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Abstract  
 

The American Society for Mechanical Engineers (ASME), Boiler and Pressure Vessel Code, 

Section XI is replacing Division 2 and deleting Division 3 of Section XI.  

 

The 2017 Edition of Section XI, Division 2 is entitled Rules for Inspection and Testing of 

Components of Gas-Cooled Plants. Division 3 is entitled Rules for Inspection and Testing of 

Components of Liquid Metal Cooled Plants.  

 

The 2019 Edition will replace Division 2 with Requirements for Reliability and Integrity 

Management (RIM) Programs for Nuclear Power Plants. Division 3 will be deleted. 

 

The historical philosophy of Section XI is to mandate a sufficient number of examinations and 

tests (selected deterministically) to provide assurance that the original safety margins that were 

designed and built into plants are maintained throughout its service life.  

The new standard  uses an approach that may employ both deterministically based, as well as, 

probabilistically derived monitoring and traditional nondestructive examination criteria to protect 

the pressure boundary integrity of a structure, system and component (SSC) that affect 

reliability. 

The new Division 2 is a “technology neutral standard” that may be applied to any reactor 

technology, including light water cooled, gas cooled, liquid metal cooled as well as other 

advanced nuclear power plants. It therefore can be applied to all advanced reactor designs or 

technologies. 

RIM establishes requirements to determine credible degradation mechanisms that could lead to 

the failure of an SSC and imposes Monitoring and NDE (MANDE) criteria to detect the onset of 

those degradation mechanisms. 

There are a number of organizations of advanced design nuclear plants including, small modular 

reactor designs, that have participated in the development of this new Code. This presentation 

provides a summary of the RIM Program and how it is to be implemented.  

Keywords: ASME Section XI, Division 2; Reliability and Integrity Management (RIM) 

Programs for Nuclear Power Plants 
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Introduction 

 

The American Society for Mechanical Engineers (ASME), Boiler and Pressure Vessel Code 

(BPVC) , Section XI is replacing Division 2 and deleting Division 3 of Section XI. This is effective 

with the publication of the 2019 Edition of the ASME BPVC scheduled for July. 

 

As stated by L.J. Chockie, 1975 Section XI, Chair, “The philosophy of Section XI is to mandate a 

sufficient number of examinations and tests (selected deterministically) to provide assurance that 

the original safety that was designed and built into the plant is maintained throughout its service 

life”. [1] 

 

The 2017 Edition and earlier of Division 2 was entitled Rules for Inspection and Testing of 

Components of Gas-Cooled Plants. Division 3 was entitled Rules for Inspection and Testing of 

Components of Liquid Metal Cooled Plants. [2]  

 

These documents are being replaced in the 2019 Edition with a new Division 2 entitled 

Requirements for Reliability and Integrity Management (RIM) Programs for Nuclear Power 

Plants. ASME began the rewrite of Division 2 in 2004. This was the result of a 2003 visit by 

ASME Section XI personnel to the Pebble Bed Modular Reactor (PBMR) project in South Africa. 

The basis to update Division 2 was to incorporate experience with risk-informed inservice 

inspection (ISI) of light water-cooled reactors and to translate water-cooled reactor experience to 

high-temperature gas-cooled reactors.  By 2010 the Division 2 re-write was near completion when 

the Republic of South Africa withdrew the funding for the PBMR project.  

 

In 2011 small modular integrated, pressurized water reactors (SMR/IPWR) came to the forefront 

of design and licensing efforts. During the period between 2011 – 2012 ASME and the American 

Nuclear Society (ANS) formed a Joint Committee on Nuclear Risk Management (JCNRM). The 

JCNRM Consensus Committee is responsible for the preparation and maintenance of voluntary 

consensus standards that establish safety and risk criteria and methods for completion of 

probabilistic risk analysis (PRA) and risk assessments.  

 

The JCNRM is responsible for several standard projects including, ASME/ANS RA-S-1.4-2013, 

"Probabilistic Risk Assessment Standard for Advanced Non-LWR Nuclear Power Plants" and 

ASME/ANS RA-S 1.5, "Advanced Light Water Reactor PRA Standard."  

