Categorization
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Events Classification: Categorization, Events Classification: Categorization, 
ANSI/ANS 51.1ANSI/ANS 51.1


Five Plant Condition Categories (PCC)


1010--4 4 > F > F > 10> 10--6 6 55


1010--2 2 > F > 10> F > 10--4 4 44


1010--1 1 > F > 10> F > 10--2 2 33


F>10F>10--1122


Normal OperationNormal Operation11


BE freq.R.yBE freq.R.y--11Plant ConditionPlant Condition
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Further comparisons


Events Classification: Categorization, Events Classification: Categorization, 
ANSI/ANS 51.1ANSI/ANS 51.1
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Event Categorization into PCC


Events Classification: Categorization, Events Classification: Categorization, 
ANSI/ANS 51.1ANSI/ANS 51.1
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Verify Acceptance Criteria


Events Classification: Categorization, Events Classification: Categorization, 
ANSI/ANS 51.1ANSI/ANS 51.1
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Determine from regulation admisible damage for each PCC.


Events Classification: Categorization, Events Classification: Categorization, 
ANSI/ANS 51.1ANSI/ANS 51.1
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Determine from regulation admisible damage for each PCC.


Events Classification: Categorization, Events Classification: Categorization, 
ANSI/ANS 51.1ANSI/ANS 51.1
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Determine from regulation admisible damage for each PCC.


Events Classification: Categorization, Events Classification: Categorization, 
ANSI/ANS 51.1ANSI/ANS 51.1







IAEA Training Course on Safety Assessment 32


Events Classification, CommentsEvents Classification, Comments


– Safety analysis must verify all PIE stay within safety 
envelope


• Reducing frequency of occurence.


• Reducing damage:


Fuel design, radwaste capacity, scram, ECCS..


– Normal operation: managed by operation procedures, 
control & limitation systems. Don’t demand protection 
system actuation.


Use of realistic models.


Verification in plant start-up tests







IAEA Training Course on Safety Assessment 33


– Anticipated Operating Occurances (AOO) arrested by protection 
system


• Usually deterministic-conservative arena.
• Partially verified in start-up tests.


– Accident condition:
• Escalated AOO’s
• Direct PIE.
• Arrested by: protection system, operator action (EOP), Engineered 


safety features.
– Lower frequency events (f < 10-6 R Y-1 )


• BDB (beyond design basis)
• Use of PSA methods
• Realm of severe accidents.
• Arrested by any available means (SAMG).


Events Classification, CommentsEvents Classification, Comments
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Extended FrequencyExtended Frequency--Damage PlaneDamage Plane
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Example of PIEExample of PIE’’s Categorization: s Categorization: 
Normal OperationNormal Operation
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Example of PIEExample of PIE’’s Categorization: AOOs Categorization: AOO
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Example of PIEExample of PIE’’s Categorization: AOO s Categorization: AOO 
(PC(PC--2 Cont2 Cont’’d)d)
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Example of PIEExample of PIE’’s Categorization: AOOs Categorization: AOO
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Example of PIEExample of PIE’’s Categorization: s Categorization: 
AccidentAccident


Also include SBO, ATWS


Risk informed regulation may introduce noticeable changes
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Design Basis AccidentsDesign Basis Accidents
– Design basis: The range of conditions and events taken 


explicitly into account in the design of a facility, according to 
established criteria, such that the facility can withstand them 
without exceeding authorized limits by the planned operation 
of safety systems. Used as a noun, with the definition above. 
Also often used as an adjective, applied to specific categories 
of conditions or events to mean ‘included in the design basis’; 
as, for example, in design bases accident, design bases external
events, design basis earthquake, etc. (IAEA glossary)


– DB Event v.s. DBA


– Plant is designed to withstand up to cut-off freq. events, but not 
only.


– Evolutionary reactors also include severe accident in design.
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– Each AOO is design basis of the protection system, i.e.:


• High neutron flux (at power):


Uncontrolled rod withdrawal,


Excesive load increase,


Pressure drop in steam lines.


• High flux rate(+/-):


Rod ejection.


Rod misalignment.


• OTΔT:


Uncontrolled rod withdrawal.


Boron dilution (at power)


...


