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FOREWORD

This document is the result of a research and development project administered by the ASME
Standards Technology, LLC on behalf of ASME Nuclear Codes & Standards (C&S).

ASME Nuclear C&S are globally recognized for protection of public health and safety and meeting
the needs of users. ASME Nuclear C&S activities include the development of codes, standards, and
accreditation programs directly applicable to nuclear facilities and technology. These C&S are
developed in accordance with an approved consensus process. For more information about ASME
Nuclear C&S visit http://www.asme.org/cns/ncsnews.

Established in 1880, the American Society of Mechanical Engineers (ASME) is a 120,000 met.ber
professional not-for-profit organization focused on technical, educational and research issu=s o1 he
engineering and technology community. ASME conducts one of the world's large .t technical
publishing operations, holds numerous technical conferences worldwide, and ¢fcrs hundreds of
professional development courses each year. ASME maintains and distributes ¢?0. Codes and
Standards used around the world for the design, manufacturing and installation of mechanical
devices. Visit www.asme.org for more information.

The ASME Standards Technology, LLC (ASME ST-LLC) is a not-for srorit Limited Liability
Company, with ASME as the sole member, formed in 2004 tc:cary ot work related to newly
commercialized technology, expanding upon the former role of ASwi£’s Codes and Standards
Technology Institute (CSTI). The ASME ST-LLC mission inclrdes mecting the needs of industry and
government by providing new standards-related products and . ervices, which advance the application
of emerging and newly commercialized science and technology and providing the research and
technology development needed to establish and maintain the technical relevance of codes and
standards. Visit www.stllc.asme.org for more information.
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SUMMARY

This report documents the historical technical basis and provides an assessment of coherence among
the nuclear power plant risk-informed initiatives that have been undertaken in the ASME Section XI,
Operations and Maintenance (O&M), and Nuclear Risk Management organizations of ASME Nuclear
C&S. Five risk-informed inservice inspection (ISI) and repair/replacement Code Cases are discussed
relative to ASME Section XI initiatives and six risk-informed inservice testing (IST) Code Cases are
summarized relative to ASME O&M Committee actions. Finally, discussion of the ASME
Probabilistic Risk Assessment (PRA) Standard for nuclear power plant applications is provided
including the development of two Addenda to the PRA Standard within the ASME Committee on
Nuclear Risk Management (CNRM).

The conclusion of this review of completed ASME risk-informed initiatives is that coherince
definitely exists across these standards actions. Figure 6 is presented to illustrate the relati=nst.’'n.and
foundation of how the various ASME Code Cases and the PRA Standard are used to im; 'emcnt risk-
informed safety classification (RISC) and treatment of structures, systems, and componen.s (SSCs).
Coherence is derived from the application of a dozen or so common attributes across the risk-
informed ISI, repair/replacement, and IST Code Cases, as given in Table 5.

Because these initiatives emerged at different times and without a centrul plai. that was common
across the ASME Nuclear C&S committees, there is variation in how the «‘tributes are applied. The
applications themselves also contribute to this variation. However, his .=2view of each of the key
attributes shows that consistency still exists across the applications relat.ve to the intent that is to be
derived from each attribute. Variation within an attribute is acceptale us long as its intended purpose
is achieved. However, it is recommended that cognizant groups within the ASME Nuclear C&S
organization review these attributes across current and emerging ASME risk-informed initiatives to
ensure that coherency and consistency are fully achieved.

It is hoped that as the various ASME Nuclear C&S =ommittees continue to move forward in the use
of risk-informed technology in standards develo)hn-cnt actions, this report will be used as a reference
for ensuring or enhancing coherence in future AS. "F initiatives.

vi
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1 INTRODUCTION

The purpose of this report is to document the historical technical basis for and provide an assessment
of “coherence” for the nuclear power plant risk-informed initiatives that have been undertaken in the
Section XI, O&M, and Nuclear Risk Management organizations of ASME Nuclear C&S. In this
context, risk-informed refers to the consideration of relative impact on public health risk, in addition
to traditional factors such as safety margins and defense-in-depth, in determining test, inspection, or
other requirements for Nuclear C&S. Coherence is generally defined as a measure of consistency in
the application of various risk attributes and criteria among the various risk initiatives.

