
 
 

 

 
  

 
 
 

July 2, 2018 
. 

MEMORANDUM TO:  Eric R. Oesterle, Chief  
       License Renewal Projects Branch  
       Division of Materials and License Renewal  
       Office of Nuclear Reactor Regulation   
 
FROM:    Bennett Brady, Senior Project Manager /RA/ 

     License Renewal Projects Branch 
                Division of Materials and License Renewal  

     Office of Nuclear Reactor Regulation   
 
SUBJECT:  SUMMARY OF THE MAY 17, 2018, NEI SUBSEQUENT LICENSE  
   RENEWAL CONCRETE WORKSHOP 
 
On May 17, 2018, the U.S. Nuclear Regulatory Commission (NRC) staff participated in a 
workshop hosted by the Nuclear Energy Institute (NEI).  The purpose of the meeting was to 
share information and research results on two significant topics to be addressed by nuclear 
power plants (NPPs) in their applications to operate from 60 to 80 years, known as the 
subsequent period of extended operation.  The two topics related to establishing plant-specific 
program(s) to address alkali-silica reaction (ASR) in concrete and the effects of irradiation of 
concrete.  The NRC guidance documents for subsequent license renewal (SLR) recommend 
that applicants address each of these two topics with further evaluations (FEs) and plant-
specific programs, if needed.  EPRI presented data and methods that may be useful to utilities 
in preparing their SLR applications and to NRC staff in reviewing these applications. 
 
Opening remarks 
 
Jerud Hanson, NEI; Eric Oesterle, NRC; and Sherry Bernhoft, EPRI, welcomed the participants.  
Sherry noted that unlike the other meetings related to SLR that have focused on the research 
plans and the research being conducted, this meeting was discussing only the results and 
products of research.  The goal is to provide applicants for SLR the tools, methods, and data 
that will aid them in developing acceptable aging management programs (AMPs) for approval of 
their applications. 
 
NEI Overview 
 
Jerud Hanson provided the roadmap or timeline for SLR and noted that all activities had been 
completed on schedule.  One utility has already submitted an application for SLR, another is 
expected to be submitted in third quarter of 2018, and two more utilities plan to submit 
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applications in 2019 and 2020.  This is more than had been expected in 2016 when NEI first 
surveyed the industry on their plans for submitting a subsequent license renewal application 
(SLRA).  NEI will provide an updated table of the number of applications expected to submit 
applications from 2018 to 2047. 
 
This updated information will be helpful to the NRC as it performs its workload planning and 
budgeting efforts.  
 
The NEI overview slides may be accessed in the NRC’s Agencywide Documents Access and 
Management System (ADAMS) at Accession No. ML18171A102. 
 
NRC Overview 
 
Bennett Brady gave a presentation on 1) the history of NRC’s development of their program for 
SLR, 2) the most significant changes in guidance for SLRs from that for initial license renewals, 
and 3) the review process changes for SLR applications to achieve the goal of completing SLR 
reviews in 18 months.  The most significant changes in SLR guidance associated with programs 
for age managing concrete and containments are the FE for Alkali-Silica Reactions (ASR) and 
irradiation of concrete - the focus of discussions at this concrete workshop. 
 
The NRC overview slides may be accessed in the NRC’s ADAMS at Accession No. 
ML18137A135. 
 
EPRI Overview 
 
Emma Wong, EPRI, discussed the goals and objectives of EPRI‘s Long-Term Operations 
Program to provide the technical basis for utility decisions to operate through extended life 
times; to support the business case for life extension and refurbishment; to provide the 
technology to manage plant assets through aging management, asset management, and risk 
management; and to address safety, performance, and costs.  
 
Ms. Wong also discussed their research focused on the four major issues for SLR, including a 
list of the EPRI reports on ASR and irradiation of concrete:  

• reactor pressure vessel neutron embrittlement at high fluence;  
• irradiation-assisted stress corrosion cracking of reactor internals and primary system 

components;  
• concrete and containment degradation, and  
• electrical cable qualification and condition assessment 

 
Additionally, she included a list of EPRI reports on ASR and irradiation of concrete.   
 
EPRI has an “electronic Reading Room” that will be available to NRC research staff (not for 
external use) to view selected EPRI Reports for NRC staff information only.  
 