Design Basis AccidentsDesign Basis Accidents
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– Each reactor trip is finally designed by the limiting 
AOO/accident. This is periodically checked in the Reload 
safety assessment or periodic safety review


– Special care on the use of generic evaluations
– Special care on evolving core design concepts


• Mixed cores, low leakage, high burn up,...


– Core design may not be limited by a design basis accident.
– Special care on methodology changes:


• Use of statistical teatment of uncertainties
• Use of Best Estimate codes,  
• Relaxation of constraints
• ...


Design Basis AccidentsDesign Basis Accidents







IAEA Training Course on Safety Assessment 43


Example of margin recovery by methodology improvement


Yield limit


Safety limit


Licensing limit


Conservative result


Realistic result


Operational limit (t, xi; Rj)


Design
margin


Design Basis AccidentsDesign Basis Accidents
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– Strictly speaking DBA applies to accidents (infrequent & 
limiting faults) that design the Engineered Safety Systems 
and Emergency Procedures:


• Containment isolation.


• Containment cooling.


• Containment spray.


• Containment air treatment.


• Containment control of combustible gases


• Emergency core cooling system (ECCS)


• Residual heat removal (RHR)


• Auxiliary feedwater system.


• Control room habitability


Design Basis AccidentsDesign Basis Accidents
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– Basic required safety functions:


• Fuel coolability and limited fuel damage


• Containment integrity.


• Limited containment leakage.


• Scrubbing of fission products within the containment to drains.


– Standard accidents:


• LBLOCA, SBLOCA, steam line break, CRDM break. 


– Usually limiting accident is doubled ended Large break 
LOCA cold leg + loss of off-site power + minimum 
safeguards + DB earthquake.  


Design Basis AccidentsDesign Basis Accidents
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Beyond Design Bases Accidents & Beyond Design Bases Accidents & 
Severe Accidents.Severe Accidents.
To be considered in defence in depth strategy (NS-G-1.2)


OffOff--site emergency responsesite emergency responseMitigation of radiological consequences of Mitigation of radiological consequences of 
significant releases of radioactive materialssignificant releases of radioactive materials


Level 5Level 5


Complementary meausures and accident Complementary meausures and accident 
managementmanagement


Control of severe plant consitions, including Control of severe plant consitions, including 
prevention of accident progression and prevention of accident progression and 
mitigation of the consequences of severe mitigation of the consequences of severe 
accidentsaccidents


Level 4Level 4


Engineered safety features and Engineered safety features and 
emergency proceduresemergency procedures


Control of accidents within the design basisControl of accidents within the design basisLevel 3Level 3


Control, limiting and protection systems Control, limiting and protection systems 
and other surveillance featuresand other surveillance features


Control of abnormal operation and detection of Control of abnormal operation and detection of 
failuresfailures


Level 2Level 2


Conservative design and high quality in Conservative design and high quality in 
construction and operationconstruction and operation


Prevention of abnormal operation and of Prevention of abnormal operation and of 
failuresfailures


Level 1Level 1


Essential MeansEssential MeansObjectiveObjectiveLevelLevel
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– BDBA assume initial and or boundary conditions (hypothesis) not 
postulated in DBA because of their low credibility. i.e.:


• Initial cond.: Catastrophic SG tube failure.
• Vessel head break.
• Bound. cond.: degraded ECCS, loss of RHR...


– Not to confuse with AOO not adequately dealt with in the original 
Design Basis: ie.: BWR instability, use of software based control or 
protection systems, etc...


– Severe accident is a category of BDBA leading to core melt due to 
multiple failures.


– Progression: Core damage PSA-1
CD + RCS fail PSA-2
CD+ RCS fail + Containment fail PSA-3


Beyond Design Bases Accidents & Beyond Design Bases Accidents & 
Severe Accidents.Severe Accidents.
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Severe AccidentsSevere Accidents
– Already included in Nuclear Safety Convention:


• Preamble iv,v; art 6 (tech. clause)


– Prevention:
• Severe accident management guides (SAMG)
• International cooperation:”Convention on assistance in the case 


of a nuclear accident or radiological emergency”
• Additional equipment.


