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ABSTRACT 

 

The U.S. Nuclear Regulatory Commission (NRC) amended its regulations to provide an alternative 

approach for establishing the requirements for treatment of structures, systems, and components (SSCs) for 

nuclear power reactors using a risk-informed method of categorizing SSCs according to their safety 

significance. The NRC’s 10CFR50.69 (2004) process allows a plant to categorize the safety significance 

of its SSCs using a robust categorization process defined in Nuclear Energy Institute (NEI) 00-04, 

10CFR50.69 SSC Categorization Guideline, as endorsed by the NRC in Regulatory Guide 1.201.  The 

risk-informed categorization process helps focus attention on SSCs that are the most important to plant 

safety while allowing increased operational flexibility for SSCs that are less important to plant safety.  The 

Electric Power Research Institute (EPRI) has completed a research project with the objective of developing 

alternative approaches to the Seismic Probabilistic Risk Assessment (SPRA) for plants to provide the 

necessary seismic risk insights within the 50.69 categorization process.  The purpose of this paper is to 

summarize the results of this EPRI research project. 

 

BACKGROUND 
 

Nuclear Energy Institute (NEI) 00-04 (2005), as endorsed in Regulatory Guide 1.201 (USNRC, 2006), is 

one acceptable method for conducting a risk-informed categorization of structures, systems and components 

(SSCs) that provides evidence and confidence that SSCs will be categorized in a robust and integrated 

process consistent with 10CFR50.69(c)(1)(iv) (USNRC, 2004).  The categorization process is performed 

for entire systems, one or more systems at a time, to ensure that all functions (which are primarily a system-

level attribute) for a given component within a given system are appropriately considered. 

 

The process described in NEI 00-04 contains a number of key elements which are used to arrive at 

a preliminary component categorization (i.e., High Safety Significant (HSS) or Low Safety Significant 

(LSS)).  These key elements include internal events PRA and external events risk considerations along with 

a defense-in-depth assessment and a passive categorization assessment.  Figure 1 depicts this categorization 

process as a function of the original safety related and non-safety related classifications for plant 

equipment.) 
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Figure 1 - Risk Informed Categorization for 10CFR50.69 (NEI, 2005) 

 

One of the key external hazards that is required to be considered in the 50.69 categorization process 

is seismic.  Safety-significant SSCs are designed to withstand the effects of earthquakes and to maintain 

the capability to perform their intended safety functions.  Several codes and standards govern aspects that 

directly affect the seismic margins inherent in the nuclear plants along with the estimation of the seismic 

risks, including standards from the American National Standards Institute (ANSI), American Society of 

Mechanical Engineers (ASME) Boiler and Pressure Vessel Code (BPVC), American Concrete Institute, 

and the Institute of Electrical and Electronics Engineers (IEEE).  Historically, when significant new seismic 

hazard information or new seismic capacity information became available, an assessment of this new data 

and models was undertaken to assess the impacts of this new data/methods.  Several such major seismic 

reassessments have taken place in the United States that have impacted the majority of the nuclear plants 

in the fleet, including the following. 

 

1. Unresolved Safety Issue A-46 (Generic Letter 87-02) (USNRC, 1987) – Operability of safety 

related equipment subjected to earthquakes 

2. Individual Plant Examination of External Events (IPEEE) For Severe Accident Vulnerabilities – 

10 CFR 50.54(f), (Generic Letter No. 88-20, Supplement 4), (USNRC, 1991) – Seismicity of sites 

and beyond design basis evaluation 

3. NRC Fukushima 50.54(f) letter (USNRC, 2012) – Post Fukushima seismic reviews 

 

The insights and conclusions from these seismic programs provide a good calibration for the 

proposed categorization of seismic risk/margin insights within the 50.69 categorization process. 

 

APPROACH 

 

The current approaches in NEI 00-04 (2005) for considering seismic risks in the categorization process 

include the following options: 
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• An SPRA can be used with specified risk ranking and sensitivity studies to determine seismic 

related HSS SSCs; it is expected that an SPRA used for this purpose would meet RG 1.200 

(USNRC, 2009). 

• An IPEEE Seismic Margins Assessment (SMA) equipment list can be used where all of the SSCs 

on the equipment list are designated HSS. 

• If the SPRA CDF is a small fraction of the internal events CDF (i.e., <1%), then safety significance 

of SSCs considered in the SPRA can be considered LSS from a seismic perspective. 

 

There are a number of plants that do not fit into any of these options. These are typically plants 

with moderate seismic hazards that did not use an SMA for their IPEEE response and were not required to 

perform an SPRA to respond to the NRC’s Fukushima 50.54(f) letter (2012). This situation prompted a 

review for alternatives that could provide the appropriate seismic related insights to the categorization 

process. 

