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INTRODUCTION 

 

Standards, such as Canadian CSA N289 seismic design codes, require operating nuclear power plant (NPPs) 

to implement administrative controls to ensure seismic qualification of safety-related structures, systems, 

and components (SSCs) is maintained for the plant life. Such controls for maintaining seismic qualification 

are required to be applied during normal operation conditions, plant outages and post-seismic event 

recovery. Besides meeting the code requirements, implementing those administrative controls to maintain 

seismic qualification of safety related SSCs would provide efficient governance of the processes to alter 

the plant design. Typically, a detailed graded program is implemented for controlling alterations to the plant 

design via permanent or temporary modifications and procurement of new or replacement items. 

 

A performance-based approach is recommended to meet the CSA N289 design code requirements regarding 

the implementation of administrative controls for maintaining seismic qualification of the plant SSCs. For 

each structure, system or component, the approach associates a safety class and a performance limit state 

that guarantees this item meeting the associated performance goal. The approach provides a flexible, easy-

to-implement tool for utilities for maintaining seismic qualification of SSCs.  

 

Three safety classes are defined based on the associated role or function(s): SC-1 for SSCs tasked with 

performing safety functions, SC-2, for SSCs tasked with supporting the performance of safety function, and 

SC-3 for SSCs that are considered risk-significant as determined by their contribution the overall plant 

seismic risk. A fourth NSQ class is defined SSCs not performing or supporting safety functions. SSCs that 

have the potential for seismic interaction with SC-1 SSCs are classified as SC-2 SSCs. In addition, three 

performance limit states are defined for two categories of SSCs: (a) Passive SSCs, e.g., Civil structures, 

Mechanical equipment, and Electrical & Instrumentation components, and (b) Active SSCs, e.g., 

Mechanical equipment, and Electrical & Instrumentation components. Depending on the category of an 

SSC, the three limit states, LS-, LS-, and LS-, provide a graded performance goal ranging from 

essentially elastic response or sufficient confidence in performing assigned functions to excessive 

deformation, short of collapse or deemed non-functional. 

 

Therefore, an SSC such as the reactor building, a steam generator, a piping system, or a pressure or 

temperature measuring instrument is assigned a double-character category such as 1, 2 or 3. For each 

category, the proposed approach defines methodologies for maintaining seismic qualification, which would 

generally depend on following a design code or standard with original or revised acceptance criteria. The 

main objective of each methodology is to ensure, with sufficient confidence, achieving the performance 

goal set for the item in that category. Moreover, if the item belongs to the plant’s logic model, more refined 

evaluation of its contribution to the plant’s risk due to seismic hazard may be achieved. 

 

This paper provides a description of the proposed performance-based approach along with description of 

the various strategies recommended for the two categories of SSCs. The paper also provides a few examples 

of items demonstrating the application of the performance-based approach.  
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OVERVIEW OF CSA N289 SERIES OF STANDARDS 

 

Safety related SSCs, which are tasked (and credited in many safety analyses) with safely shutting down, 

cooling, containing, and monitoring the plant, are required to perform their assigned functions during and 

following a major earthquake at the plant site. The CSA N289 series of standards provides seismic design 

and qualification requirements of nuclear safety related SSCs for ensuring safe plant response to seismic 

events by monitoring ground motions, quantifying effects, and initiating operator actions. The CSA N289 

series of Standards generally imposes more stringent seismic design requirements than the National 

Building Code of Canada (NBCC). The series includes five standards covering the following topics: 

• general requirements for seismic design, qualification, and evaluation, (CSA N289.1), 

• evaluation of site-specific geotechnical parameters and seismic hazard, (CSA N289.2), 

• detailed qualification methods by analysis approaches, (CSA N289.3), 

• detailed qualification methods by testing approaches, (CSA N289.4), and 

• guidelines for seismic instrumentation of an operating power plant (CSA N289.5).  