The EPRI overview slides may be accessed in the NRC’s ADAMS at Accession No. 
ML18171A101. 
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ASR- EPRI Overview 
 
Sam Johnson, EPRI, presented an approach to detecting and managing ASR affected 
structures.  The approach begins with a visual inspection of accessible concrete to look for 
areas that exhibit symptoms of potential ASR degradation, an assessment of the concrete 
reinforcement, review of data, a more detailed walkdown of areas of interest, an evaluation of 
the functionality of systems that may have been affected by structural movements, structures 
and components, petrographic analysis to confirm ASR, and periodic monitoring.  Additionally, 
further actions could be taken to address any potential loss of safety system functionality. 
 
The EPRI overview slides on ASR may be accessed in the NRC’s ADAMS at Accession No. 
ML18171A100. 
 
ASR – NEI License Renewal Civil Structural Working Group  
 
Scott Walden, Chair of the NEI License Renewal Civil Structural Working Group, expressed the 
working group’s opinion that the research gap on ASR has been closed and that the instances 
where ASR has been found and resulted in functionality concerns are rare but have existed.  He 
also recommended a program of inspecting all accessible concrete, identifying areas that are 
leading indicators of ASR, and periodic monitoring.  He did not recommend evaluation and 
modeling of microscopic cracks as this has the potential to be excessively conservative. 
 
ASR - NRC/Office of Nuclear Reactor Regulation (NRR) Perspective 
 
George Thomas, NRC, reviewed the technical basis and concerns regarding alkali-silica 
reactions in structural concrete. 
 
The revised NRC guidance on ASR in the SRP-SLR recommends an FE to determine if a plant-
specific AMP is required to manage this aging effect.  A plant-specific AMP is needed if plant-
specific operating experience (OE) with ASR has been identified at the site.  If visual indications 
of potential ASR are found, it is recommended that the applicant positively confirm the presence 
or absence of ASR by petrography and/or reactivity tests as part of the determination of the 
need for a plant-specific AMP.  The plant-specific AMP submitted will be reviewed against the 
acceptance criteria for AMP program elements in Appendix A.1 of the Standard Review Plan for 
Review of Subsequent License Renewal Applications for Nuclear Power Plants (SRP-SLR).  If 
there is no plant-specific OE of ASR, no plant-specific AMP is needed; however, accessible 
areas should be monitored for visual indications of ASR by visual inspection using the Generic 
Aging Lessons Leaned for Subsequent License Renewal (GALL-SLR) Report AMP applicable 
for general aging management of a given concrete structure.  It is important that the aging effect 
should not be considered as “not applicable” based on aggregates passing ASTM aggregate 
screening tests or concrete meeting ACI standards, at the time of construction. 
 
The NRC slides on ASR may be accessed in the NRC’s ADAMS at Accession No. 
ML18137A133. 
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ASR - NRC/Office of Nuclear Regulatory Research (RES) Perspective  
 
Jacob Philip discussed the RES program to provide data and analyses to support regulatory 
guidance update for ASR-affected NPPs through their operating life, including SLR.  The tasks 
are: 

Task 1:  Assessing In-Situ Mechanical Properties of ASR-Affected Concrete  
Task 2:  Assessing Development and Lap-Splice Lengths of Reinforcing Bars in ASR-
Affected Concrete 
Task 3:  Evaluating Seismic Response Characteristics of ASR-Affected Concrete 
Structural Members 
Task 4:  Estimating the Degree of Reaction in ASR Affected Concrete and the 
Corresponding Expansion 
Task 5:  Predicting Future and Ultimate ASR Expansion in ASR-Affected Concrete 
 

 The NRC slides on ASR research may be accessed in the NRC’s ADAMS at Accession No. 
ML18137A274. 
 
Discussion 
 
During the presentations a question was raised that Scott Walden addressed and replied: 
 
1. In response to a question from Eric Oesterle, NRC, related to inspections performed by 

others i.e. system engineers in inspecting areas for potential ASR.  Scott Walden replied 
that the responsible civil/structural engineer may use others to assist in identifying potential 
areas of concern, i.e. water in-leakage, concrete cracking, symptoms of component 
movements, etc.  It is still the responsibility of the civil/structural engineer to perform any 
evaluation or further investigation. 

