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Background  

• Significant advancements in our understanding 
of seismic hazard processes have occurred 
since the existing fleet of reactors was licensed.  

• New data has been acquired and models have 
been developed in the past 30+ years that 
suggest significantly different assumptions than 
those used in licensing of existing fleet. 

• This information indicates that previous 
assumptions regarding seismic hazards were 
not bounding 

• Evaluation of the impact of these changes on 
plant safety is not straightforward. 
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Time 

1973 1997 2007 

1994 2005 

Department of Energy 

And National Codes 
DOE Std. 1020 ASCE 43-05 

Performance   

Based Seismic  

Design 

Regulatory Framework Has  

Evolved Through Time 

NRC  

Guidance 
Reg. Guide 1.60 Reg. Guide 1.165 Reg. Guide 1.208 

Pre-1997: 

10 CFR 100.10(c)(1) 

Appendix A, 10 CFR Part 50 

General Design Criteria 2 

Post-1997: 

10 CFR 100.23 

Appendix S, 10 CFR Part 50 

General Design Criteria 2 

Deterministic Probabilistic 



Seismic Design/Analysis For 

Nuclear Plants  

1 

2 

3 

4 



Safe Shutdown Earthquake 

Ground Motion or SSE  

  

No site-

specific  

insights 

regarding 

shape 



Beyond Design Basis 

Seismic Evaluation and 

Generic Issue 199 (GI-199)  

• Recently available seismic data and models show increased 

seismic hazard estimates for some sites relative to existing design 

bases  

• Formally recognized as an issue for operating reactors in 2005 as 

Generic Issue 199  

• Safety/Risk Assessment completed (2010) 

• GI-199 Safety/Risk Assessment identified significant challenges to 

performing site-specific assessments at all operating reactors 

– Required updated seismic hazards at all sites in a timely 

fashion 

– Required information on beyond-design basis events that was 

suitable for use in a risk-informed decision-making process  

• Subsumed into Fukushima Near-Term Task Force 

Recommendation 2.1 (2012) 



Pre-2011: Relevant NRC 

Seismic Research 

• Development of state-of-the-art seismic source 

characterization (CEUS-SSC) and ground motion 

(NGA-East) models for the central and eastern-U.S.  

• Updating of the protocols for conducting hazard 

studies where significant uncertainties exist in the 

data, models and methods (SSHAC Guidelines) 

• Methodology to incorporate uncertainty in site-

response into seismic hazard calculations  

– Use of random-vibration theory 

– Development of software tools 

– Two-dimensional effects 

 

 



Fukushima Accident: 

Background on NRC Response 

• NRC established Near Term Task Force (NTTF) in 
response to the accident at Fukushima Dai-ichi nuclear 
power plant 

• NTTF Recommendation 2.1 (Seismic) implemented 
through 10 CFR 50.54(f) information request 
– Requests Licensees reevaluate seismic hazard using present-

day regulatory guidance and methodologies and, if necessary, 
perform a risk assessment (Phase 1) 

– Current NRC regulations and guidance specify a probabilistic approach 
for developing design ground motions 

• Results are characterized by a Ground Motion Response Spectrum 
or GMRS—which is compared to SSE 

– Based on results of Phase 1, NRC will determine if further 
regulatory actions are necessary to protect against updated hazard 
(Phase 2) 
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Examples of NTTF R2.1 

Evaluation and Screening 

Plants grouped based on relative amplitude of  

SSE and updated hazard (GMRS) between 1 and 10 Hz 



NTTF R2.1: Screening & 

Prioritization Results 
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Final Results for 
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Plant Sites: 

25 Screen-Out 

13 Group 3 
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Results for  

Western U.S. 

Plant Sites: 

Ongoing 



Research Insights from 

Fukushima NTTF R2.1 

Process  

• NRC staff reviewed licensee submittals and has 

performed independent confirmatory analyses for 

more than 50 plant sites (~90 reactors).  

• This process identified specific issues requiring 

further research including:   
– specific guidance on characterizing existing sites where the 

available data on geological and geotechnical properties is 

less robust than current practices would require  

– characterization and treatment of the uncertainty in the 

calculation of site response  

– techniques for recognizing and addressing sites where 

significant two- or three-dimensional effects may influence site 

response. 
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Research Insights from 

Fukushima NTTF 2.1 

Process (cont’d) 

• Focus of NTTF 2.1 changing from seismic hazard 

assessment to risk evaluation- NRC staff has 

identified additional research topics of importance 
– Representing uncertainty in site response in an un-biased 

manner during the process of transferring motions from near-

surface soils/rock into the structures  

– Evaluating different methodologies for soil-structure 

interaction (SSI) calculations recognizing the epistemic 

uncertainty inherent in those calculations  

– Identifying consistent, efficient, robust methods for developing 

fragility estimates utilizing available design data to support 

probabilistic risk analyses 

– Incorporation of earthquake experience data into assessment   



Summary  

• Significant advancements in our understanding of seismic 
hazard processes have occurred since the existing fleet of 
reactors was licensed 
– These advancements pose regulatory challenges  

• Focused seismic-related research has been instrumental in 
responding to Fukushima NTTF Recommendation 2.1  
– Has provided a risk-informed method to evaluate the potential 

safety significance of evolving state-of-the art scientific 
knowledge 

– Response to Fukushima accident lead to development of 
protocol for assessment of operating reactors  

• A number of important future research objectives have been 
defined as a result of Fukushima response 
– Hazard issues- uncertainty in ground motion models, site 

response and induced seismicity 

– Structural and risk issues- fragility and in-structure response 
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List of Acronyms 

