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ABSTRACT

This report is an update of a report of the same title dated June 1984 and
presents the results of a project designed to compare and contrast Japanese and
United States nuclear power plant operating experience, preventive mainte-
nance/surveillance requirements, and organization and management practices
relating to maintenance. Findings are based on information obtained on the
November-December 1983 ana ‘ovember 1984 visits to Japan by the NRC and repre-
sentatives of Battelle's Pacific Northwest Division, and on various documents
obtained from the Japanese (primarily the Ministry of International Trade and
Industry--MITI) during and subsequent to the visits. U.S. data sources
included NUREG-0020 (Greybook) and plant technical specifications. The study
shows that Japanese plants experienced far fewer manual shutdowns, manual
scrams, automatic scrams, and reduced loads than U.S. plants and tiat their
mean-time-between-event (MTBE), even when adjusted for differences in average
plant availability, was approximately 10 times greater than the U.S. MTBE. The
report also points out significant differences in the Japanese approach to pre-
ventive maintenance, and in the Japanese regulatory approach to maintenance,
their management and organizational context for maintenance, and other socio-
economic factors that may affect the performance of maintenance.

iii



EXECUTIVE SUMMARY

PURPOSE

The purpose of this report is to present the results of work on a project
entitled "Analysis of Japanese-U.S. Nuclear Power Plant Maintenance." This
report is an updated version of the June 1984 report of the same title. It
contains information obtained from the Japanese as part of the Bilateral Info--
mation Exchange program between the NRC and The Ministry of International Trade
and Industry ?MITI), including the 1983 Japanese operating experience.

BACKGROUND

The Deputy Director, Division of Human Factors Safety, Office of Nuclear
Reactor Regulation (DHFS/NRR), accompanied by representatives from Battelle's
Pacific Northwest Laboratory (PNL), and Human Affairs Research Centers (HARC),
visited Japan between November 28 and December 11, 1983, to examine Japanese
maintenance practices, focusing particularly on preventive maintenance. The
trip resulted in the acquisition of numerous documents on preventive mainte-
nance and other aspects of Japanese maintenance practices, including the
10-year work plans for annual inspections for the Genkai (Kyushu Electric Power
Company) and Fukushima Daini (No. 2) (Tokyo Electric Power Company) Nuclear
Power Plants, as well as the results of previous inspections at inese plants.
As a result of the visit to Japan, contacts were established with government
agencies and industry organizations. A delegation of government and industry
representatives from Japan visited the U.S. in February 1984 and met with the
NRC staff and representatives of utilities, an NSSS vendor, Sandia National
Laboratory and Battelle,

In November 1984 the Deputy Director, Division of Human Factors Safety,
again visited Japan to participate in the Bilateral information Exchange meet-
ings. A member of the Battelle project team also participated in two of the
meetings. In preparation for the meetings, a number of questions were formu-
lated to fill in gaps in information about the Japanese maintenance system.
These questions were submitted to MITI prior to the meetings, and much of the
information incorporated in this revision of the report was received from MITI
in response to these questions. Included in the information from MITI was the
1983 operating experience of Japanese reactors.,

The Japanese documents were analyzed and compared with U,S, information to
determine the differences in the approaches to the regulation and practice of
nuclear power plant maintenance.

PROJECT OBJECTIVE

The objective of this project is to asses: the degree to which differing
Japanese and U.S. approaches to the regulation and practice of nuclear power
plant (NPP) maintenance may explain the difference in reactor trips and safety



equipment availability between U.S. and Japanese plants, and to assist in the
continuing dialogue with the Japanese.

PROJECT ORGANIZATION

This project consisted of three primary tasks: 1) assessing the differ-
ence in Japanese-U.S. NPP operating experience, 2) assessing Japanese mainte-
nance organizational and management practices, and 3) comparing and contrasting
Japanese preventive maintenance practices with U,S. surveillance practices.

Task 1. Assess the Difference in U.S. and Japanese NPP Operating Expe-
rience

This task involved an assessment of the U.S. and Japanese NPP
operating experience for 1981-1983 in order to draw some prelimi-
nary conclusions about factors that may be influencing the sig-
nificant differences found in such indicators as number of
automatic trips, forced outages, and capability/availability
factors.