 
Irradiation of concrete - EPRI Overview 
 
Emma Wong and James Wall, EPRI, discussed the results of EPRI’s research on effects of 
irradiation on the concrete biological shield (CBS) and the reactor pressure vessel (RPV) 
concrete support structures for all the US PWRs and BWRs.   
 
Biological shield concrete is subject to neutron fluence (E>0.1 MeV), gamma radiation and 
sustained elevated temperature.  The fluence level on the biological shield after 80 years of 
operation were estimated for all plants.  For BWRs, it was estimated that irradiation neutron 
fluence (E>0.1 MeV) for the BWR biological shield and reactor pressure vessel support pedestal 
will not exceed the neutron fluence threshold of 1 x 1019 n/cm2.  Radiation heating is not likely to 
exceed American Concrete Institute (ACI) recommended limits in the PWR biological shield.  
Data indicates that neutron irradiation above the threshold of 1.0 E+1019 n/cm2 (E>0.1 MeV) 
may result in volumetric expansion, and a decrease of concrete compressive strength, tensile 
strength, and modulus of elasticity.  However, results indicate that neutron fluence levels will 
drop below the neutron fluence threshold within a small distance into the concrete biological 
shield concrete as the neutrons attenuate in the concrete. 
 
EPRI outlined an approach for SLR applicants to address the SLR FE through calculating the 
neutron fluence and gamma dose at 80 years of operation, and for areas that may exceed the  
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neutron fluence threshold an approach to assess potential changes to available structural 
design capacity as a result of irradiation and high temperature over a long period of operation.   
 
James Wall also discussed a method that EPRI is developing to estimate the gamma radiation 
dose at the concrete biological shield through a correlation with the fast neutron flux (RPV OT 
location). 
 
The EPRI slides may be accessed in the NRC’s ADAMS at Accession No. ML18171A092 and 
ML18171A093. 
 
Irradiation of Concrete - NRC/NRR Perspective 
 
George Thomas, NRC, discussed the revised guidance for applicants for SLR for irradiation of 
concrete.  The FE in the SRP-SLR recommends that applicants do a FE of the neutron fluence 
(E>0.1 MeV) and gamma radiation dose.  If the fluence and gamma radiation dose are less than 
the two thresholds in the SRP-SLR, and there is no operating experience indicating that 
irradiation of concrete has impacted safety function then the FE does not recommend any 
further analysis.  If the fluence level and gamma dose are above the threshold or if there is 
operating experience impacting intended functions, then the applicant should develop a plant-
specific program to address the aging effects of reduction of strength and loss of mechanical 
properties due to irradiation and irradiation heating. 
 
However, if applicants cannot meet the FE threshold criteria, the applicants can opt to perform a 
damage analysis, provide an AMP, develop a modification, or other method to address the 
aging effects of reduction of strength and loss of mechanical properties due to irradiation and 
irradiation heating.  The applicants must demonstrate the continued ability to perform intended 
functions through the subsequent period of extended operation.  The SLRA should clearly 
indicate the existence or provide a reference to plant-specific calculation/analysis. 
 
The NRC slides may be accessed in the NRC’s ADAMS at Accession No. MLl18137A133. 
 
Irradiation of concrete - NRC/RES Perspective 
 
Mita Sircar explained that the objectives of the RES confirmatory research are to verify 
estimates of the expected level of neutron fluence and gamma dose on concrete for the SLR 
period and of the propagation of radiation through concrete sections.  The goal is also to 
understand concrete degradation due to radiation, the damage depth under structural 
constraints, and structural significance for long-term operations.  The goal of RES is to provide 
confirmatory analysis of industry’s research and to provide technical bases to support potential 
updates to NRC regulatory guidance. 
 
Ms. Sircar also presented a graph showing the estimated 80-year neutron fluence (E>0.1 MeV) 
on concrete for 2, 3, and 4 loop PWRs with respect to the threshold in the SRP-SLR FE.  A 
similar slide was also presented by Emma Wong of EPRI where Brian Wittick, NRR, had 
pointed out that using an assumption of linear fluence by year, the graph would appear to 
indicate that many of the PWRs may exceed the GALL-SLR threshold fluence level prior to the 
SLR period of extended operation  
 
The NRC/RES slides may be accessed in the NRC’s ADAMS at Accession No. ML18137A134. 
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Discussion 
 
Following the presentations, discussions were held on the topics presented.  Questions were 
raised that EPRI addressed and replied: 
 

1. In response to a question from Andrew Prinaris (NRR) related to RIVE expansion in 
concrete, EPRI offered to clarify how estimates of expansion were made and applied. 
 