 

A series of test cases were evaluated at sites with high seismic hazards and RG 1.200 compliant 

SPRAs to determine the types of seismic insights that would contribute to 50.69 categorization decisions. 

These test cases led to the development of a graded approach for categorization of seismic inputs 

documented in EPRI 3002012988 (2018).  The key premise of the graded approach is that most seismic 

related SSCs that would be categorized as HSS in accordance with NEI 00-04 would also be categorized as 

HSS for other reasons (that is, internal events PRA insights, other external hazard risk insights, defense-in-

depth considerations).  Therefore, the goal of the graded approach is to identify SSCs that may be 

categorized as HSS based solely on seismic risk insights. 

 

A second key premise is that the degree to which the plant seismic hazard, represented by the 

ground motion response spectrum (GMRS), exceeds the plant seismic design basis, represented by the Safe 

Shutdown Earthquake (SSE), influences the likelihood that unique seismic-related HSS SSCs will be 

identified. The 50.69 categorization process uses the Fussell-Vesely (F-V) and Risk Achievement Worth 

(RAW) importance measures to determine relative ranking of the PRA SSCs. Since these are relative risk 

measures, even at a plant with low seismic hazards, there will always be a distribution of relative importance 

measures from high to low. However, at higher seismic hazard plants, the chances of identifying an unusual 

seismic induced condition that would cause SSCs to be HSS is greater. 

 

The three recommended tiers are the following. 

 

• Tier 1: Plants where the GMRS peak acceleration is at or below approximately 0.2g or where the 

GMRS is below or approximately equal to the SSE between 1.0 Hz and 10 Hz. Examples are shown 

in Figures 1 and 2.  At these sites, the GMRS is either very low or within the range of the SSE such 

that unique seismic categorization insights are not expected. 

• Tier 2: Plants where the GMRS to SSE comparison between 1.0 Hz and 10 Hz is greater than in 

Tier 1 but not high enough to be treated as Tier 3.  At these sites, the unique seismic categorization 

insights are expected to be limited. 

• Tier 3: Plants where the GMRS to SSE comparison between 1.0 Hz and 10 Hz is high enough that 

the NRC required the plant to perform an SPRA to respond to the Fukushima 50.54(f) letter 

(USNRC, 2012).  The NRC used a variety of site-specific quantitative and qualitative 

considerations in making these decisions (e.g., USNRC Letters 2015 and 2016) and it represents 

the best available assessment of when an SPRA should be employed in risk-informed evaluations. 

The plants in this category are listed in Table 1.  Note that several plants planning to shut down 

applied for and received extensions of their SPRA due dates. Those plants are not included in 

Table 1 
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Figure 1:  Low Seismic Hazard Site: Low GMRS Peak Acceleration 

 

 
 

Figure 2:  Low Seismic Hazard Site: Typical SSE to GMRS Comparison 

 

Table 1:  Plants Performing SPRAs for the Fukushima 50.54(f) Letter 

 

Beaver Valley DC Cook Oconee Sequoyah 

Browns Ferry Diablo Canyon Palisades VC Summer 

Callaway Dresden Peach Bottom Vogtle 

Columbia North Anna Robinson Watts Bar 
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Approach for Tier 1 Plants 

 

For Tier 1 plants, the GMRS is either very low or similar to the SSE such that unique seismic categorization 

insights are expected to be minimal. Since little to no unique seismic insights would be anticipated for such 

sites, the approach is to rely on the 50.69 categorization process using the full power internal events (FPIE) 

and other risk evaluations along with the defense-in-depth, passive evaluations, and integrated 

decision-making panel (IDP) assessment of the qualitative criteria.  This process is expected to adequately 

identify the safety-significant functions and SSCs required for those functions and no additional seismic 

reviews are necessary for 50.69 categorization. 

 

Approach for Tier 2 Plants 

 

For Tier 2 plants, the GMRS to SSE comparison is higher than Tier 1 plants but not high enough to be 

treated as Tier 3 plants. In Tier 2, there are a limited number of unique seismic insights appropriate for 

consideration in determining HSS SSCs. These insights are discussed below and are related to common 

cause events that are unique to seismic such as seismic correlation and seismic interaction.  Therefore, a 

special sensitivity study is recommended using a common cause approach in the FPIE PRA to account for 

similar categorization insights.  These seismic insights would be considered with the other categorization 

insights by the integrated decision-making panel (IDP) for the final HSS determinations. 