Task 2. Assess Japanese NPP Maintenance Organization and Management
Practices

This task involved assessment of Japanese maintenance organiza-
tions, management personnel, and other factors within the context
of Japanese cultural, economic, and government systems. The
results of this task, along with the results of Task 1, were used
in conjunction with Task 3 results to assess factors influencing
differences in Japanese and U.S. operating experience.

Task 3. Compare and Contrast Japanese and U.S. NPP Preventive Maintenance
Requirements

- This task involved a review of the Japanese documents concerning
preventive maintenance (PM) regulatory requirements and a compar-
ison of these requirements with U.S. PM requirements, in order to
contrast the two countries' approaches. Plant technical specifi-
cations from four U.S. plants known to be comparable to the
Japanese plants Genkai 1 and Fukushima-Daini 1, were ,eviewed to
determine NRC-mandated PM requirements. Findings from Tasks 1
and 2 of the project were incorporated in Task 3 in order to
assess factors that may be influencing the differences in
Japanese and U.S. operating experiences.

SUMMARY OF MAJOR PROJECT FINDINGS

. The Japanese reactors experience significantly fewer trips than
U.S. reactors. This is true even when the data are normalized
for number of plants operating, total megawatts produced per year
and similar factors. Nor are the differences due to differences

vi



in trip set points or technical specifications since Japanese
requirements are very similar and in many cases identical to
those in the U,S.

A significant percentage of trips (both manual and automatic) are
caused by balance of plant (BOP) problems. This is true for both
Japan and the U.S. The absolute number of trips in Japan is far
smaller than in the U.S.

Japanese reactors had a mean-time-between-event (MTBE) for auto-
matic scrams that was approximately 10 times greater than their
U.S. counterparts.

U.S. plants had a significantly higher rate of repetitive trips
than their Japanese counterparts.

The average availability of U.S. plants decreased steadily from
1981 to 1983, while Japanese plant availability increased over
the same period.

The overall capacity factors for the U.S. for 1981, 1982, and
1983 were 57%, 60% and 58%, respectively. For Japan the overall
capacity factors for 1981, 1982 and 1983 were 58%, 66% and 69%,
respectively.

In the U.S. plants, almost all technical specifications-mandated
surveillances consist of ensuring the operability of safety-
related equipment through functional, administrative or visual
verification. In Japan, on the other hand, the emphasis is on an
extensive preventive maintenance program on both safety-related
and BOP equipment. To a large extent, Japanese preventive main-
tenance consists of the disassembly and inspection of individual
components,

The Japanese maintenance program is based on a legal requirement
to conduct an annual inspection of every nuclear power plant,

The Japanese have in place a structured, industry-wide program of
preventive maintenarce. Their program consists of four fundamen-
tal elements: 1) a statutory annual inspection; 2) a voluntary
internal inspeciion (conducted concurrently with the statutory
annual inspection); 3) special work, including back fitting and
corrective maintenance; and 4) routine inspection. The first
three elements are conducted annually during a maintenance out-
age, The last element, "routine inspection," is conducted during
plant operation,

The MITI involves itself to a great extent in the preventive
maintenance program by witnessing a significant number of mainte-
nance activities during each plant's annual outage. Selection of
maintenance activities to be witnessed is based in part on the
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safety significance of the equipment but MITI also witnesses
maintenance of BOP components. MITI uses a contractor as well as
its own staff to witness maintenance activities.

In general, the numbers and types of components subject to
inspection are much greater than current technical specification
requirements in the U,S. In addition, the inspection frequently
goes beyond visual inspection to include disassembly and measure-
ment for wear. The annual inspection takes approximately three
months.

The central role of nuclear power in the Japanese plan of energy
self-sufficiency greatly influences its regulatory structure.

The group orientation of the Japanese society to an important
extent determines the form and practice of management and its
organizational structure within the nuclear industry.

Maintenance in Japanese plants is often done by teams of workers
cross-trained so that jobs are rotated. Teams are responsible
for the quality of the workers' performance.

The group orientation of the Japanese society in combination with
the Japanese system of labor relations impacts the way mainte-
nance activities are structured and carried out.

The use of subcontract organizations to perform maintenaice is a
very common practice in the nuclear industry in Japan. During
the scheduled maintenance outages, most of the work is conducted
either by personnel supplied by the vendors or by subcontractor
organizations.