  

Based on these evolving events in 2012, ASME Section XI redirected the Special Working Group  

on Reliability and Integrity Management (RIM) Program (BPV XI) to rewrite Division 2 to address 

the (SMR/IPWR) designs. Section XI also requested that the JCNRM reclassify the Non-Light 

Water Reactor (LWR) Standard as “Technology Neutral,” for application to new SMR/IPWR 

designs including water-cooled designs. In August 2018, the Special Working Group RIM was 

elevated to become a standing ASME Subgroup concurrent with the anticipated publication of 

RIM. Division 2 (RIM) includes technology-specific appendices intended to account for different 

reactor designs for ISI parameters.  
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The Subgroup on Reliability and Integrity Management (RIM) Program (BPV XI) was formed to 

develop, review, and maintain, for publication in Section XI of the Boiler and Pressure Vessel 

Code, requirements for protecting  integrity of structures, systems and components (SSCs) that 

affect reliability. It is applicable to all advanced design reactor technologies. RIM establishes 

requirements to determine credible degradation mechanisms that could lead to the failure of SSC 

and imposes Monitoring and NDE (MANDE) criteria to detect the onset of those degradation 

mechanisms. It is a “technology neutral standard” that may be applied to any reactor technology, 

including light water cooled, gas cooled, liquid metal cooled as well as other advanced nuclear 

power plant designs.  

Areas covered include defining the requirements and responsibilities for the following: 

- Implementation of the RIM Program  

- The RIM Expert Panel and MANDE Expert Panel 

- Scope of the SSC to be included in the RIM Program  

- Developing Reliability Target values to be assigned to SSC  

- MANDE methods, techniques, procedures, personnel qualifications, frequency of inspection, 

records and evaluation and disposition of MANDE results through performance demonstrated 

MANDE protocol 

- Continuously evaluating SSCs performance for onsets of degradation to maintain the 

reliability of in scope SSC, repair/replacement activities  

- Procedures for analytical evaluation of plant operating events, and 

- The regular update of the RIM Program and MANDE parameters through gained operating 

experience as a continuous living program.  

 

RIM is applicable regardless of the Construction Code classification initially employed for the 

construction of a SSC as well as a complete nuclear power plant that has met all the requirements 

of the Construction Code. 

The Mandatory Appendix I, Figure I-1-1, Structures, Systems and Components (SCCs) 

Monitoring and Nondestructive Examination (MANDE) Reliability Targets, Reliability and 

Integrity Management (RIM) Decision Flowchart (Figure 1, RIM Concept) [3] provides a 

conceptual framework of the RIM program.  
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Figure 1. RIM Concept 
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As detailed in RIM-1.1 SCOPE (b), The RIM program addresses the plant life cycle and shall 

select and implement a combination of monitoring, examination, tests, operation, and maintenance 

requirements that ensure structures, systems and components (SSCs) meet the plant level risk and 

reliability goals (i.e., Reliability Targets) that are selected for the RIM program.  The RIM process 

consists of the following steps: 

    (1) RIM Program scope definition 

    (2) Degradation Mechanism Assessment 

    (3) Plant and structures, systems and components (SSCs) Reliability Target allocations                                            

originating from the Probabilistic Risk Assessment (PRA) 

    (4) Identification and evaluation of RIM strategies 

    (5) Evaluation of uncertainties 

    (6) RIM Program implementation 

    (7) Performance monitoring and RIM Program updates 

 

A reliability target is defined as “a performance goal established for the probability that an 

SSC will complete its specified function in order to achieve plant-level risk and reliability 

goals.” 

 

The Owner is responsible for a number of items, including establishing a RIM Expert Panel 

(RIMEP) in accordance with Mandatory Appendix VI that shall be responsible for overseeing the 

RIM Program development and implementation in accordance with Article RIM-2, and the 

performance of the evaluations for Alternative Requirements in accordance with Nonmandatory 

Appendix A.   

The RIMEP is responsible for the technical oversight and direction of the risk-informed aspects of 

RIM program development and implementation. As detailed in Mandatory Appendix VI-1, 

Overview, VI-1.1, Responsibilities and Qualifications of RIMEP, the formation and selection of 

the RIMEP is crucial to the programs successful implementation. The criteria for the RIMEP is 

delineated below. 

(d) The work of the RIMEP will be independent from production and operational concerns and 

will be provided with full access to necessary data and will additionally be adequately funded 

and provided with reasonable time to complete its work. 

(e) The RIMEP will be formed by, and be responsible to the Panel Chairman (PC). The PC 

will have a broad base of knowledge of power plant, system, and component reliability, as well 

as plant PRA methods and insights, together with a working knowledge of inspection, 

monitoring, operation, examination, test, and maintenance activities affecting SSC reliability. 

The PC will hold a minimum of four-year technical degree from an accredited college or 

university. In addition, the PC will have a minimum of 10-years of experience in systems risk 

and reliability, including at least five years in a nuclear power plant environment.  The PC 

shall be organizationally independent from the plant owner’s organization. 