– Mitigation:
• Emergency response:


On-site
Off-site
International: “Convention on early notification of a 
Nuclear Accident”
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– Identification: Use of PSA
At power
Shut-down modes.


– Tools:
• Use of realistic assumptions, data, methods and decision criteria.


– Acceptance criteria.
• Probabilistic: risk thresholds + ALARP (assisting design and plant 


modifications)
Failure freq. of safety related systems
Freq. of core melt.
Freq. of specific release
Freq. of specific health, environmental, economic effects


• Deterministic:
Abort high pressure core melt sequences.
Abort Steam explosions (in-vessel, exvessel)
Abort global H2 detonations.
Avoid corium basemat penetration.
...


Severe AccidentsSevere Accidents
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Contribution to core damage


37%


20%10%


6%


5%


4%


4%


2%


12%


SB LOCA
Reactor &turbine trip
Loss of offsite power
SG Tube rupture
ATWS
VSBLOCA
Loss of feedwater
Interface LOCA
others


Severe AccidentsSevere Accidents
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Westinghouse UK 
AP1000® GENERIC DESIGN ASSESSMENT 


Resolution Plan for GI-AP1000-SI-06 
Structural Integrity Categorisation and Classification 


 
MAIN ASSESSMENT AREA RELATED 


ASSESSMENT 
AREA(S) 


RESOLUTION 
PLAN REVISION  


GDA ISSUE 
REVISION 


Structural Integrity - 4 0 
 


GDA ISSUE: Provide evidence to show that categorisation and 
classification has been applied in an appropriate manner 
to components with an important structural integrity claim. 


ACTION: GI-AP1000-SI-
06.A1 


Provide evidence to show that the principal design and 
construction codes adopted for Class 2 Pressure 
Equipment and Storage Tanks are consistent with ONR’s 
expectations as detailed within the SAPs, particularly 
ECS.3 and supporting paragraphs 157-161.  In particular, 
where non-nuclear Pressure Equipment and Storage 
Tank design and construction codes are used in the 
design of Class 2 components Westinghouse will need to 
fully justify each case to show the arguments and 
evidence which support the use on non-nuclear codes.  
The arguments and evidence should take account of:  


• the safety significance of the component;  
• the demands that are placed on the system in 


terms of loadings, fatigue, temperature etc, and;  
• the consequences of failure of pressure boundary 


in terms of both the loss of system function and on 
the Internal Hazards safety case.  


 With agreement from the Regulator this action may be 
completed by alternative means. 


ACTION: GI-AP1000-SI-
06.A2 


Provide evidence to show that components in AP1000® 
Equipment Class C have been assigned a class that is 
consistent with their intended duty and implied reliability. 
In particular Westinghouse need to provide arguments 
and evidence to show why it is appropriate to design and 
construct the Accumulator Tanks in the Passive Core 
Cooling System to ASME III Class 3 when previous 
designs of reactor would have designed and constructed 
the Accumulators to ASME III Class 2 in line with the 
guidance provided in ANS-51.1-1983.  The arguments 
and evidence should address:  


• the intended duty and implied reliability of the 
vessel, and;  


• provide evidence to justify why the AP1000 design 
has apparently downgraded the classification of 
the core cooling system from the criteria set in 
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ANS-51.1-1983.  
With agreement from the Regulator this action may be 
completed by alternative means. 


ACTION: GI-AP1000-SI-
06.A3 


Provide arguments and evidence to show that 
catastrophic failure of a reactor coolant pump bowl would 
not challenge the effectiveness of the vertical support for 
the Steam Generator.  
The reactor coolant pump bowl has been assigned a 
Standard Class 1 structural integrity classification.  It will 
be designed and constructed to ASME III, but this is not 
sufficient in its own right to discount the possibility of 
gross failure.  As a result it is necessary to address the 
consequences of failure of the pump bowl.   
Due to the proximity of the reactor coolant pump bowl to 
the Steam Generator vertical support it is not obvious that 
failure of the support can be discounted as not credible 
without sufficient evidence.  
Thus Westinghouse will need to provide the evidence that 
the effectiveness of the Steam Generator vertical support 
will not be challenged by the failure of the pump bowl in 
order to support the assignment of a Standard Class 1 
structural integrity classification for the pump bowl. 
With agreement from the Regulator this action may be 
completed by alternative means. 


