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Abstract

It was early in 1980's that the digital controllers were first applied to nuclear power plant in Japan. After that,
their application area had been expanding gradually, reaching to the overall integrated digital system including
the safety system in Kashiwazaki-Kariwa units 6 and 7.

The software for computer-based systems has been produced using the graphical language "POL" in Japanese
nuclear power plants. It is the fundamental principle that the reliability of the software should be assured through
the properly managed quality assurance. The POL-based system is fitted to this principle. In applying POL-
based systems to safety system, the MITI, Ministry of International Trade and Industry, identified the licensing
issues as the regulatory body, while the utilities had developed the digital technology feasible to the safety
application. Through the activities, a specific industrial design guide for the software important to safety was
established and the adequacy of the technology was certified through the demonstration tests of the integrated
system. In the safety examination of the digital reactor protection system of K-6/7, the application of POL were
approved. The POL-based systems in nuclear power plants were successfully operated with very few incidents.
Non failures were reported in safety system. This means the excellence of utility's maintenance activities as well
as the successful design and production process of the POL-based systems.

This paper describes the activities in licensing and maintaining the computer-based systems by the utilities
and manufacturers as well as the MITI.

1. History of Introduction of Digital Technology

1) Main feature of the POL, Graphical Computer Language
The computer-based systems for nuclear power plants were developed based on the graphical

language "POL (Problem Oriented Language)" in Japan. When the software of computer-based
systems would be produced with the conventional computer language such as C-language or Pascal,
the interpretation of system design description to software specification and the programming from
software specification are needed. These tasks were usually performed by software engineer, but this
involvement of software engineers is thought to be a source of design error owing to the difference of
terminology and definitions among the nuclear engineers and the software engineers.

In the graphical method, the various kinds of sub-programmed basic execution elements, such as
"AND,"' "OR" or "ADD", and interface program were prepared, and the target software would be
constructed automatically by combining these elements on the CAD machine. When a system
software is produced with POL, CAD operator refers software diagram described in the similar
expression with Interlock Block Diagram (IBD), which was drawn by the nuclear instrumentation and
control (I&C) engineer from the system design description through the same design process as the
conventional process for analog system design. As the software engineer is not involved in this
approach, the errors caused by misunderstanding of the specification are hardly introduced.

As the subprogrammed elements of POL are simplified and the number of the required elements
are limited, these are easily verified. Further, the verification of the produced software by the third
person can be easily performed because of the similar expression of POL program with software
diagram.

2) History of POL-based system application to nuclear I&C systems
This POL method was widely used for the I&C systems in fossil power plants. Based on this
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experiences, the first application of POL system to the nuclear facility was the turbine auxiliary
control system at the beginning of 1980's. After that, the application area was expanded steadily to
the principal control systems including the turbine speed control system (EHC), feedwater and re-
circulation flow control systems (FDWC/RFC). The overall integrated digital system except the
reactor protection system (RPS) were adopted in nuclear plants commenced commercial operation
after 1943. Meanwhile the digital replacement of the conventional analog system such as EHC and
FDWC/RFC of operating plants was in progress. All of these replaced systems were POL-based ones.

Based on these successful results, the overall integrated digital system including RPS are adopted
at Kashiwazaki-Kariwa units 6 and 7 (K-6/7), commenced commercial operation at 1997 and 1998,
respectively. The integrated digital system was developed with POL, keeping the system separation
between safety system and non-safety system.

At present, about 1000 central processing units (CPU's) worked in 17 nuclear power plants of
Tokyo Electric company (TEPCO). As for the operating data, digital EHC, digital FDWC/RFC and
digital neutron measurement system operate without any failures reported during the power operation
for 93 rector-years, 97 reactor-years and 66 reactor-years, respectively.

2. Introduction of Digital Reactor Protection System

2.1 Preparation Phase

1) Regulatory concern
The main issue in adopting a computer-based safety system is the potential common cause failures

owing to the common usage of the identical software to redundant channels. As the software errors
are prone to be introduced in the design and production process, the utilities recognized the
importance of establishing the reliable process and tried to develop both design and confirmation
method to enhance the reliability of digital technology as applicable to the safety systems.

Meanwhile, the regulatory body also recognized it and participated the activities such as the
establishment of appropriate industrial design guide and the demonstration tests to confirm the system
integrity and reliability.
2) Establishment of design criteria

The new industrial design guide "Application Criteria for Programmable Digital Computer System
in Safety-Related Systems for Nuclear Power Plants"(JEAG-4609) was established by incorporating
the requirements to ensure the reliability of software being installed in computer-based safety
systems, as the design guide for RPS at that time did not cover computer-based systems. The new
guide describes "Verification and Validation (V&V)" requirement for designing and producing the
software important to safety and "Configuration Management and Maintenance" requirement for
modifying and maintaining it. The former requires to perform 5 steps of verifications and the
validation, and that these activities shall be done by a person who was not involved the design and the
results shall be recorded in documents. The latter requires to document the configuration
management, to keep the source code and to check the system for maintaining the functionality during
the operation.

3) Demonstration test

The demonstration test was performed to assure the effectiveness of the V&V defined in the new
guide and to certify' that the functionality and performance of the computer-based safety system are
accomplished under the postulated circumstance. One of the four independent channels was simulated
with computer-based devices to be used in the actual plant, while the others were simulated by a
simulator arranged for the test purpose. It was assured through the V&V record that the software
installed was checked and reviewed according to the defined V&V procedure.