(f) The initial composition of the RIMEP shall be determined by the PC and include members 
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with in-depth knowledge of all the relevant technical areas related to RIM for a specific 

nuclear power plant design including the following: 

(1) PRA 

(2) development of RIM Reliability Targets 

(3) application of the RIM process 

(4) monitoring, inservice inspection and NDE 

(5) systems and component performance 

 

In addition to the RIMEP another key element to the program is the Owner is responsible for 

establishing a Monitoring and NDE Expert Panel (MANDEEP).  This panel supports the RIMEP 

by establishing the appropriate MANDE criteria for each SSC within the program, so the SCC is 

actively evaluated for the onset of any credible damage mechanism(s) and assures that selected 

MANDE supports and maintains established Reliability Targets throughout a SSC’s life cycle.  

Additionally, MANDEEP uses relevant operating experience to adjust/modify MANDE or 

MANDE frequencies assuring SSC Reliability Targets are maintained.  

The MANDEEP is responsible for overseeing the qualification of MANDE methods and 

techniques in accordance with Mandatory Appendix IV, Monitoring and NDE Qualification, under 

the RIM Program. This Appendix provides requirements for performance-based qualification of 

monitoring and nondestructive examination (MANDE) methods and techniques.  

It addresses qualification of the personnel, procedures, and equipment. A performance-based 

system verifies and documents that MANDE methods and techniques selected are capable of 

performing tasks to produce outputs to meet defined industry requirements as shown in Figure 2, 

MANDEEP Performance-Based Process.  

Further, the qualification requirements described support the Reliability Targets identified in the 

Owner’s Design Specification based on RIM Reliability Targets for MANDE selected for an 

applicable structure, system, or component (SSC) as required by RIM-2.7.6, Examination and 

Inspection Requirements for RIM.  This process is described in Mandatory Appendix I, Figure I-

1-1 through Figure I-1-7 and Appendix IV. 
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Figure 2. MANDEEP Performance-Based Process 

Another aspect for implementation of Division 2 is the Authorized Inspection Agency (AIA) 

involvement.  The Owner is responsible for establishing an arrangement with an AIA, recognized 

by the ASME or national regulatory authority, to provide inspection services.  

The Authorized Nuclear Inservice Inspectors (ANII) will need to carry out inspections that will 

follow the specific RIM program developed for the individual reactor technology.  This will 

require ANIIs to become familiar with plant-specific designs and specific RIM program 

documents since RIM programs for one design may not be appropriate to a different reactor 

design/technology given that each RIM program is tailored for a specific reactor design 

configuration.  The National Board of Boiler and Pressure Vessel Inspectors has been actively 

involved in the development of this program, through National Board and AIA member 

participation on the ASME Standards Committee. 

The NRC has been advocating the use of integrated risk information and performance measures 

into the agency's regulations, regulatory guidance, and oversight processes for a number of years. 

ASME has kept the NRC apprised of the progress and detailed approach included in Division 2. 

Specifically,  RIM-1.7 REGULATORY REVIEW states, “Regulatory bodies may adopt the 

provisions of Non-Mandatory Appendix B for reporting requirements established by this 

Division.” This Appendix is intended to facilitate regulatory or enforcement authorities having 

jurisdiction at a nuclear plant site whether within the USA or outside the United States by allowing 
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the regulator to adopt or take exception to these administrative requirements, as they deem 

appropriate.   

Based on current discussion, it is anticipated that Division 2 will not actually be endorsed by the 

USNRC via 10CFR 50.55a.  The reason is that unlike Division 1, RIM provides a process for 

developing an ISI program, whereas Division 1 sets the actual prescriptive requirements for a LWR 

ISI program. What is being asked of the USNRC is to endorse RIM as an acceptable process that 

may be used to develop an ISI program via some regulatory vehicle such as Regulatory Guide, 

RIS, NUREG, etc. rather than mandating it under 50.55a. 

There are a significant number of countries outside the US that are pursing the use of a RIM 

approach for their commercial nuclear plants. For example, the Canada Nuclear Safety 

Commission (CNSC), updated in August 2017, REGDOC-2.6.1, Reliability Programs for Nuclear 

Power Plants. [4] This document captures the existing requirements previously found in RD/GD-

98, Reliability Programs for Nuclear Power Plants, and replaces the latter document. This 

regulatory document describes the essential elements of a reliability program, including reliability 

assessment, modelling, evaluation and monitoring. Canada adopts and implements several of the 

ASME Code provisions into their programs. 

Another country that strongly embraces the RIM approach is Japan. Section XI has an 

ASME/Japan Society of Mechanical Engineers (JSME) Joint Working Group on RIM Processes 

and System Based Code. Their charter is to develop, review, and maintain, for publication in 

Section XI RIM (Division 2) of the Boiler and Pressure Vessel Code, requirements for the 

development of the RIM Process, establishing parameters for the formulation of Reliability 

Targets, PRA criteria, RIM reporting requirements and RIM specific Repair Replacement 

Activities. The Working Group may also develop System Based Code requirements, coordinating 

the requirements for construction and RIM.  