Prior to the development of risk-informed approaches, requirements for safety margins were
developed based on the engineering judgment and experience, sometimes adapted frorn.. ourer
industries, of the expert practitioners constituting the C&S Committees. The accumulation of 11any
years of commercial nuclear plant operating experience and the development of suft.-ien. coasensus
among practitioners and regulators regarding the adequacy of PRA technology, providced a basis for
applying risk-informed techniques within ASME Nuclear C&S. This approach has been used to
identify those SSCs covered by Nuclear C&S that are most risk-significant. . Thes= ore, resources to
address operation, maintenance, inspection, and test activities required by the [ iclei r C&S for these
SSCs could be better focused and more effectively applied while maintaiing = Ligh level of safety. A
key premise of this process is that changes to these requirements vill, at most, result in small
increases in risk that are acceptable per regulatory criteria.

While the technical basis exists for each of the above ASME [<: cicar C&S actions, this document
provides some historical perspective regarding the developn ent of these risk-informed initiatives and
addresses how they may be used coherently with each oJ~er. 4 discussion is also provided on how
these attributes serve as a foundation for emerging or fuvre \isk initiatives that are already underway
or that are being planned within the ASME Nuclear' &S organization.

This report is intended to be used as a means for providing engineers new to the field, and
experienced engineers whose activities may fc cusan only one aspect of using risk technology, with a
general understanding of the key considerat:ow- related to risk insights within ASME Nuclear C&S. It
is not intended, however, to be a friiral tatorial on these topics. The report has been prepared
considering the needs of both U.S. «-d i iternational audiences. To better address the needs of the
latter, background information I'as heen included to help explain why the above initiatives were
undertaken by ASME and Low they may be integrated into a larger risk-informed regulation
framework.

This report focuses on“ uccesstul initiatives within ASME Nuclear C&S for risk-informed ISI, IST,
and the developmer.. «f e PRA Standard for use in nuclear power plant applications. Many other
developments such ©s fr r ASME Section III design activities are also underway; that work, however,
is in the early ~tages 0. development.

The report 1s organized as follows. The background and history of the risk-informed ISI / IST and
PRA Stanac+d developments are provided in Section 1. Section 2 provides details of various ASME
Nucle.r C&S that have been developed and approved for use in the nuclear power industry
woriade. A description of the coherence among these risk-informed standards is provided in
Section .

1.1 Background and History

ASME recognized the need for risk-informed methods in the formulation of policies, codes,
standards, and guides in the late 1980s by organizing multi-disciplinary research task forces on risk-
informed ISI and risk-informed IST. These research groups, financially supported by both domestic
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and international organizations from industry and government, including the U.S. Nuclear Regulatory
Commission (NRC), worked to determine appropriate risk-informed methods for developing
inspection and testing guidelines for several applications. Initial pilot plant applications were used to
demonstrate the proposed methods. A series of ASME publications [References 1-6] presents this
work, which includes both nuclear and industrial applications.

From this work, ASME was able to demonstrate that risk-informed methods offered the potential to
technically enhance existing ISI and IST programs by relating inspection and test requirements to the
failure modes of a component and its associated risk. Codes and Standards development using these
new insights could provide alternative requirements that were more attractive to users compared to
the prescriptive set of general requirements that had been developed using traditional engineering
judgment with some implicit risk considerations. Risk-informed strategies could be structured tc
enhance examinations and tests for high safety significant (HSS) components and to 1uduce
unnecessary requirements for low safety significant (LSS) components. ASME determined th.>t th.se
enhancements could be performed using an existing plant’s PRA when they were h’ensd with
appropriate expert judgment and operational experience. Implementation of these metinds would
offer the ability for industry and the regulator to better focus and allocate limited resources to the HSS
components, thereby enhancing overall plant safety. ISI and IST programs would also now be better
correlated with PRA results and insights for each nuclear plant.

