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Abstract

The responsibility in the nuclear field of the Government, utilities and manufactures has increased in the
past years due to the need of stable operation and great reliability of nuclear power plants. The need to improve the
reliability is not only for the new plants but also for those now running. So, several measures have been taken to
improve reliability. In particular, the plant manufactures have developed a reliability management system for each
phase (planning, construction, maintenance and operation) and these have been integrated as a unified system. This
integrated reliability management system for nuclear power plants contains information about plant performance,
failures and incidents which have occurred in the plants.

1. Introduction

The first light-water nuclear power plant in Japan began commercial operation in
1970. Thereafter, the number of units has increased gradually and, as of Aug. 1997,
51 units were in operation with a power generating capacity of 45 million kW,
representing approximately 20% of the total generating capacity in Japan. Their
average capacity factor has stabilized above 70%, and it was above 80% in fiscal 1995
and 1996 , representing approximately 33% of the total Japanese electric power supply.
Electric power supply from nuclear power will continue to increase in the future.

Against this background and with a move toward more stable operation and greater
reliability of nuclear power plants, the responsibility of plant manufacturers has
increased. As a nuclear power plant manufacturer, Hitachi has continually broadened
its development of plant rel iabi 1 ity through the entire 1 ifetime of a plant, including
the planning, design, fabrication, operation and maintenance stages. We strive to
improve the reliability not only of new plants but also of those now running. This
is done by performing analysis and design review (DR) in the planning and design stages
on the one hand, and trouble recurrence prevention and reflection of actual trouble
in the operating plants (called horizontal application) on the other.

This paper outlines our integrated reliability system and its associated
applications for nuclear power plants developed by Hitachi.

2. Flow of ensuring the reliability of a nuclear power plant

2.1 Outline of quality assurance activities in Japan

As the number of nuclear power plants increases, both the importance of the role
of nuclear power in the total power generation and the national demand for safety
are rising. To satisfy these needs, the government, utilities and manufacturers are
working on enhancing reliability. As a result, in Japan, the plant capacity factor
has risen as shown in Figure 1 and unscheduled forced outages has decreased. Since
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FIG. 1. Capacity factor ofLWRs in Japan (Ref. Annual Report ofNPP Operating Management).
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FIG. 2. Plant reliability improvement activities in Japan.

introduction, the operational experiences of plants have been analyzed and assessed
to obtain an accurate understanding, and measures against anticipated underlying
causes have been taken. Quality assurance criteria have been established, and
national standardization and development programs by related organizations have been
carried out. Figure 2 shows flow of the activity for reliability assurance. At
present, such quality assurance activities are again being extended byway of Japanese
QA techniques.
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2.2 Necessity of reliability management support tools

As stated above, we have taken several measures to improve reliability. When
promoting such integrated activities throughout the life of a plant, it is important
to create a mechanism capable of dependably following up such jobs in addition to
information management. The reasons why various reliability information must be
controlled as a data base and how the system must be organized are as follows.

(1) There are many re 1 iabi 1 ity management items, with abroad content and a wide scope.
(2) The quantity of data is huge and many sections in charge of products are involved.
(3) Managing jobs must be rationalized in size and made efficient.

3. Outline of an integrated reliability management system for nuclear power plants

To make reliability management efficient throughout the life of nuclear power
plants, we have developed a re 1 iabi 1 ity management system to suit the purpose of each
phase and have integrated them as a unified system.

Figure 3 outlines the integrated reliability management system for nuclear power
plants. The system manages past trouble information, prevents trouble recurrence
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FIG. 3. Configuration of an integrated reliability management system for nuclear power plants.

41



on all issues that have been or may be affected, analyzes new designs in the design
stage and executes the design review (DR), manages plant operation result information,
manages plant facilities information and analyzes reliability in the design stage.
We try to actively uti 1 ize the system as an effective means for rel i ability management.
The following management items are introduced below.
(1) Nuclear power plant reliability information retrieval system
(2) New and modified design management and review management system
(3) Plant operation information management system
(4) Reliability analysis and assessment system

3.1 Nuclear power plant reliability information retrieval system
(HINIRS/HITREND)

(1) Purpose
The nuclear power plant reliability information retrieval system creates a data

base by acquiring a wide range of intracompany, domestic and overseas information
on incidents, failures and relatively minor troubles of plant power generation. The
system also outputs the results of analyses on causes and phenomena, etc. based on
data for study when the design is reviewed.

HINURS
(a) Acquire information and prepare a data base
(b) Provide information for design review
(c) Contribute to information retrieval

HITREND
(a) Probabilistic or correlation analysis with HINURS data

(2) System configuration
This system is configured as an interactive system in order to allow distributed

processing and the data base is created on a work station. The system features:
(a) The data base includes key data down to information on relatively minor

incidents and failures. There are approximately 3000 registered instances of
intracompany troubles, incidents and failures notified to the Ministry of
International Trade and Industry (MITI).

(b) Provides information to relevant sections on existing conditions for taking
countermeasures to prevent troubles from recurring and horizontal
applications.

(c) Retrieval of keywords for systems, equipment, causes, etc. to facilitate the
analysis of failure trends.

(d) Offers timely information on trouble instances for design review, periodical
inspection of no-trouble tasks, overall design checks and review and various
other reliability activities.

(e) Builds an information network encompassing related works to utilize the data
base and keep the information consistent.
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(3) System operation
We use this system to provide trouble information and the results of analysis on

the cause of previous troubles at design review meetings. We also obtain information
on the status of trouble recurrence activities and their reflection to other plants.
The status of counter measures taken in plants is reported in the trouble recurrence
prevention meetings every month.