The test items consist of characteristics test, thermal aging test, noise test, vibration test and
accident simulation test. The test conditions were determined based on the design requirements for
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the RPS and environmental conditions expected to be encountered during normal and abnormal plant
operation. The system worked well without any troubles or failures. This result proved the
effectiveness of the V&V, and provided the significant design data for the environmental factors.

2.2 Application of safety protection system at K-6/7

The first nuclear power plants that adopted the digital RPS in Japan were K-6/7 of TEPCO. The
safety review by the MITI for the proposed conceptual design of the digital RPS was focused on the
reliability of the software written in POL. The characteristics of the POL-based software are as
follows;
- program is simply constructed using comparatively less kinds of logic elements.
- the program is easily readable and clear when being reviewed by a third person.

Owing to these characteristics, it was judged that the elimination of errors in designing and
producing the software was surely achieved. Besides these, program is executed toward one-way
direction with cyclic execution, but without interruptive execution, thus minimizing the invasion of
execution errors. The MITI approved the proposed design based on these characteristics, considering
the fact that the manufacturer had established the quality assurance system in designing and
producing POL-based software.

The quality assurance system and quality assurance plan, as well as the design details of the
digital RPS, was subjected to the review item in MITI's review process of the Construction Plan.

MITI performed pre-use inspections for the systems and components to confirm the necessary
function and capability, based on the utility's self-imposed tests. The same practice was applied for
the inspection of the digital RPS. The MITI planned to audit the results of V&V performed by the
utility in the case that produced system would fall into failure resulting from software error , but there
had been no system faults and the associated audits were not performed.

Through licensing activities for K-6/7, the MITI acknowledged the importance of establishing the
quality assurance program and doing V&V of the software under the well managed manner in order
to gain the reliable software. It should be stressed that the software important to safety should be
constructed so that it can be easily readable by a third person.

3. Quality Assurance (QA) of digital system

1) QA activities during design, production and pre-operational testing stage
The manufacturers of computer-based systems applied basically same QA process in designing,

producing and testing the computer-based system being used for both safety systems and non-safety
systems, except the defined V&V for the safety systems. As for the V&V for the RPS of K-6/7, only
one corrective action was carried out, that was, to redefine a few ambiguous Japanese terms. This was
thought to be the effective aspect owing to the POL method that enables to apply basically identical
QA process.

POL is software that can easily conduct V&V, but several ten thousands of man-hours at the
manufacturers and about a thousand of man-hours at utility were required for the V&V activities. The
dynamic tests using the automatic tools were also carried out at the factory and 7 postulated cases
were tested about ten thousand times and the results of the behavior were all normal.

During the pre-operational tests, the functionality of the digital RPS were assured without any
failures, while the recirculation pump speed control system experienced a bit error, which was
thought not always to be a software error as the system was revived by the replacement of the
substrate.

3.2 QA activities during the operation and maintenance

Here, the QA activities during the operation and maintenance were described referring to the
experience of TEPCO who utilized about 1000 POL-based cpu's in their stations, mentioned above.
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All of these systems worked well without any failures during the plant normal operation except few
failures in pre-operational testing. No incidents caused by the failures in computer-based systems
were reported from other utilities in their nuclear facilities.

As TEPCO makes long-term maintenance contract with the system suppliers to maintain the
functionality and performance of computer-based systems, the maintenance personnel at stations were
required to identify the failed part in the case of system failures. For this purpose the maintenance
training center was established in each site to make the maintenance personnel learn the necessary
knowledge.

The periodical maintenance for computer-based systems, consists of annual basic check and
biannual detailed check, is performed by the suppliers according to the defined manuals. When the
modification for the software or the setpoints are needed, the work would be carried out by the
technicians of the system suppliers with witness of the maintenance personnel of the utility,
preventing the careless mistake and keeping the constancy between the documents and revised
devices. Thus the configuration management of the computer-based systems is assured.

The replacement of the I&C components or devices were carried out at every 15 years by the
suppliers recommendation. Up to now, the digital/digital replacements as well as the analog /digital
replacements were performed. Most of these replacements were conducted by the suppliers of the
replaced system who were the I&C division of main contractor of the nuclear station and possessed
the necessary design and operational data for the replaced systems, thus assuring the correct and
complete transfer of the replaced performance. This approach has also advantage in keeping the
interface between replaced system and the remained system. When the digital replacement would be
planned, the replacement is recommended in a manner as panel-by-panel base or system-by-system
base in order to keep the interface correctly.

4. Future Issues

The following items should be considered to be resolved for farther increasing the safety.

a) Quantitative evaluation for the software reliability should be considered to meet the
probabilistic safety assessment and improve the public accountability of the digital safety
system, although our approach based on the appropriate quality assurance was proven to be
effective and trustworthy.

b) Standardization and Product Certification of computer-based safety system should be
encouraged for improving the reliability of the system. Especially Product certification
through software fixed would be the effective in assuring the reliability as well as saving the
cost and time.

c) The digital upgrading of the safety system is not our concern at present, as the utilities
intend that the aged safety system should be replaced with the conventional analog equipment.
But the interface between the replaced digital system and the remained system will be the
issue when the digital replacement would be considered. Meanwhile, the digital replacement
of the analog non-safety system should be recommended to be carried out in such a manner as
system-by-system or panel-by-panel, based on the experience in our country.
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