 

The required administrative controls for maintaining seismic qualification of safety related SSCs (CSA 

N289.1) address various factors typically considered in the original qualification process. For example, the 

following factors form the basis for those controls: 

• seismic safety categorization process (functionality, integrity, non-seismic) 

• design seismic input (standard-shape ground response spectra, site-specific Uniform Hazard 

Response Spectra (UHRS), or seismic demand per building codes) 

• qualification method (analysis, testing, similarity),  

• design approaches (Allowable Stress Design, Load Resistance Factor Design, or capacity design) 

• planned duration of modification (permanent vs. temporary),  

• anticipated performance (elastic, plastic, ductile) 

 

Application of CSA N289 Series of Standards 

 

CSA N289 series of standards applies to 

(a) safety-related SSCs whose failure to perform the intended functions will impede any of the safety 

functions. Typically, these SSCs are: 

• containment structures classified as Class Containment in accordance with CSA N287.1. 

• structures that house, support, or protect nuclear safety SSCs, irradiated fuels, and other 

radioactive waste materials in accordance with CSA N291. 

• pressure-retaining systems and their supports, whose components are classified as Nuclear 

Class 1, 2, 3, 4, or 1C, 2C, 3C, as defined in the CSA N285.0/N285.6 Series. 

• electrical systems, control systems, and instrumentation whose components are essential to 

performing the safety functions. 

(b) SSCs that are not required for nuclear safety but whose failure or dislocation could affect the safe 

operation of any safety-related SSC required to perform any of the safety functions.  

 

For the first group SSCs, the effects of the DBE loading are considered in their design and qualification. 

For the second group of SSCs, the requirements of CSA N289 series of standards apply, at minimum, to 

the supports, restraints, and anchors of such SSCs. 

 

CSA N289 series of standard does not apply to the balance of the NPP SSCs which are neither required for 

nuclear safety nor could affect the safe operation of any safety-related SSC required to perform any of the 

safety functions. 
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Seismic Safety Classification per CSA N289 Series of Standards 

 

SSCs in a nuclear power plants are classified, according to CSA N289.1:23, in one of two classes: (a) 

seismically qualified (SQ) SSCs, and (b) non-seismically qualified (NSQ) SSCs. In general, safety-related 

SSCs whose failure to perform the intended functions, due to a seismic event, will impede any of the safety 

functions are classified as SQ SSCs, and SSCs which are not required for nuclear safety are classified as 

NSQ SSCs. CSA N289.1:23 also states that SSCs that are not servicing the reactor but are containing or 

preventing the release of radioactive material are assessed and may be considered as SQ SSCs based on the 

consequences of their potential failure. In addition, SSCs which can lead to substantive damage impairing 

the safety function of any of the SQ SSCs are considered as SQ SSCs.  

 

It is implied that some SSCs that are not servicing the reactor but performing other safety function are 

assessed and may not be considered as SQ SSCs. In addition, some SSCs that are not required for nuclear 

safety but whose failure or dislocation could affect the safe operation of any SQ SSC are assessed and may 

not be considered as SQ SSCs. These two groups of SSCs should not be classified as NSQ SSCs; however, 

their seismic assessment requires a more graded approach in their classification. The proposed approach in 

this paper presents that graded approach. 

 

SAFETY DESIGN CLASSIFICATION PER IAEA SAFETY GUIDES 

 

According to IAEA Specific Safety Guide SSG-30, classification of SSCs in a nuclear power plant is a top-

down process that begins with a basic understanding of the plant design, its safety analysis and how the 

main safety functions will be achieved. This information is used to systematically identify both the 

functions and design provisions required to fulfil the main safety functions for all plant states. Using 

information from safety assessments, the functions are then categorized based on their safety significance. 