• ASCE – American Society of Civil Engineers 

• CDF – Core Damage Frequency 

• CEUS – Central and Eastern United States 

• GMRS – Ground Motion Response Spectrum 

• NRC – U.S. Nuclear Regulatory Commission 

• NTTF – Near-Term Task Force 

• SCDF – Seismic Core Damage Frequency 

• SSE – Safe Shutdown Earthquake 

• SSHAC – Senior Seismic Hazard Analysis Committee 

• SSI – Soil-Structure Interaction 

• SPID – Screening, Prioritization, and Implementation  Details 

• WUS – Western United States  
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Background/Discussion Slides 



History of Seismic Reevaluations 

SEP 

USI-A46 

IPEEE 

GI-199 

NTTF 

R2.1 

Systematic 

Evaluation Program 

Unresolved Safety 

Issue-A46 

Individual Plant 

Examinations for 

External Events 

Generic Issue-199 

Near Term Task 

Force 

Recommndation2.1 

1977- 

1990 

1980s 

1990s 

2005- 

2012 

2012- 

Ongoing 

Limited seismic reassessment of older NPPs. 
Resulted from development of seismic building 

codes in the 1970s, changes in hazard 
assessment, and other improvements. 

Seismic operability of equipment in older NPPs. 
Resulted from development of seismic 

qualification of equipment. SQUG formed by 
industry. Assessment approaches developed. 

Evaluation at or beyond design loads. Generally 
qualitative with emphasis on risk insights. 

Resulted from increased awareness of potential 
for beyond DBE loads & advances in SPRA. 

Assess implications of updated seismic hazard 
estimates in the CEUS. Resulted from ESP 

applications at co-located NPPs 

Reevaluation of seismic and flood hazard and risk 
as one of many recommendations in the NTTF 
report published after the Fukushima Daiichi 

accident. 
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Recommendation 

2.1:  Seismic  

GMRS > SSE? 

NRC 
Screening/Prioritization 
 

Develop SPRA Develop SMA  

Submit SPRA results and 
SFP evaluation 

Submit SMA results and 
SFP evaluation 

No 

Yes 

Submit proposed actions, 
if any, to evaluate seismic 

risk contributors 

Phase 2 9 

7b 

6b 

8 

1 

3 

5 

No further 
action 

4 

6a 

7a 

SPRA SMA 

Submit new seismic hazard 
curves, GMRS, and interim 

actions 

Develop new seismic hazard 
curves and GMRS 
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  2012 2013 2014 2015 2016 2017 2018 2019 2020 

Hazard 

Development 
  

                

Expedited  

Evaluations 
          

Risk Evaluations 
                

Higher Priority   
  

Lower Priority   

                

Schedule for Seismic Hazard 

and Risk Evaluations 
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Group 1 

Only plants 
with new 

seismic hazard 
exceeding 

design basis 

All plants 

Hazard Analyses 

Enhanced Interim Actions 
 

 

 

WUS 

Group 3 (if needed) 

WUS 

Group 2 

Risk Evaluations 

plant mods 

plant mods 
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• PSHA develops plant-specific GMRS (RG1.208) 

• CEUS licensees (96 units/59 sites) 
– CEUS SSC Source model (NUREG 2115) 

– EPRI Ground Motion model (2013) 

– Plant-specific site response analysis 

• WUS licensees (8 units/4 sites) 
– Site-specific SSHAC level 3 studies for sources and ground 

motion (NUREG 2117) 

– Plant-specific site response analysis 

 

 

NTTF R2.1 Seismic Hazard Reevaluations 

use Current Methods and Information  
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Example Seismic Hazard 

Curves: PSHA Output 
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Risk Metric: Computing 

Seismic Core Damage 

Frequency (SCDF) 
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Over a small range of accelerations, the SCDF 

contribution is the product of: 

• The frequency of earthquakes with 

accelerations in the range, and 

• The probability of core damage given 

acceleration within the range 

 

Add up the contributions over all accelerations. 



Example Generic Soil Amplification 

Functions 

27 

0

0.5

1

1.5

2

2.5

3

0 0.25 0.5 0.75 1

A
m

p
 F

a
c
to

r 

PGA (g) 

PGA:Soil/Rock S-I

S-II

S-III

S-IV

S-V

0

0.5

1

1.5

2

2.5

3

0 0.1 0.2

A
m

p
 F

a
c
to

r 

SA (g) 

1.0 Hz SA: Soil/Rock 
S-I

S-II

S-III

S-IV

S-V

SALEM

MEDIAN CURVES 



Senior Seismic Hazard 

Analysis Committee 

(SSHAC) 
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SSHAC Process 

Objectives 

• Create reproducible, stable estimates of probabilistic 

seismic hazard at a site.  This provides greater 

regulatory assurance. 

• Obtain this stability by: 

– Evaluation: Considering the data, models, and methods of 

the larger technical community 

– Integration: Building models that represent the center, body, 

and range of technically defensible interpretations. 

• Assess uncertainties in the input data and quantify 

uncertainties in the results. 

 



Determination of the Safe Shutdown 

Earthquake (SSE) 

For tectonic 

structures, assume 
that the epicenter 

of the largest 
historic 

earthquake is 
situated closet to 

the site 

10 CFR Part 100, App. A 

The SSE is the 

earthquake that 
provides the maximum 

vibratory acceleration at 
the site. 

boundary of 
tectonic province 

tectonic structure 

historic earthquake 

largest historic 
earthquake 

largest historic 
earthquake at closest 
point to the site 

LEGEND 

site 

When the epicenter of 

the largest historic 
earthquake cannot be 

related to a tectonic 

structure, assume that 

the epicenter is at the 
closet point to the site 

on the boundary of the 

tectonic province 

Empirical attenuation 

relationships are used to 
determine the site acceleration 

resulting from an earthquake 
having a given “size” (measured 

in magnitude or intensity) and 
distance from the site. 
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