Given these promising results, ASME worked with the NRC, owners, and ' ndu:try groups during the
last decade to incorporate other risk-informed ISI and IST apprcaches o ASME C&S, NRC
Regulatory Guides, and other industry documents. A diagrammatic. outline of the process for
development, endorsement, and implementation of ASME (XS rappears in Figure 1. C&S
development is the result of stakeholder cooperation through intciraces for providing input and
feedback among the cognizant organizations. In addition to NRC and licensee cooperation, ASME
also seeks the cooperation of manufacturers, constructors, designers, laboratories, material suppliers,
and general interest parties. ASME C&S committee a1 volunteers from each of these identified
parties working together to develop consensus C&S i~ address the needs of all stakeholders, including
industry, government, other regulatory bodies, aru the public. Only C&S developed through this
process can meet national consensus standarC: regrirements and the quality expectations of ASME.
The NRC reserves the right to fully or partiilly 2ndorse C&S and to take exceptions or not endorse
these documents in the U.S. regulations

1.1.1 Risk-Informed ISI and '\ ~sting

ASME, in its consensus C& .} piocess, provides three formal methods (in addition to regularly
scheduled Editions) for technical information affecting C&S, to reach the public: Addenda,
Interpretations, and Code Cases. Code Cases are issued for voluntary use to clarify the intent of
existing requiremen’s ¢ to provide, when the need is urgent, rules for a new technology such as the
risk-informed apj licaion processes now being used for ISI and IST.

Code Cases were chosen to incorporate risk-informed research results for ISI and IST. In the case of
ISI, three Code Cases [7-9] have been approved through the efforts of Section XI of the ASME Boiler
and.Pressue Vessel Code (BPVC). In the IST area, the ASME O&M Committee has also developed
a.ser.>s 01 Code Cases [10-15]. These Cases are currently being incorporated into Editions or
Aualende oi their parent C&S or into new C&S. The results of research programs, industry
derelopments, and pilot plant applications on risk-informed technology have formed the technical
"ases for initiating the Code changes.
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Figure 1 - Process to Devel~p ;" SME Nuclear C&S

As these Code Cases are incorporated into their applicable Codes, the NRC needs to reach a decision
on the acceptability of these revisions. As shcwn in Figure 1, the endorsement of ASME C&S is the
sole responsibility of the NRC in conjunciios with implementation of these new requirements by
licensees.

The pilot plants for ISI and IST heg.n'to receive NRC approval in 1998. The remainder of the
industry has developed plant-speu ific programs or is budgeting resources to initiate work on at least
one of these applications at *he p.=:ent time. To support this major initiative, the NRC has developed
Regulatory Guides 1.175 15| nnd 1.178 [17] for plant-specific, risk-informed decision-making for
IST and ISI, respective'v. Tue above ASME information and results were used by the NRC in the
development of these (ocuments, and these ASME applications provided useful examples during the
development of NK R-.gulatory Guide 1.174 [18].

1.1.2 PRA Standard

ASMP recognized that the scope and adequacy of PRAs were important elements encompassing the
abeve |isk-informed C&S applications as well as future initiatives. In the summer of 1997, the ASME
bNCS 1 *commended development of a consensus standard for the use of PRA in the nuclear industry.
Afte. approval of this recommendation by the ASME Council on Codes & Standards, an ASME
Project Team and a new Standards Committee, the CNRM, were formed in early 1998. The mission
of the CNRM was to execute the development of a PRA Standard that would provide a foundation for
all existing and future risk-informed applications for nuclear power plants. ASME issued the Standard
in April 2002 [19].
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