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17.0 QUALITY ASSURANCE AND RELIABILITY ASSURANCE

The Quality Assurance Program as described in Sections 17.1, 17.2, 17.3 and 17.5 of
this chapter of DCD is applicable for Quality Assurance (QA) during the Design
Certification phase for US-APWR standard plant design activities.

17.1 Quality Assurance During the Design Phase

For quality assurance during the Design Certification phase for US-APWR standard
plant design activities, see Section 17.5.

The Combined License (COL) Applicant is responsible for the development of a Quality
Assurance Program applicable to site-specific design activities.
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17.2 Quality Assurance During the Construction and Operation Phases

The COL Applicant is responsible for development of the construction and operational
phase Quality Assurance Program.
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17.3 Quality Assurance Program

The General Manager of Nuclear Energy Systems Headquarters (NESH) is responsible
for the Design Certification Activities of US-APWR. The design activities performed by
the Nuclear Energy Systems Engineering Center for the US-APWR standard plant
design are subjected to the QA Program controls specified in “Quality Assurance
Program (QAP) Description For Design Certification of the US-APWR (PQD-HD-19005
Rev.3)” (Ref 17.5-4).

Subcontractors of the Nuclear Energy Systems Engineering Center performing design
activities in support of the US-APWR are also required to follow QAPD (PQD-HD-19005
Rev.3).

For the Quality Assurance Program Description during the Design Certification phase for
the US-APWR standard plant design, see Section 17.5.

The COL Applicant is responsible for the development of a Quality Assurance Program
Description applicable to site-specific design activities and for plant construction and
operation phases.
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17.4 Reliability Assurance Program

This section presents the US-APWR reliability assurance program (RAP).

17.4.1 New Section 17.4 in the Standard Review Plan

As noted in Item E of SECY 95-132 (Ref. 17.4-1), an applicant for design certification 
should establish the scope, purpose, objective, and essential elements of an effective 
DRAP and would implement those portions of the D-RAP that apply to design 
certification. A COL Applicant is responsible for augmenting and completing the 
remainder of the DRAP to include any site-specific design information and identify the 
risk-significant SSCs. Once the site-specific D-RAP is established and the risk-significant 
SSCs are identified, the procurement, fabrication, construction, and preoperational 
testing can be implemented in accordance with the COL holder’s D-RAP or other 
programs and would be verified using the inspections, test, analyses and acceptance 
criteria (ITAAC) process.

17.4.2 Introduction

The purposes of the US-APWR RAP are to provide reasonable assurance that: 1) the 
US-APWR is designed, constructed, and operated in a manner that is consistent with the 
assumptions and risk insights for the risk-significant SSCs, 2) the risk-significant SSCs do 
not degrade to an unacceptable level during plant operations, 3) the frequency of 
transients that challenge risk-significant SSCs is minimized, and 4) the risk-significant 
SSCs function reliably when challenged. An additional goal is to facilitate communication 
between the probabilistic risk assessment (PRA), the design, and the ultimate COL 
activity.

The PRA evaluates the US-APWR design response to a spectrum of initiating events to 
ensure that plant damage has a very low probability and that risk to the public is 
minimized. The risk-significant SSCs including both safety-related and non safety-related 
SSCs for the US-APWR design control document (DCD) are identified and made 
available to the design organization.

The US-APWR D-RAP process is implemented in several phases. Phase I, the Design 
Certification phase, collects system information and develops a system model. This 
system information and model is used as input to the design phase PRA, an operating 
experience review, and a review for external events. The goal of the RAP during this 
stage is to ensure that the reactor design meets the purposes above, through the design, 
procurement, fabrication, construction and preoperational testing activities and programs. 
The results of each of these activities are provided to an expert panel (EP) which 
identifies risk-significant items using probabilistic, deterministic, and other methods for 
inclusion in the program. Phase II, the site-specific phase, introduces the plant’s 
sitespecific information to the D-RAP process. During Phase II, the site-specific SSCs are 
combined with the US-APWR design SSCs into a list for the specific plant. Phase III, the 
last phase of the D-RAP, implements the procurement, fabrication, construction, and 
preoperational testing. The designer, MHI, is responsible for Phase I of the D-RAP The 
site-specific list of SSCs is also provided as an input to reliability assurance program 
during the operations phase (O-RAP), which addresses the specific plant operation and 
maintenance activities. The objective during this stage is to ensure that the reliability for 
the SSCs within the scope of the RAP is maintained during plant operations. Phases II 
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and III of the D-RAP and the  O-RAP are the responsibility of the COL Applicant. The 
COL Applicant will specify the policy and implement procedures to address the specific 
plant operation and maintenance activities associated with the risk-significant SSCs 
identified by the D-RAP.