The Japanese nuclear industry is characterized by close, stable
relationships between the utilities, vendors and subcontrac-
tors. The implications of plant maintenance are significant,
with vendors providing continuing maintenance and maintenance
training for the utilities. Maintenance subcontractors provide a
stable maintenance work force for scheduled maintenance activi-
ties, These patterns appear to allow the utilities to have a
highly reliable maintenance program and work force.

viti



ACKNOWLEDGMENTS

There are a number of people who were not primary authors of this report
but whose contributions were essential to the success of the project and the
report.

William T. Russell and John P, Jankovich of the NRC Division of Human
Factors Safety and Richard V. Badalamente of the Pacific Northwest Laboratories
provided advice, technical assistance, and management support.

Drs. Tsukasa Namekata of Battelle's Human Affairs Research Centers and
Paul Lewis of Battelle's Pacific Northwest Laboratory contributed both their
knowledge of the Japanese language and their insights into the Japanese point
of view.

Special thanks are due to Mr. Teruo Yagi of the Battelle's Human Affairs
Research Centers, our representative in Tokyo, who did an outstanding job of
arranging every aspect of our visits to Japan and coordinated the visit of the
Japan delegation to the U.S.

ix



CONTENTS

ABSTRACT

EXECUTIVE SUMMARY
ACKNOWLEDGMENTS .
1.0 INTRODUCTION

1.1 PURPOSE

1.6 SOURCES OF DATA

SUMMARY OF MAJOR PROJECT FINDINGS

2.1 OPERATING EXPERIENCE

2.2 MAINTENANCE PROGRAMS

2.3 ORGANIZATION AND MANAGEMENT PRACTICES

COMPARISON OF JAPANESE-U.S. NUCLEAR POWER PLANT
OPERATING EXPERIENCE

3.1 SUMMARY OF FINDINGS
3.2 REACTOR TRIP SETPOINTS

ANALYSIS OF EVENT DATA

EVENT RATES AND MEAN TIME BETWEEN EVENTS
UsSe= JAPANESE SISTER PLANTS

3.6.1 Event Data - Sister Plants

3.6,2 Availability - Sister Plants




5.0

3.7

3.6.3 Event Rate and Mean Time Between Events -
Sister P]ants .0....0...Q.l....'..l-I..ll..'...'..".

ANALYSIS OF AUTOMT!C REACTOR TRIPS LA L L O I I I O O O
3.7.1 Autmatic Trips 1" 1981 L L I L I I A
3.7.2 Autmatic Trips in 1982 A L L L O O R I R

3.7.3 Autmatic Trips in 1983 L

JAPANESE PREVENTIVE MAINTENANCE PRACTICES seveesescoscsssesccnnsns

4.1

4.2
4.3
4.4

ANNUAL INSPECTION OUTA(I LR R R N R N NN Y
4.1.1 Description of the Inspection Process ..eeececececcss

4,1.2 The Role of the Japanese Government in
PPRNEDETVE MRINCORBRER civsorsvnrerssssniasnsasstssss

4.1.3 Radiation Exposure During the Annual Inspection .....
OPERAT™ . SURVEILLANCE TESTING IN JAPAN sevvvevesvvconanas
U.Se » PARESE PRACTICES sovoossssscnnssnssnsapssssesosnes
SUMMARY AND GENERAL OBSERVATIONS .evvvvvsescoscnsanensasasse

ORGANIZATION AND MANAGEMENT PRACTICES AT JAPANESE POWER PLANTS ..

5.1

5.2

5.3

THE WNCLEAR. TNDUSTRY: BN JAPAN .ociossvcsssssasstsssssrsins st
5.1.1 Description of the Nuclear INdustry sveeeeececesssess
DoliZ NBLY sssconnsnessonasssesssanstsssiassesssntsvossss
THE REGULATORY CONTEXT sossssorssssnsinsssrssbisssbosnssssss
Sslsd RODIIIRUPY SEPUCRURE sonsscinssnesbhonsssessiitnsenan
5.2.2 ReQUIALOry ProCeSS seseeesssssssosssenssnnssnnssssnse
5.2.3 Utility-Regulatory Agency ReTatiONS seveeesscscsosose
BEEN  SUIIRIY - 5550506 ¢ 500545 0beids o8 s 008t eha s e tbevssotets st
UTILITY RELATIONS WITH VENDORS AND CONTRACTORS seveessscccss
5.3.1 Utility-Vendor RelationS .useveesesssscsscsssssconcss