Other countries that use the ASME Section XI Code are also considering the use of Division 2 for 

their current and future plants. 

The organization of RIM Division 2 is as detailed below[3]: 

TABLE OF CONTENTS 

 

Article RIM-1  SCOPE AND RESPONSIBILITY 

Article RIM-2 RELIABILITY AND INTEGRITY MANAGEMENT (RIM) PROGRAM 

Article RIM-3  ACCEPTANCE STANDARDS 

Article RIM-4  REPAIR/REPLACEMENTS ACTIVITIES 

Article RIM-5  SYSTEM LEAK MONITORING AND TESTS 

Article RIM-6  RECORDS AND REPORTS 

Article RIM-7  GLOSSARY 

 

MANDATORY APPENDICES 

 

APPENDIX I RIM DECISION FLOW CHARTS 

APPENDIX II   STRUCTURE, SYSTEM, COMPONENT RELIABILITY TARGET 

DETERMINATION 
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APPENDIX III OWNER'S REPORT FOR RIM PROGRAM ACTIVITES 

APPENDIX IV MONITORING AND NDE QUALFICATION 

APPENDIX V CATALOG OF NDE EXAMINATION REQUIREMENTS AND AREAS 

OF INTEREST 

APPENDIX VI RELIABILITY AND INTEGRITY MANAGEMENT EXPERT PANEL 

(RIMEP) 

APPENDIX VII SUPPLEMENTS FOR DIFFERENT TYPES OF NUCLEAR PLANTS 

Article VII-1  SUPPLEMENT FOR LIGHT WATER REACTOR–TYPE PLANTS 

Article VII-2  SUPPLEMENT FOR LIQUID METAL REACTOR–TYPE PLANTS 

Article VII-3  SUPPLEMENT FOR HIGH TEMPERATURE GAS REACTOR–TYPE 

PLANTS 

Article VII-4  SUPPLEMENT FOR MOLTEN SALT REACTOR–TYPE PLANTS 

Article VII-5  SUPPLEMENT FOR GENERATION 2 LWR REACTOR–TYPE PLANTS 

Article VII-6  FUSION MACHINE–TYPE PLANTS 

 

NONMANDATORY APPENDICES 
 

APPENDIX A ALTERNATE REQUIREMENTS FOR NDE EXAMINATIONS AND 

MONITORING  

APPENDIX B REGULATORY ADMINISTRATIVE PROVISIONS FOR NUCLEAR 

PLANTS USING RIM PROGRAM 

 

NOTE: The numbering scheme for RIM is different than what is used by ASME XI Division 1. 

This numbering hierarchy was provided by the ASME Editors. They advised that this new structure 

is essential to preclude the possibility of “running out” of Article and Sub-Articles numbers that 

presently may occur. Consequently, the 2019 Edition is not numerically sequenced as is used by 

ASME XI Division 1.  

 

Summary 

 

Division 2 is a major paradigm shift from the deterministic approach to ASME Section XI, 

Division 1 requirements. Section XI, Division 1 has been implementing some risk-informed 

options with limited scope as address in Non-Mandatory Appendix R and various Code Cases. A 

number of these Code Cases have been approved or approved conditionally by the NRC in 

Regulatory Guide 1.147, Inservice Inspection Code Case Acceptability, ASME Section XI, 

Division 1, Revision 18.  

 

However, Division 2, applies an alternative ISI approach to designs other than traditional light-

water reactors.  Advanced light water-cooled nuclear reactors and small modular reactors have 

varied designs. Thus, the RIM process of Division 2 has been developed to address the ISI 

activities needed to accommodate these new technologies.   

 

As previously addressed, the RIM process can be used for any reactor design; provide more 

appropriate MANDE criteria; and serve as a living program to monitor aging effects or risk 

significant SCCs. Commercial nuclear power is  moving toward new designs, miniaturization, etc., 
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but reactor safety and long-term reliability remains paramount for its success. ASME understands 

that the RIM process of Division 2 can better accommodate these changes while maintaining long-

term safety and reliability.  

 

The ASME Section XI, Subgroup on Reliability and Integrity Management (RIM) Program 

Committee recognizes that the implementation of Division 2 will face some challenges.  As with 

any new document it is anticipated that there needs to be significant work to educate those who 

apply this newer approach to ISI program development.  Efforts are underway to develop some 

information sessions and Non-Mandatory Appendix to provide guidance to help those who need 

to use these requirements. And of course, with use there will be revisions required to better clarify 

the requirements.  The Committee is committed to supporting these needs. 
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