The non safety-related RAP SSCs would be subjected to the appropriate QA controls that 
are described in the Section 17.5 of the US-APWR DCD for the phase I of the D-RAP, and 
in Section 17.5 of the site specific COL for the phase II and III of the D-RAP.

17.4.3 Scope

The US-APWR D-RAP identifies risk-significant SSCs and provides risk insights and 
reliability assumptions for aspects of plant operation, maintenance, and performance 
monitoring to be addressed to ensure safe, reliable plant operation or mitigate plant 
transients or other events that could present a risk to the public. The risk-significant SSCs 
are identified using PRA, deterministic, or other methods of analysis, including industry 
experience, and EPs.

17.4.4 Quality Controls

a. Organization

The MHI is responsible for Phase I of the D-RAP.

General Manager, US-APWR project: The General Manager, US-APWR project is overall 
responsible for the establishment of and implementation of the US-APWR D-RAP. In this 
regard, the General Manager or his designated representative is responsible to assure all 
affected organizations are aware of the D-RAP, its purpose, and the requirements herein.

General Manager, Reactor and Plant Safety: The General Manager, Reactor and Plant 
Safety, is responsible for the use of the PRA results and risk insights for the EP, and for 
the conduct and coordination of the EP. The Reactor and Plant Safety organization 
includes the risk and reliability organization.

General Manager, QA: The General Manager, QA is responsible to assure proper 
implementation of QA program elements. This includes design control, procedures and 
instructions, records, corrective actions and audits pertaining to the D-RAP.

General Managers, Design Engineering: The General Managers, Design Engineering, 
are responsible to implement this D-RAP and specifically to assure that the US-APWR is 
designed consistent with the reliability assumptions and insights of the PRA for 
risksignificant SSCs.

The risk and reliability organization is responsible to ask the related design engineering 
sections to review key assumptions and to feed back their comments to ensure key 
assumptions are realistic and achievable.

The risk and reliability organization is responsible to provide the RAP related inputs in the 
design process by participating in the design change process.

The risk and reliability organization is also responsible to involve in the design review.
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b. Design Control

The list of risk-significant SSCs for the D-RAP and its key assumptions shall be 
maintained by the risk and reliability organization. The list and changes thereof shall be 
approved by the EP and be provided to design engineering and QA staff working on the 
US-APWR project.

The risk and reliability organization shall ensure that the design engineers are provided 
the list of risk-significant SSCs for the D-RAP and its key assumption. The design 
engineers shall take into account the list of the risk-significant SSCs for the D-RAP and its 
key assumptions in their design activities and give some feedback to the risk and 
reliability organization in order to ensure that the key assumptions are realistic and 
achievable, if necessary.

c. Procedures and Instructions

General Manager, US-APWR project or his designated representative has prepared the 
procedures and instructions used in implementation of the D-RAP. General Manager, 
US-APWR project is responsible for development and verification of implementation of 
the D-RAP, and for assuring all affected MHI organizations are aware of the D-RAP.

d. Records

Records related to the D-RAP which are required to be maintained include the following:

- List of Risk-Significant SSCs

- EP meeting minutes/summaries

- Other quality assurance program records in accordance with the US-APWR 
QAPD (Ref. 17.4-2) for design certification.

e. Corrective action

Deficiencies identified where design documents address SSC reliability assumptions 
which are not compatible with the reliability assumptions of the PRA, or are not 
achievable or are unrealistic shall be entered into the corrective action program (CAP) 
system and addressed appropriately. The CAP utilized to support the QAPD is used to 
implement the corrective actions related to the RAP.

f. Audit

Audit plans shall include for consideration, sampling the effectiveness of implementation 
of RAP implementation procedure. Audits shall consider several key aspects of the RAP 
including the identification of risk-significant SSCs, whether design and procurement 
information is consistent with the risk insights from the PRA, and whether assumed 
equipment reliability is determined to be practicable or achievable.