5:3.2 Utility-Contractor RElations .eeeeeeseesecccsssssssss

xii

4-6
4-7
4-8
4-8
4-10
5-1



5.4 MANAGEMENT AND ORGANIZATION ...ceveesssssacssscsassasnncnnes
5.4.1 Human Resource Management ......ceeevecosscssssnsnsss
$.8.2 LabOr ROIBLIONS .occccccoscnssnsscosnsssncssnsncssene
5.4.3 Organization Structure and ProcCessS ....eeeeeevsasesse

5.‘.‘ Smry LA AR AR R R R R R R I I O O I

5.5 SUMMARY OF ISSUES RELATIVE TO ORGANIZATION AND
MMGE"ENT pRACT!CES LA AR R R R R R RN I A Y

6.0 REFERENES LA AR R R R R R R R R N S R R R R}
APPEwlx A: ANUSTED EVENT DATA LA AR R R R L R Y

xiii

5-19
5-19
5-19
5-24
5-25
5-30

5-30
6-1
A-1



3.1

3.2

3.3

3.4

3.5
3.6

a.1
5.1
9.2
5.3
5.4
5.5
A.l

A.2

F IGURES
Average Number of Events Per Full-Year Commercial Operating
RQGCtOPS fOf 1981’1983: UoSo - Japﬂﬂ L I I A

Average Nuclear Power Plant Availability 1981-1983:

U.S. - Japan ..N..........‘...........l................'....0....

Mean Time Between Event Per Full-Year Commercial Operating
Reactor fOf 1981‘1933: U.S. 'Japaﬂ L I I I R T

Average Events Per U.S. and Japanese Sister Plants

for 1981-1983 ........Q'l.....l.........................l........

Availability of U.S, and Japanese Sister Plants for 1981-1983 ...

Mean Time Between Event Per U.S. and Japanese Sister Plants
for 1981-1983 ..O........l..'.0.....0.0.00.........l..l..........

Example of BWR'S STart-up SeQUENCE ..veeveeeveeeeensoenonsnnnnnns
Distribution of Power Generation by Type Of SOUFCE +vvevvveveeses
Major Governmental Units Engaged in Nuclear Reactor Regulation .,
Typical Utility Organization ...veeeeessesecsecccnsossessseosnnns
Typical Nuclear Power Plant OrganizZation ..eeeeeesesesssesseesses
Typical Maintenance OrganizZation .....eeeeeeseeeeeosessssnesnnnes

Adjusted Events Per Full-Year Commercial Reactor Operation
for 1981-1983: U.S. - Japan ...l......l......l......0‘..........

U.S. and Japanese Sister Plant CompariSon ...eeeeeseeeeseseesenss

xiv

3-7

3-9
3-11

3-13
4-5
5-6
5-8

5-26

5-27

5-29

A-1
A-2



3.1

3.2
3.3
3.4
3.5
3.6
3.7
3.8
3.9
3.10
.1
3.12
3.13

3.14

3.15
3.16
4.1

4.2

4.3

4.4

TABLES
High and Low Individual Plant Availability/
CAPRCILY/MIBE. FRCROPE sonucovornossconssinessnssnsssnasasssssssoss
TPID SEC-POInt COMPAPIBONE soscoscssncnsssssvssnoboliboresonsssbee
1981 BOP Equipment-Related Auto Trips at U.S. REACLOFS sevvvveves
1981 Personnel Error-Related Auto Trips at U.S. Reactors ........
1981 BOP Equipment-Related Auto Trips at Japanese Reactors ......
1982 BOP Equipment-Related Auto Trips at U.S. REACLOPS vevvveeoes
1982 Personnel Error-Related Auto Trips at U.S. Reactors ........
1982 BOP Equipment-Related Auto Trips at Japanese Reactors ......
1982 Personnel Error-Related Auto Trips at Japanese Reactors ....
1983 BOP Equipment-Related Auto Trips at U.S. REACLOrS .eveeevoes
1983 Personnel Error-Related Auto Trips at U.S. REACLOrS .evevees
1983 BOP Equipment-Related Auto Trips at Japanese Reactors ......

Breakdown of Automatic Trips at U.S. Reactors--
1981’ 1982 and 1983 .....0..........D'O...l...ll.llll....‘....l..

Breakdown of Automatic Trips at .)apanese Reactors--
1981. 1982 and 1983 ......'.....0.l...'.'l...'...lI.....DQIO.....