The SSCs belonging to a categorized functions are then identified and classified based on their role in 

achieving that function. However, an SSC implemented as a design provision should be classified directly 

because the significance of its postulated failure fully defines its safety class without any need for detailed 

analysis of the category of the associated safety function. Figure 1, copied from Fig.2 of IAEA SSG-30, 

presents the overall purpose of the safety classification and demonstrates that design provisions are 

implemented primarily to decrease the probability of an accident and functions are implemented to make 

the consequences acceptable in terms of its probability. 

 

 
 

Figure 1. The basic principle of frequency versus consequences (IAEA SSG-30) 
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According to IAEA SSG-30, the design provisions can be classified directly according to the severity of 

consequences of their failures, as follows: 

- Safety class 1: Any SSC whose failure would lead to consequences of ‘high’ severity. 

- Safety class 2: Any SSC whose failure would lead to consequences of ‘medium’ severity. 

- Safety class 3: Any SSC whose failure would lead to consequences of ‘low’ severity. 

 

According to IAEA Specific Safety Guide SSG-67, seismic categorization of SSCs in a nuclear power plant 

is one of the fundamental steps in the process of their seismic design. Seismic categorization is the process 

by which an SSC is assigned to a seismic category in accordance with its intended performance during and 

after the occurrence of an earthquake event, in addition to other classifications such as those relating to 

safety, quality and maintenance. The relevant acceptance criteria associated with the SSC are part of its 

categorization. 

 

According to IAEA Specific Safety Guide SSG-67, SSCs of the nuclear power plant should be grouped 

into three seismic categories, as follows: 

- Seismic category 1: for SSCs that need to remain functional during and/or after the occurrence of the 

SL‑2 design basis earthquake, i.e., the DBE or SSE. A seismic category 1 SSC should maintain its 

functionality and/or structural integrity (depending on functional requirements) during and/or after the 

occurrence of the SL‑2 design basis earthquake, and an adequate seismic margin should be provided 

to avoid cliff edge effects. 

- Seismic category 2: for SSCs whose failure to perform their intended functions would impede or 

affect any of the safety functions performed by seismic category 1 SSCs. Seismic category 2 SSCs 

should be designed to withstand the effects of an SL‑2 earthquake. Alternatively, a technical basis 

demonstrating that spatial interactions or other reactions would not impede or affect any of the safety 

functions performed by seismic category 1 SSCs should be provided. 

- Seismic category 3: includes all SSCs that are not in seismic category 1 or seismic category 2. The 

items in seismic category 3 should, at a minimum, be designed in accordance with the national approach 

to the seismic design of high risk conventional (i.e. non‑nuclear) installations. For some items in seismic 

category 3 that are important to the operation of the installation, it may be preferable to select a more 

severe seismic loading corresponding to SL‑1, i.e., the OBE or a fraction of the DBE, and adopt more 

stringent acceptance criteria than those for conventional installations. 

 

SAFETY DESIGN CLASSIFICATION PER ASCE 43-19 

 

The ASCE 43-19 standard provides graded criteria for seismic design of safety-related structures, systems, 

and components (SSCs) to achieve target performance goals in nuclear facilities. The graded seismic design 

criteria are presented such that more stringent design criteria are used to achieve better seismic performance 

for SSCs that have more serious failure consequences. The seismic design criteria for each SSC are defined 

via a seismic design basis (SDB) that consists of:  

(a) a seismic design category (SDC), or a category reflecting the severity of adverse radiological and 

toxicological effects that may result from the seismic failure of the SSC, and  

(b) a limit state (LS), or a qualitative description of the acceptable level of damage to be experienced 

by the SSC in response the seismic event. 

 

Seismic design categories range from 1 to 5, such that a conventional building whose failure may not result 

in any radiological or toxicological consequences is assigned to SDC 1, and a safety-related SSC in a facility 

where nuclear material is processed with a large inventory of radioactive material may be placed in SDC 5. 