Recently, the data base is being expanded through data acquisition by on-line
information retrieval from the U.S. Institute of Nuclear Power Operation (INPO). We
have created an entire corporate network and control the reliability information in
those sections involved.

3.2 New and modified design management and design review management system (HIDREAM)

(1) Purpose
Newly designed equipment and modified points are important items to review. The

choice of which new or modified design to focus on affects the reliability.
The new and modified design review and management system controls the following

items to locate and correct the weak points of design.
(a) Selecting newly designed and modified points and managing their information.
(b) Strictly pursuing design reviews
(c) Strictly enforcing items determined by DR
(d) Promoting the settlement of pending or selected DR items
(e) Consistently managing DR information

(2) System configuration
The system is constructed on work stations and personal computers to store the data

base and transmit information. Data is registered and updated for new or modified
designs, objects to be reviewed, distinctions between system-based DR and
device-based DR, schedules, basic information on responsibilities, coordinators,
etc., how far execution has advanced, results, etc. The design section in charge
of entering the basic information and the QA section that manages the received
information are interconnected by a communication line, creating a network which
maintains data integrity.

(3) System operation
The design section in charge of products specifies newly designed and modified

points and registers them in the date base. The date base contains 19 items of
information, such as management number, item name, reasons for design change, and
verification methods. When a verifying method requires a DR, the relevant design
section prepares a DR execution schedule, and registers the basic information of the
design review in the system at the beginning of the fiscal term. Based on the DR
information planned and entered by the design section, the QA section participates
in DR, provides information on troubles, etc., issues monthly DR reports and ensures
that sections that fol low DR apply decided matters to actual plants and settle pending
matters.
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3.3 Plant operation information management system (HIPLANT)

(1) Purpose
This system is used to analyze the operating performance indices of domestic

commercial nuclear power plants according to the data base of plant operating
information such as the capacity factor, length of annual planned outage and volume
of radioactive waste, etc.

(2) System configuration
This system and the data base reside on personal computers. The system can evaluate

the cumulative operating performance and probabilistic analyses and can draw curves
of analytical results. The following data are prepared;

Basic Plant Information
Name of plant, Utilities, Reactor type, Plant capacity, Main contractor and
Maintenance responsibility

Plant Performance Information
Generated electrical power, Operating and outage time, Amount of radioactive waste,
Rate of exposure and trouble information

(3) System operation
Currently, information from 51 domestic plants is gathered on a network of personal

computers. By analyzing this system, plant performance characteristics and trends
can be evaluated. Especially by assessing the plant capability factor and load factor
we may obtain the strategy of the re l iab i l i ty program of the next stage and fac i l i ty
improvement proposal.

3.4 Reliability analysis and assessment system (HIFAST)

(1) Purpose
In system reliability analyses and assessments, fault tree analysis (FTA), and

failure mode effect analysis (FMEA), are of ten used. Through fault tree analysis among
other methods, a system failure or other specific event (top event) is selected, and
equipment failures, human errors or other basic events that are the direct cause are
obtained. The results are then expressed as a logical graph (FT diagram), the system
failure causes are qualitatively estimated and, simultaneously, the system failure
occurrence probability and basic event importance are quantitatively estimated from
the failure rate, recovery time, etc. of the basic event. This is effective for
analyzing the safety and reliability of nuclear power plants or other huge systems.
The Hitachi fault tree analysis tool (HIFAST), which supports the rel iabi 1 ity analysis
at the personal computer level, is designed to support the following reliability
management jobs in a series of such analyses.

(a) Control the target system reliability value
(b) Support reliability analysis and assessment jobs
(c) Acquire equipment failure rate data and prepare a data base
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(2) System configuration
This system and data base are run on a personal computer, and the major features

are as follows:
(a) Operation under MS-Windows V3.0 or V3.1, for general-purpose use.
(b) Editing of FT diagrams in Japanese on screen.
(c) Estimating functions by FTA:

• Calculating of minimal cut set
•Calculation of system unreliability (point estimation)
•Analysis of uncertainty of system unreliability
• Estimation of importance of basic event

(d) Indicates graph of probability density function and cumulative probability
distribution function resulting from uncertainty analysis.

(3) System operation
The system functions such as the fault tree drafting function, minimal cut set

calculation, unreliability calculation and uncertainty analysis functions are run
on a personal computer. The reliability of the system is then analyzed and assessed
for the design review, etc. Data bases of the fault trees of all operating systems
prepared for each plant facilitate estimation of system unreliability, and in case
a decision on the system configuration or system modification is made, whether plant
standby facilities or duplicated instruments should be provided or not.

4. Conclusion

The authors collected information related to the rel iabi 1 ity of nuclear power plants
and refined tools for the reliability assessment. A network was established for an
overall reliability management system for nuclear power plants. The system enables
centralized management of communication and instructions between departments, such
as the design and QA, thus rationalizing the reliability management.

Efforts were focused on enhancing the use of QA systems. Efforts by users to improve
the reliability of nuclear power plants have raised the reliability of plants by
reducing unscheduled outages of the plant and preventing faults and accidents, thus
improving the availability of the plant.
The availability of plants must be increased by reducing the duration of regular

inspections and by rational izing inspections and maintenance work as plants grow older.
Reliability management will therefore need to enhance the use of QA systems.
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