RELEVANT REFERENCE DOCUMENTATION RELATED TO GDA ISSUE 
Technical Queries TQ-AP1000-1045 


Regulatory Observations RO-AP1000-18 


Other Documentation  
 


Scope of work: 
The key activities which will need to be completed to close this GDA Issue are: 


• Complete the arguments and evidence to support the claim that the appropriate 
design codes have been selected for UK Class 2 pressure equipment and storage 
tanks.   


• Justify that the components in AP1000 equipment Class C have been assigned a 
class that is consistent with their intended duty.  This will include justifying that the 
appropriate ASME classification has been assigned to the accumulators and 
connected AP1000 equipment class C components.   


• Provide evidence to demonstrate that an assumed failure of the reactor coolant 
pump (RCP) casing will not have indirect consequences that challenge the 
effectiveness of steam generator on a best estimate basis as described in UKP-
GW-GLR-004. 
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Description of work: 
Action 1 
The AP1000 UK Safety Categorisation and Classification Methodology was revised and 
submitted in May 2010 following extensive interaction with ONR on the topic.  The 
methodology categorises and classifies systems, structures, and components (SSCs) 
based on the safety function they perform and the importance they contribute to 
providing that function.  For each classification of equipment, the methodology specifies 
the design codes and standards used in the design of that equipment.  Tables are 
provided in the methodology that explicitly specifies the codes and standards associated 
with each Class1, Class 2, and Class 3 SSCs.   
 
In April 2011, ONR raised a new question regarding the design codes and standards 
associated with UK Class 2 pressure equipment and storage tanks.  Due to the late 
nature of this question inside Step 4 of GDA, Westinghouse was unable to provide a 
response within the defined Step 4 timeframe.  The ONR confirmed that the open 
question was limited solely to the completion of the justification for the codes and 
standards used for pressure equipment and storage tanks in Class 2 SSCs. 
 
To resolve this issue, Westinghouse will perform a review of pressure equipment and 
storage tanks that have been classified as UK Class 2.  For systems that contain Class 2 
equipment, Westinghouse will justify that appropriate codes and standards have been 
applied to the pressure equipment and tanks based on their safety significance.   
 
The UK Class 2 components are identified in the AP1000 UK Safety Categorisation and 
Classification of Systems, Structures, and Components report.  The UK Class 2 
pressure equipment and storage tanks are located in systems with relatively low design 
temperatures and pressures. As defined within the AP1000 UK Categorisation and 
Classification Methodology, Category A safety functions are supported by both passive 
and active equipment.  The primary means to accomplish Category A safety functions is 
using highly reliable passive safety systems designed to nuclear specific codes and 
standards.  The active UK Class 2 systems provide an additional means to accomplish 
these functions and minimise the need to actuate the passive safety features.  The 
justification will demonstrate that given the robust nature of the AP1000 passive systems 
and the absence of a nuclear code written explicitly for Class 2 pressure equipment and 
storage tanks, it is appropriate to design the Class 2 tanks and pressure equipment to 
non-nuclear codes and standards with supplemental quality requirements as 
appropriate.  This approach and justification has been used to justify the codes and 
standards implemented for Class 2 components in other technical areas such as 
mechanical engineering and civil engineering.  Following this approach will provide a 
consistent implementation for codes and standards for Class 2 components. 
 
Additional supplemental quality requirements are specified for UK Class 2 SSCs which 
perform defense in depth safety functions. These requirements are highlighted in 
Section 6.5.2 of the AP1000 UK Safety Categorisation and Classification Methodology 
and described in Chapter 17 of the European DCD.  The response to this action will 
further highlight these items to demonstrate additional quality measures are imposed to 
UK Class 2 components. 
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Action 2 
The AP1000 accumulators and connected equipment are classified as AP1000 
equipment Class C. In April 2011 ONR inquired why the accumulators were designed 
according to ASME Code, Section III, Class 3 as opposed to ASME Code, Section III, 
Class 2 as they are in some existing nuclear power plants.  The late nature of this 
question within the GDA process did not allow Westinghouse an opportunity to provide a 
response during GDA.     
 