Limit states in response to the seismic event range from A to D, such that significant damage and/or large 

permanent distortion (short of collapse) is assigned to LS-A, and negligible damage and/or essentially 

elastic behaviour is assigned to LS-D. It should be noted that, per the Canadian Nuclear Safety Commission 
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REGDOC 2.5.2, the guidance for seismic qualification of SSCs in new built have adopted the ASCE 43 

system classification.  

 

Therefore, the standard permits the definition of multi seismic design basis or SDBs, rather than the single 

traditional DBE or SSE for the nuclear facility which is kept for SSCs with the most severe consequence, 

i.e., SDC 5, and with the most stringent acceptable response, i.e., LS-D. For a specific SSC, the annual 

frequency of exceeding the acceptable performance level is called the target performance goal, and it 

decreases as SDC increases. This decrease is achieved by increasing the return period of the design basis 

earthquake (DBE) shaking. The DBE ground motion for that SSC is determined by amplitude scaling 

uniform hazard response spectra (UHRS). 

 

The graded approach of ASCE 43-19 in defining the seismic design criteria presents a method to classify 

SSCs based on their assigned target performance goals rather than the binary classification in the CSA 

N289 series of standards.  

 

SAFETY CLASSIFICATION & PERFORMANCE CRITERIA PER NEI 18-04 

 

NEI 18-04 presents a technology-inclusive, risk-informed, and performance-based process for selection of 

Licensing Basis Events; safety classification of SSCs and associated risk-informed special treatments; and 

determination of defence-in-depth adequacy for advanced reactors. Regarding safety classification of SSCs, 

relevant aspects of risk-informed classification approaches that have been developed for existing and 

advanced Light Water Reactors and small modular reactors. Safety classification categories, per NEI 18-

04, are defined as follows: 

(a) Safety-Related:  

• SSCs selected from the SSCs available to mitigate the consequences of design basis events and 

to mitigate design basis accidents using conservative assumptions to meet required dose limits. 

• SSCs selected and relied on to prevent frequency of beyond design basis events (with 

consequences greater than the required dose limits) from increasing into the frequency region 

of design basis events. 

(b) Non-Safety-Related with Special Treatment: 

• Non-safety-related SSCs relied on to perform risk-significant functions. Risk-significant SSCs 

perform functions that prevent or mitigate any licensing basis event from exceeding the 

frequency-consequence target or make significant contributions to the cumulative risk metrics 

selected for evaluating the total risk from all analysed licensing basis events. 

• Non-safety-related SSCs relied on to perform functions requiring special treatment for defence-

in-depth adequacy 

(c) Non-Safety-Related with No Special Treatment:  

• for all other SSCs (with no special treatment required). 

 

Safety-significant SSCs include all those SSCs classified as Safety-Related or Non-Safety-Related with 

Special Treatment. None of the NST SSCs classified as Non-Safety-Related with No Special Treatment are 

classified as Safety-significant. 

 

There are three major steps involved in the seismic design process of a commercial nuclear plant: 

1. seismic design criteria for determining required SSC capacities (typically relying on consensus 

nuclear codes and standards), 

2. safety evaluation of the seismic design, e.g., seismic Probabilistic Safety Assessment, and  

3. safety criteria that the SSCs through their seismic design are required need to meet.  
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PROPOSED APPROACH FOR CSA N289 

 

Following the safety classification of SSCs in IAEA SSG-67, NEI 18-04, and ASCE 43-19, a performance-

based graded approach is recommended for implementation in CSA to facilitate meeting the requirements 

regarding the implementation of administrative controls to maintain the seismic of the plant SSCs in a 

logical and simple manner. For each structure, system or component, the approach associates a safety class 

and a performance limit state that guarantee this item meeting the associated performance goal. The 

approach provides a flexible, easy-to-implement tool to implement those required administrative controls. 

The proposed seismic safety classification and limit states reflecting their performance when subjected to 

site-specific seismic events. It should be noted that operating NPPs in Canada have been designed for the 

requirements of a specified DBE and/or their individual seismic hazard contribution to overall plant risk 

has evaluated using a specified Review Level Earthquake (RLE). 