Response: The expansion data presented in “Structural Effects of Radiation-Induced 
Volumetric Expansion on Unreinforced Concrete Biological Shields,” (Y. Le Pape, 
Nuclear Engineering and Design, 2015,) were used as input into the evaluation model to 
simulate Radiation Induced Volumetric Expansion (RIVE) swelling.  
 
For the presented evaluation model, RIVE was applied using an ANSYS material model 
that allows for swelling as a function of fluence.  The ANSYS swelling model parameters 
are selected so that the resulting swelling strain vs. fluence matches closely Zubov’s 
model within the fluence range applicable to the specific nuclear plant that would 
perform the evaluation.  Parameters of the Zubov’s model were obtained as explained in 
the Le Pape paper by best fit of available test data which covered various types of 
concrete.  As such, the model used is not considered biased for specific aggregate type.  
The conclusion of the report was that RIVE has the potential to only affect the inner 
inches of concrete in the concrete biological shield (CBS).  If the fluence at the inside of 
the concrete exceeds the threshold level, an individual plant analysis is recommended to 
assess the impact of RIVE. 
 

2. Jinsuo Nie (RES) questioned the treatment of uncertainties.   
 
Response: The primary inputs to the analysis are RIVE vs. fluence and concrete 
compressive strength vs. fluence.  Other input parameters like modulus and tensile 
strength are of secondary importance.  As described in the previous answer, the input 
data for RIVE uses a best fit of available test data.  This is considered appropriate since 
the concrete compressive strength versus fluence is based on the median property 
values obtained from the available tests of irradiated concrete.  
 
The minimum specified concrete strength is generally conservative relative to the actual 
strength of the concrete in the plant today.  Experience shows that the measured median 
28-day core test results are typically higher than the minimum specified strength.  Also, 
as the concrete ages, the strength increases due to continued hydration of the cement 
per Section 2.3.1 of NEI 07-13.  This increase in strength is traditionally not credited in 
design calculations, but it is important when considering uncertainties associated with 
strength reduction from environmental effects.  
 

3. Mita Sircar (RES) asked about the inspection and monitoring possibilities of biological 
shield RPV support structure.  

 
Response: The industry representatives at the meeting responded that inspection and 
monitoring is performed and the methods vary due to differences in plant-specific 
designs and accessibility. 
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4. Brian Wittick (NRR) asked how OE is gathered.  
 

Response: At this time, EPRI is not aware of OE that is directly attributable to irradiation 
damage.  EPRI, DOE-LWRS, NRC, and several international research organizations 
participate on the International Committee on Irradiated Concrete (ICIC), a forum for 
sharing OE and recent research results. 

 
Action Items 
 

1. NRC to prioritize the plant-specific or design-specific data sought by RES to support 
confirmatory evaluations of the EPRI guidance.   

2. Jerud Hanson (NEI) will pass NRC’s information request through NEI to the CSWG. 
3. NRC staff to discuss what actions, if any, need be taken to address the estimated levels 

of neutron fluence threshold at the concrete biological shield in PWRs. 
 
Closing Remarks 
 
Eric Oesterle, NRC, thanked NEI for hosting this informative meeting and indicated that the 
information provided in the presentations and issued in EPRI reports may be useful to utilities in 
preparing their SLRAs and developing plant-specific analyses and/or AMPs to address the FES 
discussed in SLR guidance documents.  It did not appear that we are at a point yet where, even 
based on the recent research results that generic programs or guidance can be developed.  
However, additional research may yield, information that could potentially be used by NRC to 
develop generic guidance for SLRs in the future through interim staff guidance or generic 
communications such as Information Notices or Regulatory Information Summaries. 
 
Mr. Oesterle thanked the presenters and indicated that the presentations provided would be 
made publicly available as part of an NRC meeting summary and that future meetings on these 
or other topics for SLR, as necessary, may be scheduled as public meetings. 
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