17.4.5 Integration into Existing Operational Programs

The US-APWR D-RAP is a source to other administrative and operational programs. 
Certain risk-significant SSCs identified in the D-RAP are included in existing operational 
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programs such as the technical specifications surveillance requirements and provide 
assurance that the reliability values assumed in the PRA will be maintained throughout 
the plant life. The O-RAP implements the measures that yield the significant 
improvements in the PRA through the plant’s existing programs for maintenance or QA. 
Implementation of the Maintenance Rule requirements contained in 10 CFR 50.65 (Ref. 
17.4-3) is an example of how the plant could address the enhanced treatment of certain 
SSCs in the O-RAP. Per SECY 95-132, the COL Applicant may meet most of the 
objectives of the O-RAP via existing programs such as maintenance rule, in-service 
testing, and QA. The COL Applicant must address non-safety risk-significant SSCs.

17.4.6 Operating Experience

Consideration and use of operating experience is vital to the overall objective of the 
D-RAP. Operating experience is considered along with various PRA analytical and 
importance measures when developing a comprehensive risk analysis. The EP considers 
component operating history and industry operating experience when it can be applied to 
assessing risk significance. For example, operating experience indicates that motor 
driven and turbine driven pumps may have different reliability.

The review of operating experience investigates situations where previous failures of 
components in similar design applications have led to functional failures of SSCs. The 
review of operating experiences is not limited to hardware failure but also extends to 
situations where human performance led to functional failures of SSCs of a similar 
system design. As an example, the US-APWR design improves reliability and eliminates 
required operator actions to switch over from injection to recirculation typical in 
conventional PWRs.

17.4.7 D-RAP

As discussed in Section 17.4.2, Phase I of the D-RAP includes the initial identification of 
SSCs to be included in the program, implementation of the aspects applicable to design 
efforts, and definition of the scope, requirements, and implementation options to be 
included in the later phases.

17.4.7.1 SSCs Identification

During the US-APWR design phase, risk-significant SSCs are identified for inclusion in 
the scope of the D-RAP. A list of risk-significant SSCs is developed and controlled as a 
design input for consideration during the design phase. The list of risk-significant SSCs is 
initially based on the results of the PRA and the EP. For further discussion on PRA, refer 
to Chapter 19, Section 19.1, of this DCD. In addition to the PRA input, information from 
operating experience of Japanese design plants, as well as US industry experience is 
considered for identification of risk-significant SSCs. The list of risk-significant SSCs 
identified during the design phase is updated when the plant-specific PRA is developed. 
In the expert panel’s discussion, review of dominant failure modes are also considered in 
order to reflect industry operating experience.

a. Risk-Significant SSCs Identification

Importance Analysis based on the PRA Results
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The PRA is used to identify risk-significant SSCs based on risk achievement worth 
(RAW) and Fussell-Vesely (FV) importance. Risk-significant SSCs are identified using 
importance criteria of FV importance greater than 0.005 and RAW greater than 2. In 
the US-APWR RAP, these criteria have been applied to both single failure basic 
events and common cause failure (CCF) basic events. Risk-significant SSCs 
identified by RAW greater than 2 cover sufficiently those identified by RAW greater 
than 20, which is the RAW criterion for common cause basic events per NEI-00-04 
(Ref. 17.4-4). Component based FVs are also estimated and used to identify 
risksignificant SSCs. These RAW/FV criteria are applied to the results of each risk 
hazard model separately and not to the combined / integrated results. For seismic 
margin analysis(SMA), risk-significant SSCs are identified according to the approach 
provided by NEI 00-04, Revision 0 (Ref. 17.4-4). 

Engineering Judge based on the PRA Assumption and Results 

For SSCs

- for which RAW/FV values have not been quantified

or

- whose RAW/FV results do not exceed the criteria, 
risk significance are also identified by engineering judge from the following points of 
view:

• Attribution to required mitigation functions during the accident

• Similarity of the impact of failure with other risk-significant SSCs

• Impact on risk-significant human actions or signals

For LPSD, importance analysis was performed for the representative plant operation 
state (POS), which is mid-loop operation, for that PRA has been performed. For 
POSs RAW/FV values have not been quantified. SSCs that were not credited as 
mitigation function in the representative POS but can be used to mitigate accidents 
during other POSs were all included in the list of risk-significant SSCs.

For severe accident management SSCs, SSCs required to satisfy the requirement of 
10 CFR are identified as risk-significant SSCs (e.g. igniter). And SSCs that are not 
modeled in the PRA but the loss of whose functions may directly result in large 
release, are identified as risk-significant SSCs (e.g. containment vessel).