 

Four seismic safety classes are defined based on the associated role or function(s):  

- Seismic Class-1 (SC-1) for SSCs tasked with performing safety functions,  

- Seismic Class-2 (SC-2) for SSCs tasked with supporting the performance of safety function and for 

SSCs that have the potential for seismic interaction with SC-1 SSCs, and  

- Seismic Class-3 (SC-3) for SSCs included in the list of risk-significant SSCs based on the plant’s 

probabilistic seismic assessments, and 

- Seismic Class-NSQ: for SSCs not performing or supporting safety functions, not having the potential 

for seismic interaction with SC-1 SSCs and not included in the list of risk-significant SSCs. 

 

In relation to the current seismic classification of SSCs in CSA N289.1:23, SSCs classified with either SC-

1 or SC-2 are those already classified as seismically qualified, or SQ. The Seismic Class-1 (SC-1) remains 

for SSCs whose failure to perform the intended functions will impede any of the safety functions. Seismic 

Class-2 (SC-2) is for SSCs that are supporting the performance of other safety function or whose failure or 

dislocation could affect the safe operation of any SQ SSC. Seismic-Class-NSQ is identical to the current 

definition of SSCs that are not seismically qualified, per CSA N289.1:23. SSCs classified as SC-3 include 

SSCs that are either SQ or NSQ, per CSA N289.1:23, however, they are SSCs that are considered risk-

significant as determined by their contribution the overall plant seismic risk. Table 1 presents a mapping 

between the current and proposed seismic safety classification for SSCs in operating NPPs in Canada. 

 

Table 1: Mapping of Seismic Safety Classification of SSCs. 

 

Proposed Approach Current per CSA N289.1:23 

SC-1 SQ 

SC-2 SQ 

SC-3 * SQ & NSQ 

NSQ NSQ 

* SC-3 SSCs are those listed as risk-significant SSCs 

 

SSCs in the nuclear power plant belong to one of two categories, per CSA N289.1:23: (a) Category A or 

passive SSCs, e.g., Civil structures, passive Mechanical and Electrical & Instrumentation equipment and 

components, and (b) Category B or active SSCs, e.g., active Mechanical and Electrical & Instrumentation 

equipment and components. The proposed classification approach defines three performance limit states 

for both categories of SSCs. Table 2 presents the performance limit states for each category. Depending 

on the category of an SSC, the three limit states, LS-, LS-, and LS-, provide a graded performance 
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goal ranging from essentially elastic response or sufficient confidence in performing assigned functions, 

i.e., LS- to excessive deformation, short of collapse or deemed non-functional, i.e., LS-. Limit state LS-

 is prescribed for cases when limited damage or inadequate margin above the required functional 

performance are tolerated. 

 

Table 2: Performance Limit States for Passive and Active SSCs. 

 

 

The effects of the DBE loading, as defined in CSA N289, are considered in the design and qualification of 

SC-1 SSCs. The target performance goal assigned to SC-1 SSCs represents the annual frequency of 

unacceptable performance of those SSCs and is defined in terms of the annual probability of exceedance 

associated with the DBE. In other words, these SSCs are expected to remain essentially elastic when 

subjected the DBE loading.  

 

Recognizing the fact that target performance goal assigned for SC-2 SSCs is expected to be less restrictive 

than the target performance goal assigned for SC-1 SSCs, i.e., increasing their annual probability of 

unacceptable performance, the seismic loading used in the design and qualification of SC-2 SSCs is defined 

as a fraction of the plant’s DBE. The annual probability of exceedance for the associated seismic load is 

larger than that associated with the DBE. It is noted that the annual probability of unacceptable performance 

for SSCs other than SC-1 SSCs ranges between 4 and 10 times that for SC-1 SSCs, per ASCE 43. Therefore, 

a fraction of the DBE is selected for the design and qualification of SC-2 SSCs. That fraction is proposed 

to be either 25% or 50% depending on the assigned safety support functions and/or proximity to SC-1 SSCs. 