 

One of the key seismic insights from the four seismic categorization test cases from the EPRI study 

is the importance of considering seismic correlation effects on the plant risk.  The correlated seismic 

response of SSCs that may occur in a seismic event is not captured in the internal event PRA or the fire 

PRA.  As such, for 50.69 purposes, Tier 2 plants should consider these seismic correlation insights when 

performing system categorization. 

 

Through correlated impacts, seismic events can fail both trains of SSCs in a two-train system 

depending on the seismic capacity and the seismic demand of the SSCs. Current SPRAs typically assign 

SSCs to be fully correlated when SSCs have the following same or similar conditions: 

 

• The same seismic capacity based on similar governing failure modes in the same equipment (such 

as anchor bolt tensile failure, functional failure based on testing, and bearing failure) 

• The same seismic demand based on the location of the equipment (such as same building and 

elevation) and similar orientation if the failure is dependent on the earthquake direction 

 

Another key insight from the four seismic categorization test cases is that seismic interactions (such 

as seismic-induced falling, deflections and flooding that affect nearby safety-related components) are 

unique to seismic risk studies and can result in seismic unique insights potentially leading to HSS SSCs. 

 

To better assess the importance of SSCs to seismic event response at Tier 2 plants, the internal 

events PRA may be used with some modifications and augmented by focused seismic walkdowns to obtain 

an indication of the importance of SSCs for mitigating seismic events. The process is depicted in Figure 3 

and the individual steps are defined in detail in EPRI 3002012988 (2018).  Note that this process is 

performed on a system basis, as the 50.69 categorization process is performed for a given system. 
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Figure 3:  Seismic Correlated Failure Assessment 
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Approach for Tier 3 Plants 

 

For Tier 3 plants, the GMRS to SSE comparison is high enough that no alternative approach for seismic 

inputs to the 50.69 categorization process is proposed and the existing processes identified in NEI 00-04 

for considering seismic risk (i.e. SPRA or SMA) in the categorization process should be used.  The four 

seismic categorization test cases described in Section 3 of the EPRI report (2018) suggest that even for 

Tier 3 plants, only a limited number of seismic unique insights are likely to contribute to the categorization 

process. However, in Tier 3 the potential GMRS seismic demands exceed the seismic design bases by high 

enough ratios that it is difficult to have high confidence that unique seismic conditions would not affect the 

set of SSCs captured in the categorization process. 

 

RESULTS AND CONCLUSIONS 

 

The NRC’s 10CFR50.69 process (2004) allows a plant to categorize the safety significance of its SSC using 

a robust categorization process defined in NEI 00-04 (2005), as endorsed by NRC in Regulatory 

Guide 1.201 (2006).  The risk-informed categorization process helps focus attention on SSCs that are the 

most important to plant safety while allowing increased operational flexibility for SSCs that are less 

important to plant safety. 

 

One of the screening criteria evaluated in the categorization process specified in NEI 00-04 is 

seismic risks, which can be evaluated using an SPRA, or an SMA if an SPRA is not available, or screened 

out if the SCDF and SLERF are very small compared to the FPIE PRA CDF and LERF. There are a number 

of plants that do not have an acceptable SPRA or SMA and cannot screen out of seismic considerations, 

therefore a need exists to consider alternatives for considering the insights of seismic risks in the 50.69 

categorization process. 

 

This paper provides alternative approaches for plants to provide the necessary seismic risk insights 

within the 50.69 categorization process.  Trial 50.69 categorization evaluations are performed at four plants 

with SPRAs and high GMRS compared to their SSEs to determine the seismic related categorization 

insights. Those insights are compared with categorization insights at the same plants using their FPIE PRAs 

and fire PRAs if available to determine the degree to which the seismic insights produce unique 

categorization insights. 

 

The trial case results show that there were either no components or very few components identified 

as HSS in the SPRA that were not also HSS for another reason. Therefore, the seismic risk insights provided 

only limited unique insights into the 50.69 categorization process. And those unique insights were generally 

associated with SSCs that would be treated as seismically correlated failures in an SPRA. 

 

These insights are used to develop a three-tiered graded approach for considering seismic risks in 

the 50.69 categorization process. The tiers are defined based on the degree to which the plant GMRS 

exceeds the plant SSE, which influences the likelihood that unique seismic-related HSS SSCs will be 

identified.  

 

For Tier 2 seismic hazard plants, a new seismic risk evaluation process is developed to use the FPIE 

PRA to determine the categorization insights appropriate for seismically correlated failures. SSCs that 

would be treated as seismically correlated in an SPRA are identified through a series of reviews and seismic 

walkdowns, those SSCs are modeled with new common cause failure basic events in the FPIE PRA, and 

sensitivity studies are recommended to be performed to determine if specific SSCs should be HSS.   
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