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Viewpoints in the Unites States to Review a PRA for a Nuclear Power Reactor

- Level 1, Internal Events at Power PRA -

UEDA Haruaki and HAMAGUCHI Yoshikane
Division of Research for Severe Accident,
Regulatory Standard and Research Department,
Secretariat of Nuclear Regulation Authority (S/NRA/R)

Abstract

In Japanese nuclear regulation, probabilistic risk assessment (PRA) is used to quantitatively
evaluate the significance evaluation of findings in the nuclear regulatory inspection and to evaluate
safety improvements for licensee’s notification. The Nuclear Regulation Authority (NRA) verifies
both the adequacy of a licensee’s PRA model for evaluating inspection findings and the soundness
of the assessment methods, data and the technical basis used in the notification for safety
improvement.

To gather reference information on the technical foundation and adequacy of PRA models, we
investigated U.S. expert perspectives on Level 1, internal-events-at-power PRA for nuclear power
reactors. In the United States, one acceptable method for ensuring that a PRA used in regulatory
decision-making conforms to the U.S. Nuclear Regulatory Commission’s (NRC) position is to
design the PRA in accordance with the requirements established by the American Society of
Mechanical Engineers (ASME) and the American Nuclear Society (ANS) PRA standard (hereafter
referred to as the U.S. PRA standard). A peer review is then conducted to confirm that the PRA
meets these requirements. The U.S. PRA standard defines high-level requirements as the minimum
criteria for a PRA, with each high-level requirement supported by a set of criteria (i.e., supporting
requirements). By meeting all supporting requirements for a given high-level requirement, a PRA
is considered to have satisfied that requirement. Similarly the verification of a licensee’s PRA
model in Japan, in the U.S., peer review is conducted to confirm the assessment methods. Our
research was undertaken to compile and document the knowledge and experience of U.S. PRA
experts regarding each individual supporting requirement in the U.S. PRA standard.

This note presents key interpretations of these supporting requirements (i.e., viewpoints for PRA
review), outlines essential PRA attributes, and provides examples of both compliance and non-
compliance with each of the 1892 non-documentation supporting requirements related to the
technical items specified in the ASME/ANS Level 1, Internal Events At-Power section of the U.S.
PRA standard. It offers comprehensive information on current PRA practices, including
implementation methods, related analyses, and examples of deficiencies. This note is intended as a
useful reference for future PRA reviews and represents a compilation of expert insights on the U.S.
PRA standard, however, it does not guarantee compliance with the standard.

2 Requirements for the documentation are excluded.
il
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ANS American Nuclear Society CK[EJF - /15¢2)

ASME American Society of Mechanical Engineers (K [E #5572 2)

BWR boiling water reactor (¥ /K 2 J51-JF)

CDF core damage frequency (P /Lo 554 L)

EPRI Electric Power Research Institute (CK[E 7 /1 WF 58 7T)

FMEA failure mode and effect analysis (zf&-E — N Z74T)

HEP human error probability (A FJlE R 3)

HFE human failure event (AFJIEHFRFG)

HLR high level requirement ({7 L~ /L Zif4:)

IAEA International Atomic Energy Agency (|E &R 7 /1#%E8)

NEI Nuclear Energy Institute CKEJR 7 /)= %L ¥ —h2)

NRA Nuclear Regulation Authority (Jii-7 J#ilZE A<

NRC Nuclear Regulatory Commission CK[E/JFF ) HiilZE B %)

OECD/NEA/ Organisation for Economic Co-operation and Development / Nuclear Energy

CSNI Agency / Committee on the Safety of Nuclear Installations
(FE 5 1 71 B T A/ I 7 T B/ 7 I ek 2 2 ZE B )

RG regulatory guide CKEHLH 7T A )

PRA probabilistic risk assessment (fE=RFmHY Y & 7 FFAh)

PWR pressurized water reactor (INF 7K Y JiL 147 )

RES Office of Nuclear Regulatory Research (J5i-7 /LI 5E)5)

SR supporting requirement (78— |~ E{F:)

WGRISK Working Group on Risk Assessment (U A7 GV —% > 7 7 )L —7)
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#® 4.1 BRI O 5 VAN — P B L B S B ERRO6 (1/3)
PAR— b . o

PR — P EAOFH ! B9~ % ARG SR
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IE-Al IDENTIFY those initiating events that challenge normal plant operation | PRA L &= — O 5 (#FY) -

and that require successful mitigation to prevent core damage by using a_

structured, systematic process for identifying initiating events that

accounts for plant-specific features. For example, such a systematic

approach may employ master logic diagrams, heat balance fault trees, or

failure modes and effects analysis (FMEA). Existing lists of known

initiators are also commonly employed as a starting point.
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K 4.1 HhRBRERD 5 A — b L R L AR R OH] (2/3)

HAR— kK 3 . .

PR — FEEOFH ! B3E 9 % i ARG R
HLf:
SY-B8 IDENTIFY spatial and environmental hazards that may impact multiple | PRA L & = — O & (k) -

systems or redundant components in the same system, and INCLUDE
them in the system fault tree or the accident sequence evaluation.
Example: Use results of plant walkdowns as a source of information
regarding spatial/environmental hazards, for resolution of
spatial/environmental issues, or evaluation of the impacts of such

hazards.
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PAR— h o ,
— M EAFOFIH ! ESPE A RRAY RS S

HE

HR-G6 ENSURE the consistency of the post-initiator HEP quantifications. PRA L B =2— DA (BB

Review the HFEs and their final HEPs relative to each other to ensure

their reasonableness given the scenario context, plant history, procedures,

operational practices, and experience.
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