The SC-2 SSCs are expected to be essentially elastic for the specified seismic load but they will experience 

limited permanent deformation when subjected to the DBE.  

 

The NSQ SSCs are designed to meet, as a minimum, the seismic demand defined in the National Building 

Code of Canada (NBCC). It should be mentioned that annual probability of exceedance associated with the 

NBCC seismic demand is larger than that associated with 50% of the DBE.  

 

The RLE used in the seismic Probabilistic Safety Assessment of the plant is defined as the seismic input 

used in maintaining seismic qualification of SC-3 SSCs. 

 

Application of Proposed Approach 

 

According to the proposed approach, an SSC such as the reactor building, a steam generator, a piping 

system, or a pressure or temperature measuring instrument is assigned a double-character class such as 1, 

2, 3 2 or NSQ. For each class, the proposed approach defines methodologies for maintaining seismic 

qualification, which would generally depend on following a design code or standard with original or revised 

acceptance criteria. The main objective of applying the acceptance criteria is to ensure, with sufficient 

confidence, achieving the target performance goal set for the item in that class. Moreover, if the item 

belongs to the list of risk-significant items, more refined evaluation of its contribution to the plant’s risk 

due to seismic hazard may be performed. Table 3 presents the applicable seismic demand level and seismic 

design code or standard for all applicable seismic classes.  

 

Limit State Category A (Passive) SSCs Category B (Active) SSCs 

LS- Essentially elastic response 
At least 1.4 margin above required 

functional performance (Kennedy, 1999) 

LS- Limited damage & adequate anchorage 
No margin above required functional 

performance 

LS- Elastoplastic response short of collapse Failure or deemed non-functional 
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The proposed approach is meant for maintaining the seismic qualification of various SSCs in operating 

NPPs in Canada. Providing the engineering staff of operating NPPs with the graded approach in classifying 

the plant SSCs and substantiating their seismic performance at the specified design or evaluation seismic 

demand will guarantee the safe operation of the plant with harmonious, cost effective, criteria. The graded 

approach is consistent with recent international guidelines, as specified in IAEA SSG-67, and nuclear 

industry positions, as stated in NEI 18-04. It should be noted that the guidance for seismic design criteria 

per the Canadian regulatory requirements, as specified in REGDOC 2.5.2, relies on the system classification 

for seismic design according to ASCE 43-19. Therefore, the proposed approach could be applied in 

certifying the designs of new NPPs to be built in Canada. 

 

Annex A of CSA N289.1:23 provides a list of sample SSCs in typical CANDU nuclear power plant that 

are required to be seismically qualified, or be SQ. A subset of this sample listed is selected to demonstrate 

the application of the proposed classification approach and is presented in Table 4. 

 

Table 3: Seismic Demand Level & Acceptance Criteria for Seismic Classes. 

 

 Performance Level States 

Seismic Classes LS- LS- LS- 

SC-1 
Demand DBE § 

N/A N/A 
Criteria CSA N289.3:20 

SC-2 * 
Demand ½ DBE § ½ DBE § ¼ DBE § 

Criteria CSA N289.3:20 CSA N289.3:20 † CSA N289.3:20 † 

SC-3 
Demand RLE § 

N/A N/A 
Criteria CSA N289.3:20 

NSQ 
Demand 

N/A N/A 
NBCC 

Criteria NBCC 
§ DBE, ½ DBE, ¼ DBE, and RLE are to be defined based on the site-specific Uniform Hazard Response Spectra (UHRS) with an Annual 

Frequency of Exceedance (AFE), as applicable 
* Seismic interaction evaluation is required per CSA N289.3:20 for SC-2 SSCs 

† Inelastic energy absorption, i.e., ductility. reduction factors, as specified in CSA A23.3 and CSA S16, are applied. 