The standard AP1000 safety classification methodology is provided in Section 3.2 of the 
European Design Control Document (EDCD), which was provided to ONR during Step 3 
of GDA.   
 
In addition to 10 CFR 50.55a, the standard AP1000 safety classification has been 
developed considering requirements and guidelines in the following: 


• ANSI N18.2 – safety classification 


• ANS 51.1 – safety classification 


• U.S. NRC Regulatory Guide 1.26 – Quality Groups 


• U.S. NRC Regulatory Guide 1.97 – instrumentation requirements 


• 10 CFR 21 
 


The specific classifications for various structures, systems, and components included in 
U.S. NRC Regulatory Guide 1.26, ANSI 18.2, and ANS 51.1 are based on a NPP with 
active safety systems and are not necessarily appropriate for the passive safety systems 
of the AP1000 design. Unlike the current generation of Light Water Reactors, the 
AP1000 design uses passive safety systems that rely exclusively on natural forces such 
as density differences, gravity, and stored energy to provide water and air for core and 
containment cooling. Recognising this difference, an appropriate classification 
methodology was developed by Westinghouse that adapted these guidelines for the 
AP1000 passive approach to safety.   This methodology was reviewed and approved by 
other international regulatory bodies as part of the AP1000 standard design approval.  In 
response to this action, Westinghouse will describe these adaptations and justify that 
they are adequate to provide the required system reliability.   
 
Equipment that is required to provide core cooling in the event of an accident and does 
not meet the criteria defined for AP1000 equipment Class A or B is classified as AP1000 
equipment Class C.  Class C is a safety related Class equivalent to ANS Safety Class 3.  
ASME Code, Section III, Class 3 applies to pressure retaining equipment in this class.   
 
Westinghouse will provide an assessment that compares the construction, fabrication, 
and inspection requirements between AP1000 Class B and C equipment.  The 
assessment will highlight the consequences of those differences in terms of design 
margin and worker dose exposure to demonstrate that the appropriate equipment has 
been assigned to AP1000 equipment Class C.   
 
Action 3 
The AP1000 RCP casing is manufactured from a single piece forging.  The pump casing 
is welded directly to the bottom of the steam generators (SG) and connected to the 
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Reactor Coolant System (RCS) cold leg piping.  The weld to the SG is assumed to be 
part of the SG, and the weld to the coolant piping is assumed to be part of RCS piping.  
Therefore, there are no welds directly associated with the RCP casing.   
 
A UK Structural Integrity Classification Assessment was conducted to determine if there 
was a need to classify any AP1000 primary components as either High Safety 
Significant (HSS) or High Integrity (HI).  The assessment is documented in UKP-GW-
GLR-004.  The assessment considered both the direct and indirect consequences of an 
assumed gross failure of a defined component.  The gross failure was generally 
considered to be a disruptive failure of the pressure boundary of the component along a 
defined weld.  The weld to the SG was classified as HSS due to potential concerns 
regarding a gross failure of the weld to the SG channel head could cause a disruptive 
failure of the channel head which could lead to failure of the vertical support of the SG.  
The assessment of the RCP primarily focused on the effects of the failure of the pump 
casing on the surrounding structure.  It did not directly consider the effects of a failure of 
the pump casing on the SG support.   
 
To resolve this action, Westinghouse will expand the assessment to examine the effects 
of a failure of the casing on the SG support.  The first step in the assessment is to 
determine what are credible fragment sizes for potential missiles resulting from a failure 
of the RCP casing.  Once the potential missile size is determined, a missile impact 
assessment will be completed that examines the effect of the failure on the SG support.  
The assessment will be based on the R3 or another equivalent methodology.  
 
The deliverables for Action 1 through Action 3 will be UKP-GW-GL-105, UKP-GW-GL-
106, and UKP-GW-GL-107 respectively.  
 