Activity Occurring at the Time of REACLOr Trip sevesecsoesescnnes
Comparison of MTBE as a Function of Reactor Size ...veeeeseeseses

Inspections Items Scheduled for Statutory Inspection at a
Typical Japanese BWR Facility in the Long-Range Schedule ........

List of Inspections Performed by a Japanese BWR Facility
DOPTAR AN AT IREPDEEEION cosisississrssssnrssinntssstsniosssns

Examples of Corrective Actions Taken During the First Annual
Inspection of One Japanese BWR Facility in Response to
Industry Events ....l....‘....00..........0..'0!lll.l'l....l.l...

Examples of the Modification of Maintenance Tooling and Systems
Designed for Decreasing Outage Duration ..veeeeeecesesssccssscsss

Xv

3-2

3-15
3-15
3-16
3-16
3-17
3-18
3-18
3-19
3-19
3-20

3-21

3-22
3-23
3-25

4-12

4-13

4-17

4-18



4.5 List of Systems Tested Functionally and Observed by MITI During
the First Annual Inspection of a Japanese BWR FIRIIALY sonasanons

4.6a Radiation Exposure During the First Annual Inspection at
Fukushim Daini. unit l ...l'......'..I..O.......O..O..Q.O..O..O.

4.6b Distribution of Exposure During the First Annual Inspection
at Fukushim D‘in’. Unitl ..l...-..‘l.....'l...l..l........!...‘

4.7 Exposure for Selected Annual INSPECLIONS wevveenensenoencenennsns
4.8 Radiation Exposure in the Japanese Nuclear INGOBELY sossecssssane
4.9 Routine Inspections at Japanese Power Plants T LT L O rnaa——
4.10 Summary of Selected Maintenance Items T P S
5.1 Commercial Nuclear Power Plants - PAPEN sanscasssssansssorarnirne

5.2 Generating Capacity by Plant Type for Japanese Utilities

in 1983 ................‘..'..........'....l....'..I............O

5.3 Main Nuclear-Related Comrponér.f.c ‘n the Ministry of
Internatioﬂa] Trade and Industry ..'I..‘Ol......l...l‘.l..!......

5.4 Major Steps in Japanese Regulatory Process for Commercial
Nuc]ear Reactors .Q...Cl.....'...l..l.0.0..O...'...O..0.0.00.....

A.1 Japanese and U.S. BWR/PWR Nuclear Pl.nt Event Data:
1981’ 1982' 1983 O.......O..'C..l.'....'l...l'............ll.ll..

xvi

4-19

4-20

4-20
4-21
4-22
4-23
4-27

5-3

5-4

5-9

5-12

A-4



1.0 INTRODUCTION

1.1 PURPOSE

The purpose of this report is to present the results of a study to assess
the degree to which differing Japanese and U.S. approaches to the regulation
and practice of nuclear power plant maintenance may explain the difference in
reactor trips and safety equipment availability between U.S. and Japanese
plants.

1.2 BACKGROUND

In July 1983, the U.S. Nuclear Regulators Commission (NRC) requested the
NRC staff to provide information on why Japanese nuclear power plants have
fewer automatic scrams than American plants. The staff provided preliminary
data that showed that the frequency of reactor trips in Japan in 1982 was about
18 times less than in the U.S. The staff further indicated that the reported
differences in scram frequency between Japan and the U.S. plants appeared to be
real, and not due to differences in nomenclature, definitions, or reporting
requirements (NRC 1983).

The staff continued to explore the issue, and later that year, the Deputy
Director, Division of Human Factors Safety, Office of Nuclear Reactor Regu-
lation (DHFS/NRR), accompanied by representatives from the Pacific Northwest
Laboratory (PNL), and the Human Affairs Research Centers (HARC), visited Japan
(between November 28 and December 11, 1983) to examine Japanese maintenance
practices. Preventive maintenance was a particular focus during this trip.
The trip resulted in the acquisition cf numerous documents on preventive main-
tenance and other aspects of Japanese maintenance practices, including the
'0-year work plans for annual inspections at the Genkai (Kyushu Electric Power
Company) and Fukushima Daini (No. 2) (Tokyo Electric Power Company) Nuclear
Power Plants, as well as the results of previous inspections at these plants.
As a result of the visit to Japan, contacts were established with government
agencies and industry organizations. A delegation of government and industry
representatives from Japan visited the U.S. in February 1984 and met with the
NRC staff and representatives of utilities, an NSSS vendor, Sandia National
Laboratory and PNL.

