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Abstract

In line with our policy of positioning the Year 2000 (Y2K) problem as a major management
task, we have performed Y2K readiness. We started to survey the influence of Y2K problem at
Nuclear Power Plants (NPP) on February, 1996, and completed Y2K ready of NPP on October, 1999.
This paper presents Y2K readiness of our NPP. Our NPP instrumentation and control can be roughly
divided into two types (Monitoring System showing NPP's status, Control System to control
equipment of NPP). We surveyed hardware and software of these systems to assess the influence of
these systems by Y2K problem. For survey of hardware, we picked up all chips of Real Time Clock
(RTC) with check of the lists of all parts on board. And we surveyed integrity to Y2K problem of
picked up RTCs with their specification, instruction manual and so on. For survey of software, we
picked up the system using a time parameter in software with check of system's source program. And
we surveyed whether the system using a time parameter had functions that were influenced by Y2K
problem. As the result of the survey, for both monitoring systems and control systems, there was no
RTC chip having Y2K problem. And there was no control system with software modification
required. It was confirmed that some of Monitoring Systems were required software modification.
The modification of these systems was completed by October, 1999. We performed Simulated Test of
Y2K to validate the result of survey and software modification. Simulated Test was performed for the
confirmation of the system integrity when the system was input critical dates of Y2K problem. As the
result of Simulated Test, there was no system that was confirmed the failure of survey and software
modification. In addition to these Y2K readiness, referring to the existing contingency plan for
emergency situations such as a system failure and a natural disaster like earthquakes and typhoons, we
have completed contingency planning for Y2K. It is decided in consideration of internal risks
(Trouble of Monitoring system for Y2K problem) and external risks(A sudden drop on electricity
demand). We are going to perform the following items that based the contingency plan from
December 31,1999 to January 1, 2000.

Confirmation of system integrity by check of plant parameters;
i Additional operator support staff and maintenance staff will be posted to confirm system

integrity;
Make system of communication between our and manufacturers engineers for emergency of
Y2K problem.

* Present address: 1-3 Uchisaiwai-cho 1-Chome Chiyoda-ku, Tokyo 100-0011, Japan.
** Present address: 16-46 Aoyama-cho, Kashiwazaki-shi, Niigata 945-0393, Japan.
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1. INTRODUCTION

In view of the social responsibility for providing a steady supply of electric power, an essential
item of infrastructure, we consider the Year 2000 (Y2K) problem to be a major management task and
are systematically making the following systems ready for the Y2K problem:

Systems for monitoring and control of the process from power generation to power supply
and distribution (FIG. I)

Monitoring System
At Instrumentation & Control (I&C) system of Nuclear Power Plant (NPP), the system is
a system to monitor parameters showing NPP status. It has no influence in operating
NPP even if the monitoring system shuts down.

Control System
At NPP, the system is a system to control equipment of NPP. It has influence in operating
NPP if the control system shuts down.

Business Data Processing System for rate calculation, procurement of materials, and
accounting, etc.
Since February 1996, we have taken steps to systematically make systems ready of NPP for the

Y2K problem. We reported the following items to the Agency of Natural Resources and Energy, the
Ministry of International Trade and Industry. After the reports, the agency evaluated that our measures
for Y2K readiness were proper and reasonable.

Status of Readiness
Report on the method of the survey for Y2K problem, the methods of modification for
Y2K problem and validation, the time of modifications, etc. (submitted on June 21,
1999)

Contingency Plan
Report on measures against assumed influences of the Y2K problem (submitted on
November 1, 1999)

Monitoring
system

Monitoring board

Water supply control unit
(main body of the control
unit, digital control unit)

Control
svstem

Water

Water supply pump

FIG. 1 Outline of Instrumentation & Control at Nuclear Power Plant

48



2. Y2K READINESS HISTORY

We began taking measures for Y2K readiness at NPP in February 1998 when we started to
survey the influence of Y2K problem at NPP. And, these measures were shown as follows:

February 1998: Selected Systems that need Corrective Actions of Y2K problem.
April 1998: Software Modification for Y2K problem

(during an annual outage at Fukushima-Daiichi NPP No. 1 ).
October 1998: Conformed the integrity of our systems with investigation of all chips.
April 1999: Starting a simulated test in public

(during an annual outage at Kashiwazaki-Kariwa NPP No.6 Unit).
October 1999: Software Modification for Y2K completed

(at Fukushima-Daiichi NPP No.3 Unit).
October 1999: Conducting a public simulated test with a process computer during

plant operation
(the first of such test in Japan).

November 1999: Drill in properly responding to contingencies on the critical date
(planned).

3. Y2K PROJECT

3.1. Project Organization

We consider Y2K readiness to be a priority task, and it should carry out to fulfill our
responsibility and maintain public trust as a public utilities company. For this purpose, we set up the
following company-wide and nuclear power division-wide organizations to share information on the
Y2K problem and take interdivisional action for Y2K readiness:

Year 2000 Project Committee (Company-Wide)
Chaired by vice president, with managing directors and directors of departments acting
as members

- Established in October 1998
Nuclear Power Plant Y2K Meeting (Nuclear Power Division-Wide)

Chaired by the group manager of the Nuclear Power Plant Management Dept.
Established in January 1999

3.2. Feature of Instrument & Control System against Y2K Problem
The following are the features of NPP I&C system against the Y2K problem:

(1) I&C of NPP does not perform control using date information.
In principle, NPP is designed to operate at constant output and, therefore, does not have to

change their output according to days and hours.
NPP control does not require information on hours because all component equipments are

designed to be controlled according to the values of plant parameters (e.g., temperatures,
pressure, water level and flow rate, etc.) which are always measured.