 
Schedule/ programme milestones: 
Please see the following page for the schedule. 
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# Activity Name


1 UK Generic Design Assessment (GDA) Resolution Plans (51)
2 STRUCTURAL INTEGRITY
3 SI.06 Categorisa on and Classifica on-Resolu on Plan
4 SI.06 UKP-GW-GL-105: AP1000® Plant Review of UK Class 2 Structures, Sys & Components (SSCs) (A1)
5 UKP-GW-GL-105-Submit to ONR
6 UKP-GW-GL-105-ONR Review of Submittal
7 UKP-GW-GL-105, Rev 1-Submit to ONR
8 UKP-GW-GL-105, Rev 1-ONR-Review of Submittal
9 SI.06 UKP-GW-GL-106: Assessment of AP1000® Plant Safety Class B and C (A2)
10 UKP-GW-GL-106-Submit to ONR
11 UKP-GW-GL-106-ONR-Review of Submittal
12 UKP-GW-GL-106, Rev 1-Submit to ONR
13 UKP-GW-GL-106, Rev 1-ONR-Review of Submittal
14 SI.06 UKP-GW-GL-107: AP1000® Plant Assessment of Reactor Coolant Pump to Steam Generator Weld (A3)
15 UKP-GW-GL-107-Submit to ONR
16 UKP-GW-GL-107-ONR Review of Submittal
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Methodology: 
Action 1 
Westinghouse will perform a review of systems that contain UK Class 2 SSCs and 
complete the justification that the codes and standards applied to the pressure 
equipment and storage tanks are appropriate given their role in supporting their safety 
functions and the demands the equipment is subjected to.   
 
Action 2 
The response will describe why it was necessary to adapt the existing guidance for the 
AP1000 plant relative to the codes and standards applied to the standard AP1000 
Class C components.  Westinghouse will provide an assessment that compares the 
construction, fabrication, and inspection requirements between AP1000 Class B and C 
equipment and demonstrate that the appropriate ASME Section III classification has 
been assigned to each AP1000 component classification.  The approach will 
demonstrate that the applied codes and standards will provide the necessary reliability 
for the components to perform their required safety functions.   
 
Action 3 
R3 or another equivalent methodology. 
 


 
Justification of adequacy: 
Action 1 
Please refer to the description of work.  The justifications for pressure equipment and 
tanks classified as UK Class 2 SSCs will complete the demonstration that the 
appropriate codes and standards have applied to the design of the identified UK Class 2 
SSCs.  The justification will demonstrate that the appropriate codes and standards have 
been applied to Class 2 pressure equipment and storage tanks to allow them to reliably 
perform their intended functions relative to the overall AP1000 approach to safety.  This 
is the same approach as what has been used for the justification for the codes and 
standards used for Class 2 components in other GDA review areas such as mechanical 
engineering and civil engineering.  This provides confidence that a successful resolution 
will be reached following this approach.   
 
Action 2 
Please refer to the description of work.  The response will demonstrate that the standard 
AP1000 safety classification methodology for equipment Class C components is 
appropriate considering the differences in design margin and worker dose exposure 
compared to the design standards used for AP1000 equipment Class B components.  
The response will demonstrate that adaptations of the existing historical guidance for 
classification of standard AP1000 Class C SSCs is appropriate.   
 
Action 3 
Please refer to the description of work.  The proposed evaluation will demonstrate that 
missiles generated assuming a gross failure of the RCP casing should not lead to 
significant core damage and containment failure.    
 
Timely closure of the actions defined in this Issue will be reached through maintaining 
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quality interaction with ONR and using existing processes to assure closure of open 
items. 
 


 
Impact assessment: 
The Safety Submission Documents (Pre-Construction Safety Report (primarily Chapter 
20), Environment Report and its supporting documents, Design Reference Point, Plant 
Life Cycle Safety Report, Master Submission List and Roadmap) will be updated as 
appropriate.  
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9.       Nuclear plant operators buy old equipment

 

 

10.   Comparison (countries)

 

According to US GAO, B-285226, June 30, 2000, NRC has identified four new performance goals:

 

1              to maintain safety and protect the environment, common defense, and security (performance measures are identified for this goal; but
not for the rest, because ensuring public health                    and safety from the operations and activities of its licensees is its primary statutory
responsibility);

2              increase public confidence;

3              make its activities more effective, efficient, and realistic; and

4              reduce unnecessary regulatory burden on stakeholders.

 

NRC has worked with industry to determine the number of additional license renewals that can be expected over the next several years. NRC has
said that its workload is moving away from decommissioning and towards license renewal.
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