In November 1984 the Deputy Director, Division of Human Factors Safety,
again visited Japan to participate in the Bilateral Information Exchange
meetings. A member of the PNL project team also participated in two of the
meetings. In preparation for the meetings, a number of guestions were for-
mulated to fill in some of the information gaps about the Japanese maintenance
system, These questions were submitted to MITI prior to the meetings, and much
of the information incorporated in this report was received from MITI in
response to the questions posed. Included in the information from MITI was the
1983 operating experience of Japanese reactors.
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1.3 PROBLEM

A number of factors appear to be involved in the difference between U.S.
and Japanese nuclear power plant performance. The NRC determined that there
was a need to more systematically and completely describe the difference
between U.S. and Japanese plant operating experience, and then explore the
factors that may influence that difference. A number of questions were
addressed in the resultant assessment presented in this report:

® What are the differences between U.S. and Japanese plant operating
experience, and what has the recent trend been in these differences?

® Are the differences a "true" comparison of U.S.-Japanese plant per-
formance, or can they be attributed to different reporting require-
ments, set-points, nomenclature, or the like?

® Is it possible that differences in the way the Japanese regulate and
practice plant maintenance, especially preventive maintenance, may
account for the differences in operating experience?

® MWhat is the potential impact of Japanese management, organizational,
and socioeconomic factors on the difference in U.S. and Japanese
operating experience?
1.4 APPROACH
In February 1984, the NRC contracted with the Pacific Northwest Laboratory
(PNL) to assess the degree to which differing Japanese and U.S, approaches to
the regulation and practice of nuclear power plant (NPP) maintenance may
explain the difference in reactor trips and safety equipment availability
between U.S. and Japanese plants and to assist in the continuing dialogue with
the Japanese,
There were three principal tasks in the project:
l. assessing the difference in Japanese-l),S. NPP operating experience

2. comparing and contrasting Japanese preventive maintenance practices
with U.S. surveillance practices

3. assessing Japanese maintenance organizational and management
practices,

These tasks are described below.

Task 1. Assess the Difference in U.S. and Japanese NPP Operating Experience

This task involved an assessment of the U.S. and Japanese NPP operating
experience for 1981-1983 in order to draw preliminary conclusions about factors
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that may be influencing the significant differences found in such indicators as
number of automatic trips, forced outages, and capability availability factors.

Task 2. Compare and Contrast Japanese and U,S. NPP Preventive
Maintenance Requirements

This task involved a review of the Japanese documents concerning pre-
ventive maintenance (PM) regulatory requirements and a comparison of these
reondrements with U,S. PM requirements, in order to contrast the two countries'
ap; « «ches, Plant technical specifications from four U.S. plants known to be
comparable to the Japanese plants Genkai 1 and Fukushima-Daini 1 were reviewed
to determine NRC mandated PM requirements. Findings from Tasks 1 and 2 of the
project were incorporated in Task 3 in order to assess factors that may be
influencing the differences in Japanese and U.S. operating experience.

Task 3, Assess Japanese NPP Maintenance Organization and Management Practices

This task involved assessment of Japanese maintenance organizations, man-
agement personnel, and other factors within the context of Japanese cultural,
economic, and government systems., The results of this task, along with the
results of Task 1, were used in conjunction with Task 3 results to assess
factors influencing differences in Japanese and U.S. operating experience,

1.5 ORGANIZATIUN OF THIS REPORT

This report is organized into five sections. Section 1.0 is the Intro-
duction and Section 2.0 is a brief summary of major project findings. Sec-
tions 3.0, 4.0 and 5.0 correspond to the three project tasks. Section 3.0 of
the report deals with the identification of the differences in U.S., and
Japanese operating experience, Section 4.0 is a comparison of Japanese and
U.S. nuclear power plant maintenance programs. Section 5.0 is an assessment of
Japanese nuclear power plant organization and management practices.