Expert Panel’s Discussions and Results

A third source in the D-RAP process for identifying risk-significant SSCs is the use of 
an EP consisting of representatives from Design Engineering, PRA, as well as other 
highly qualified individuals with operations, and maintenance experience who are 
independent of the PRA Section. The EP also reviews the categorization of SSCs 
determined to be not risk-significant (NRS) from quantified PRA results (e.g., 
technical adequacy of the basis used in the categorization, review of defense-in-depth 
implications, review of safety margin implications). As part of the D-RAP process, the 
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PRA analytical results, operating experience, and an EP process are combined to 
develop a comprehensive list of risk-significant SSCs.

b. Dominant Failure Mode Identification

The PRA models failure modes of SSCs that can potentially degrade the operability of 
mitigation functions as basic events. Since the results of importance analysis are the 
RAW/FV importance of each basic event, dominant failure modes can be identified for 
each risk-significant SSCs. For risk-significant SSCs that are chosen based on 
engineering judge, dominant failure modes are supposed from the importance results 
of components that have similar impact on the system when a failure has occurred.

17.4.7.2 Expert Panel

An EP, consisting of at least one person with design engineering experience, at least one 
person with PRA experience, at least one person with operations and maintenance 
experience, and at least one person with quality assurance experience, is responsible for 
the final selection of the SSCs included in the D-RAP. Industry operating experience and 
use of the Expert Panel are used as the part of deterministic approach and other 
processes, and engineering judgment are employed in considering the addition of SSCs 
to the D-RAP. The level of education and experience of voting member of the RAP EP is 
defined in the Expert Panel Implementing Procedure for US-APWR Reliability Assurance 
Program as follows:

• For a person who has a science or technical/engineering degree, more than 10 
years of experience in the specific area of Nuclear Power Plant, such as design, 
or identical experience, is required.

• For a person who does not have a science or technical/engineering degree, more 
than 15 years of experience in the specific area of Nuclear Power Plant, such as 
design, or identical experience, is required.

17.4.7.3 Phase I D-RAP Implementation and SSCs included

The implementation of the Phase I D-RAP is the responsibility of MHI as it applies to the 
reactor design process. The SSCs included in this phase are listed in Table 17.4-1. The 
boundary for the SSCs listed in the table can be identified as follows:

1. Boundary for the RAP SSCs is applicable to components and that for system or 
structure represents itself.

2. The boundary for the components modeled in the PRA is basically referred from 
US-APWR PRA technical report (Ref. 17.4-8), which is based on the general 
failure data.
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17.4.8 ITAAC for the D-RAP

Tier 1 ITAAC are proposed to verify that the D-RAP provides reasonable assurance that 
the plant is designed and constructed in a manner that is consistent with the key 
assumptions and risk insights for risk-significant SSCs. The list of risk-significant SSCs 
for ITAAC will be prepared by introducing the plant’s site-specific information to the list 
shown in Table 17.4-1 in the Phase II of the D-RAP. The ITAAC acceptance criteria are 
established to ensure that the following three (3) major elements are taken into 
consideration:

- Identification of all as-built SSCs in the scope of the D-RAP

- Description of the methodology used to identify the as-built SSCs in scope of the 
D-RAP

- For the as-built SSCs in scope of D-RAP, identify and describe the reliability 
assurance activities that are accomplished prior to the initial fuel load, which 
provide reasonable assurance that the plant is designed and constructed in a 
manner that is consistent with the key assumptions (including reliability and 
availability assumptions in PRA, when applicable) and risk insights for the 
risk-significant SSCs.

17.4.9 Combined License Information

COL 17.4(1) The COL Applicant shall be responsible for the development and 
implementation of the Phases II and III of the D-RAP, including QA 
requirements. In the Phase II, the plant’s site-specific information 
should be introduced to the D-RAP process and the site-specific 
risk-significant SSCs should be combined with the US-APWR 
design risk-significant SSCs into a list for the specific plant. Phase 
II is performed during the COL application phase and 
updated/maintained during the COL license holder phase. In the 
Phase III, procurement, fabrication, construction, and test 
specifications for the SSCs within the scope of the RAP should 
ensure that significant assumptions, such as equipment reliability, 
are realistic and achievable. The QA requirements should be 
implemented during the procurement, fabrication, construction, 
and pre-operation testing of the SSCs within the scope of the RAP. 
Phase III is performed during the COL license holder phase and 
prior to initial fuel loading. The COL Applicant will propose a 
method by which it will incorporate the objectives of the reliability 
assurance program into other programs for design or operational 
errors that degrade nonsafety-related, risk-significant SSCs. 