 

Benefits of Proposed Approach 

 

Operating nuclear power plants in Canada are mandated per CSA N289.1 to install administrative controls 

to maintain seismic qualification status of SSCs. Besides meeting the code requirements, implementing 

those controls to maintain seismic qualification of safety related SSCs would provide efficient governance 

of the processes to manage plant design modifications. Typically, a detailed graded program is implemented 

for controlling alterations to the plant design via permanent or temporary modifications and procurement 

of new or replacement items. All SSCs in the seismic qualification list will be subject to the same level of 

detail and frequency of inspection and maintenance thus providing consistent performance. The proposed 

approach in classifying the SSCs requiring qualification will also provide a means to prioritize the effort 

and resources for inspecting and maintaining those SSCs in normal operating conditions and plant outages 

alike. In addition, the graded classification of the plant SSCs will be already available for plant operators 

to perform required basic and focused inspections required in the plant response to seismic events in case 

of an earthquake. 

 



 
 

28th International Conference on Structural Mechanics in Reactor Technology 

Toronto, Canada, August 10-15, 2025 

Division VI 

9 

 

Table 4: Application of Proposed Seismic Design Classification to Representative SSCs. 

 

 Current Proposed 

Buildings and structures   

Reactor building and containment boundary structures SQ-A A-1 

Special equipment (airlocks, shielding doors, etc.) SQ-B B-1 

Turbine building§ SQ-A A-2 & A-2 

Cooling water structures* SQ-A A-2 

Pumphouse* SQ-A A-2 

Reactor auxiliary building* SQ-A A-2 

Control building* SQ-A A-2 

Main control room SQ-A A-1 

Secondary control area  SQ-A A-1 

Standby generator or emergency power supply structures SQ-A A-1 

MSSV/MSIV Room SQ-A A-1 

Spent fuel bay SQ-A A-1 

Reactor   

Fuel channel assemblies SQ-A A-1 

Calandria assembly SQ-A A-1 

Recirculated cooling water system SQ-B A-1 

Reactivity control units SQ-B A-1 

Reactivity mechanisms deck SQ-A A-1 

Moderator systems and auxiliaries   

Moderator system SQ-A, SQ-B A-1 & B-1 

Moderator purification system SQ-A, SQ-B A-2 & B-2 

Heat transport systems and auxiliaries   

Heat transport circuit SQ-A, SQ-B A-1 & B-1 

Heat transport pressure and inventory control system SQ-A, SQ-B A-1 

Heat transport system pump seal circuit SQ-A A-1 

Heat transport purification system SQ-A A-1 
§ The turbine building shall be seismically qualified to the extent required to protect reactor auxiliary building and MSSV/MSIV. 
* Structures supporting safety systems maintain their structural integrity during and following a DBE so that safety system 

functionality is not compromised. 

 

SUMMARY 

 

A graded performance-based approach is recommended in this paper for adoption by the CSA to meet the 

design code requirements regarding the implementation of administrative controls to maintain seismic 

qualification of the plant’s SSCs. For each structure, system or component, the approach associates a safety 

class and a performance limit state that guarantee this item meeting the associated performance goal. The 

approach provides a flexible, easy-to-implement tool to implement those controls. 

 

After presenting the current seismic safety design criteria per the Canadian CSA N289.1:23 standard, the 

paper includes a review of the recent international guidelines, as specified in IAEA SSG-67, and nuclear 

industry positions, as stated in NEI 18-04. The system classification for seismic design according to ASCE 

43-19 that is relied in the Canadian regulatory requirements, is also presented. The proposed graded 

approach is consistent with these international requirements and industry positions. 
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The proposed approach is presented for consideration in future editions of the Canadian seismic design 

series of standards, i.e., CSA N289. 
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