1.6 SOURCES OF DATA

The information and data about the Japanese commercial nuclear industry
that represent the basis of this report come for the most part directly from
Japanese sources through the kind cooperation of Japanese government agencies
and industry groups involved in regulation and operation of commercial nuclear
power plants in Japan. Sources of information and data about the U.S. commer-
cial nuclear power industry come from both published reports and data sources
like the “"greybook" and as a result of the extensive work PNL has done for the
NRC in the areas of safety technology, licensing of new plants and operator
licensing examinations.
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2.0 SUMMARY OF MAJOR PROJECT FINDINGS

This report addresses three principal areas of nuclear power plant opera-
tion and maintenance. These areas are the operating experience at U.S. and
Japanese reactors, the nuclzar power plant maintenance programs in each coun-
try, and the Japanese nuclear power plant organization and management prac-
tices. The following is a summary of the major findings associated with each
of these operation and maintenance areas.

2.1 OPERATING EXPERIENCE

The examination of U.S. and Japanese reactor operating experience resulted
in the following six major findings:

® Japanese reactors experience significantly fewer trips than U.S.
plants. This i: true even when the data are normalized for number of
plants operating, total megawatts produced per year and similar fac-
tors. The differences do not appear to be due to differences in trip
set points or technical specifications since Japanese requirements
are very similar and in many cases identical to those in the U.S.

® A significant percentage of trips (Loth manual and automatic) are
caused by balance of plant (BOP) problems. This is true in both
Japan and the U.S. The absolute number of trips in Japan is far
smaller than in the U.S.

® Japanese reactors had a mean-time-between-event (MTBE) for automatic
scrams that was approximately 10 times greater than their U,S.
counterparts.

® U.S, plants had a significantly higher rate of repetitive trips than
their Japanese counterparts.

® The overall capacity factors for the U.S. for 1981, 1982, and 1983
were 57%, 60% and 58%, respectively. For Japan the overall capacity
factors for 1981, 1982 and 1983 were 58%, 66% and 69%, respectively.

® The average availability of U.S. plants decreased steadily from 1981

to 1983, while the availability of Japanese plants increased over the
same period.

2.2 MAINTENANCE PROGRAMS

The major findings concerning maintenance programs at U.S. and Japanese
nuclear power plants are:

® In the U.S. plants, almost all technical specifications mandated sur-
veillances consist of ensuring the operability of safety-related
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2.3

ment

equipment through functional, administrative or visual verifica-
tion. In Japan, on the other hand, the emphasis is on an extensive
preventive maintenance program on both safety-related and balance of
plant (BOP) equipment. To a large extent, Japanese preventive main-
tenance consists of the disassembly and inspection of individual
components,

The Japanese maintenance program is based on a legal requirement to
conduct an annual inspection of every nuclear power plant.

The Japanese have ir place a structured, industry-wide program of
preventive maintenance. Their program consists of four fundamental
elements: 1) a statutory annual inspection, 2) a voluntary internal
inspection (conducted concurrently with the statutory annual inspec-
tion), 3) special work, including back fitting and corrective mainte-
nance, and 4) routine inspection. The fi~st three elements are
conducted annually during a maintenance outage. The last element,
“routine inspection," is conducted during plant operation.

The Japanese Ministry of International Trade and Industry (MITI)
involves itself to a great extent in the preventive maintenance pro-
gram by witnessing a significant number of maintenance activities
during each plant's annual outage. Selection of maintenance activi-
ties to be witnessed is based in part on the safety significance of
the equipment but MITI also witnesses maintenance of BOP compo-
nents. MITI uses a contractor as well as its own staff to witness
maintenance activities,

In general, the numbers and types of components subject to inspection
are much greater than current technical specification requirements in
the U.S. 1In addition, the inspection frequently goes beyond visual
inspection to include disassembly and measurement for wear. The
annual inspection takes approximately three months,

ORGANIZATION AND MANAGEMENT PRACTICES

An assessment of the Japanese nuclear power plant organization and manage-

practices indicated that:

The central role of nuclear power in the Japanese plan of energy
self-sufficiency greatly influences its regulatory structure,

The group orientation of the Japanese society to an important extent
determines the form and practice of management and its organizational
structure within the nuclear industry.

Maintenance in Japanese plants is often done by teams of cross-

trained workers so that jobs are rotated. Teams are responsible for
the quality of the workers' performance.
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e The group orientation of the Japanese society in combination with the
Japanese system of labor relations impacts the way maintenance activ-
ities are structured and carried out.

® The use of subcontract organizations to perform maintenance is a very
common practice in the nuclear industry in Japan., During the sched-
uled maintenance outages, most of the work is conducted either by
personnel supplied by the vendors or by subcontractor organizations.