COL 17.4(2) The COL Applicant shall be responsible for the development and 
implementation of the O-RAP, in which the RAP activities should be 
integrated into the existing operational program (e.g., Maintenance 
Rule, surveillance testing, in-service inspection, in-service testing, 
and QA). The O-RAP should also include the process for providing 
corrective actions for design and operational errors that degrade 
non-safety-related SSCs within the scope of the RAP. A description 
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of the proposed method for developing/integrating the operational 
RAP into operating plant programs (e.g., maintenance rule, quality 
assurance) is performed during the COL application phase. The 
development/integration of the operational RAP is performed 
during the COL license holder phase and prior to initial fuel loading. 
All SSCs identified as risk-significant within the scope of the 
D-RAP should be categorized as high-safety-significant (HSS) 
within the scope of initial Maintenance Rule. The integration of 
reliability assurance activities into existing operational programs 
will also address establishment of:

1) Reliability performance goals for risk-significant SSCs 
consistent with the existing maintenance and quality 
assurance processes on the basis of information from the 
DRAP (for example, implementation of the maintenance 
rule following the guidance contained in RG 1.160 is one 
acceptable method for establishing performance goals 
provided that SSCs are categorized as HSS within the 
scope of the Maintenance Rule program), and 

2) Performance and condition monitoring requirements to 
provide reasonable assurance that risk-significant SSCs do 
not degrade to an unacceptable level during plant 
operations.
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17.5 Quality Assurance Program Description

During the Design Certification phase for US-APWR standard plant design, the 
MHI-NESH US-APWR Project Quality Assurance Program (QAP) is the top-level policy 
that establishes the quality assurance policy and assigns major functional responsibilities. 
The QAP provides for the methods and establishes the QAP and administrative control 
requirements described in “Quality Assurance Program (QAP) Description For Design 
Certification of the US-APWR (PQD-HD-19005 Rev.3)” (MHI QAPD)(Ref 17.5-4), that 
meet 10 CFR Part 50, Appendix B and 10 CFR Part 52. The MHI QAPD is based on the 
requirements of ASME NQA–1-1994, “Quality Assurance Requirements for Nuclear 
Facility Applications,” Parts I and II, as specified in Ref.17.5-4.

The MHI QAPD for the Design Certification Phase has been prepared on the basis of the 
NRC approved QAP template (NEI, 06-14A Rev.4 and earlier revisions) (Ref 17.5-3) 
prepared by the Nuclear Energy Institute and has been evaluated against the SRP. The 
MHI QAPD provides the controls that implement the QAP. MHI performed a comparison 
of the MHI QAPD against the SRP (Mar. 2007) (Ref 17.5-2) and the draft SRP (Sept. 
2006) (Ref 17.5-1) which was used as a reference for the MHI QAPD and determined that 
the MHI QAPD is satisfactory. 

Business policies of MHI-NESH establish high level responsibilities and authority for 
carrying out administrative functions which are outside the scope of the QAP.

Procedures establish practices for certain activities which are common to all MHI-NESH 
organizations performing those activities such that the activity is controlled and carried 
out in a manner that meets QAP requirements. Organization specific procedures 
establish detailed implementation requirements and methods, and may be used to 
implement the business policies of MHI-NESH or be unique to particular functions or work 
activities.

The COL Applicant is responsible for the development of a Quality Assurance Program 
Description for site-specific design activities and for plant construction and operation.

17.5.1 Combined License Information

COL 17.5(1) The COL Applicant shall develop and implement a Quality 
Assurance Program Description for site-specific design activities 
and for plant construction and operation.

17.5.2 References

17.5-1 “Draft Standard Review Plan (SRP) 17.5 dated September 22, 2006”

17.5-2 “Standard Review Plan (SRP) 17.5 March 2007”

17.5-3 “Quality Assurance Program Description (NEI 06-14A Rev.4 and earlier 
versions)”

17.5-4 “Quality Assurance Program (QAP) Description For Design Certification of the 
US-APWR (PQD-HD-19005 Rev.3)”
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17.6 Description of the Applicant’s Program for Implementation of 10 CFR 50.65, 
the Maintenance Rule

The COL Applicant is responsible for development of the program for implementation of 
10 CFR 50.65, the Maintenance Rule.

17.6.1 Combined License Information

COL 17.6(1) The COL Applicant must provide in its FSAR a description of the 
maintenance rule program , and its for implementation , for 
monitoring the effectiveness of maintenance necessary to meet the 
requirements of 10 CFR 50.65.
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