® The Japanese nuclear industry is characterized by close, stable rela-
tionships between the utilities, vendors and subcontractors. The
implications for plant maintenance are significant, with vendors pro-
viding continuing maintenance and maintenance training for the utili-
ties. Maintenance subcontractors provide a stable maintenance work
force for scheduled maintenance activities. These patterns appear to
allow the utilities to have a highly reliable maintenance program and
work force,
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3.0 COMPARISON OF JAPANESE-U.S. NUCLEAR POWER PLANT OPERATING EXPERIENCE

Tre comparative assessment of U.S. and Japanese nuclear power plant opera-
tional event data is based on the information supplied by the plant operators/
owners to the NRC and MITI. The principal sources used in this effort were the

NRC Report entitled, Licensed Operating Reactors - Status Summary Report

(NUREG-0020) (NRC 198I 1987, 18335 g the Japanese Ministry of International

Trade and Industry (MITI) Plant Operation Yearbook (MITI 1981, 1982, 1983).

Also, the International Atomic Energy Agency's (IAEA 1981, 1982 1983)

0 eratin Experience with Nuclear Power Stations in Member States and the jour-
I Atoms in Japan were used to obtain additional Japanese event and availa-

bility data.

This assessment focuses on the years 1981, 1982 and 1983, Babcock and
Wilcox and Combustion Engineering plants were not included because they have no
direct counterpart among Japanese plants. Therefore, the assessment examines
.S. General Electric BWR and Westinghouse PWR plants and all Japanese BWR and
PWR plants. Only full-year operational units are included in the analysis of
event data (Sections 3.3 through 3.6), Plants that commenced operation after
the first of the year were not included in that year's count,

Section 3.2 discusses the differences between the reactor trip set points
used for U.S. and Japanese power plants. Section 3.3 analyzes reactor event
data by the type of reactor trip. The event data in this and in following
sections is generally presented on a per-plant, per-year basis, Section 3.4
summarizes power plant availabilities in the two nations, while Section 3.5
incorporates the event and availability data to provide event rates and mean
times between events. Using a subset of the overall data, Section 3.6 compares
four groups of U.S.-Japanese "sister" plants divided by reactor type., The
purpose of the sister plant comparison was to determine if there were event-
related differences in the operational performance of the four types of
reactors. The final discussion, Section 3.7, analyzes automatic reactor trips
for 1981-1983,

The following section summarizes the findings of Sections 3.2 through 3.7.

3.1 SUMMARY OF FINDINGS

The first part of this analysis compared generic Westinghouse and General
Electric reactor tr.p set points. Only four of the set points differed sig-
nificantly between the two countries. The United States was more conservative
than Japan with respect to the steam generator level--low low set point for
PWRs, and more conservative with respect to BWR main steam isolation valve
(MSIV) closure, main steam line radiation high, and turbine stop valve closure
limits. However, these set point differences did not seem to be a significant
factor in the large difference in the number of reactor trips between the two
countries,
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The availability factors compared favorably between the two countries
although U,S. plant availability is trending down, while Japanese plant
availability is trending up. For 1981, 1982 and 1983, the U.S. had 69%, 68%
and 65% respectively, and Japan had 58%, 68% and 72% respectively,

The overall capacity factors for the U.S. for 1981, 1982, and 1983 were
57% and 60% and 58% respectively. For Japan the overall capacity factors for
the same years were 58%, 66% and 69%.

Table 3.1 shows the high and low individual plant availability/capacity/
mean time between auto scram events (MTBE).

TABLE 3.1. High and Low Individual Plant Availability/Capacity/MTBE Factors

1981 1982 1983
U.S. Japan U.S. Japan U.S. Japan

Availability High 98.5% 85.0% 97.3% 92.2% 96.3% 99.9%
Low 15.8% 22.6% 15.7% 5.2% 12.0% 37.2%

Capacity High 84,92 84,9% 92.8% 87.9% 92.8% 99.3%
Low 3.9% 22.4% 13.5% 3.4% 4.4% 34,7%
MTBE (days) High 325 . 349 . 352 .
Low 20 80 18 121 5 152

*No events reported,

[n comparing availability factors, it should be noted that there is a
possible difference in the way availability factors are calculated. The United
States calculation considers the sum of unit reserve shutdown ho<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>