(2) I&C system of NPP is provided with exhaustive quality control that can trace events down to
the level of chips on the IC substrates.

Especially strict quality control is implemented for the system to improve the reliability of
plant components.

(Purposes)
Improving the quality of individual components to secure the reliability of the plant as
a whole.
Ensuring that in the trouble of NPP I&C system, its causes could be investigated easily
and that corrective action could be taken to prevent its recurrence.

To secure high quality, the system uses chips supplied from only the qualified vendors
who have been found acceptable by a strict test and who can provide all necessary
information on the chips they produce.

Concerning I&C delivered to NPP, all data from design descriptions to manufacturers'
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data reports are filed and maintained until replacement.
(3) Digital I&C system are replaced at relatively short intervals (10-15 years) because their
existing technologies rapidly become obsolete.

In the digital system field, rapid progress of technologies makes it more difficult for us,
year by year, to secure spare parts for repair and engineer for the system. Accordingly we
have decided to replace existing I&C system with the latest ones at an interval of around 15
years.

(Example)
- Startup of 1F1 (Fukushima-DaiichiNPPNo.l Unit) 1971

First replacement of process computer 1985 (14th year of using )
Second replacement of the computers (planned) 2004

These arrangements enable us to obtain necessary information on the system hardware,
including the types, vendors' names and specifications of chips used for the I&C substrates and on its
software, including the program list.

3.3. Survey

FIG. 2 shows a conceptual diagram of surveys on the influence of the Y2K problem on I&C
systems of NPP.

3.3.1. Hardware Survey

With cooperation from the manufacturers of systems, we conducted the following survey:
Step 1
We picked up all systems in service by using design descriptions that cover the whole
system. And we confirmed whether these systems are digital systems or not.

Step 2
Based on the manufactures' design descriptions and parts lists', we picked up all chips of
Real Time Clock 2(RTC) on all boards.

Step 3
Based on specifications, technical information (i.e., instruction manuals), questions to
the manufacturers, etc., we confirmed integrity to Y2K problem for picked up RTCs:
Whether these RTCs are able to continue accurately dating beyond Y2K;
Whether these RTCs cover leap years, etc.

3.3.2. Software Survey

As in the case of hardware, the following survey was performed on software with cooperation
from the system manufacturers:

Step 1
All program lists were checked to survey those parts of Operating Systems and
Application Software which use date information.
With software' for detecting those commands which use dates. Program Listing was
surveyed the parts that use date information.

Step 2
Concerning the parts found to use date information, their date information processing
methods were surveyed on the basis of such data as the program list and design
descriptions to find whether they would be influenced by the Y2K problem.

1 A parts list shows all components of an IC and has some other entries, including the type ofIC used.
2 Real Time Clock is a chip having the function to count the time.
"' The software to detect commands that use dates means a software package for retrieving character strings by
Grep, etc.
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3.3.3. Survey Result

FIG.2 Conceptual Diagram of Y2K Survey

(1) Control Systems
None of the control systems was found subject to the influence of the Y2K problem as they do

not use date information directly for control purposes.
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(2) Monitoring Systems
Monitoring systems showing NPPs status use date information, and some of these systems were

required software modifications for Y2K readiness.
Of important systems4 installed at NPP, those which require software modification are shown in

TABLE 1.

TABLE. 1 IMPORTANT SYSTEMS REQUIRING SOFTWARE MODIFICATIONS

System

Process Computer"

SPDS Computer6

Computer for Rad-Waste '

Computer for Monitoring Posts

The Number of Systems

22

1

12

3

The following are major influences of Y2K problem on these systems:
Irregularity in the display of dates on the CRT screen
Irregularity in date printout
Failure of some application programs to operate, etc.

(3) Hardware
The survey found that RTCs, although outputting only the last two digits of the year, will

continue to operate properly in Y2K and beyond and also properly respond to leap year. None of the
RTCs was found to be subject to the influence of the Y2K problem. Incidentally all systems at NPP
were found to have about 4,000 RTCs.

3.3.4. Corrective Actions

(1) Either of the following two methods is mostly used for software modifications:
Two digits represent a method of adding the program that is able to discriminate 1900"s

from 2000's. This method is used for many systems.
(Ex.) 80 - 99 = 1900s; 00 - 79 = 2000s

The other method changes year data from the last two digits of the year to full four digits.
(Ex.) 19"00" (before modification) "2000" (after modification)

(2) The cost of these software modifications totaled about \350 million (approx. $3.2 million at an
exchange rate of \110 to the dollar) for all NPPs.

3.3.5. Current Status of Important Systems

TABLE 2 shows the current status of Y2K readiness for important systems at NPPs.

4 The "important systems" means I&C systems which are important to NPP safety and operation.
3 The Process Computer displays and prints out various parameters indicating the status of NPP. calculates plant
performance and provides some other functions.
6 The SPDS Computer displays technical important parameters for safety and operation of NPP.
7 The Computer for Rad-Waste displays and prints out parameters indicating how radioactive waste treatment
facilities are operating.
8 The Computer for Monitoring Post measures and records radiation levels on the periphery of Nuclear Power
Station.
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TABLE.2 CURRENT STATUS OF IMPORTANT SYSTEMS

Items

Systems

Corrective Actions Not Necessary

Corrective Actions Required

Compliance for Y2K Problem

% Completed

Completion Date

Monitoring System
(Plant Monitoring System, etc)

66
(53)

28
(24)

38

66

100%

Completed
(October, 1999)

Control System
(Feedwater Control System, etc)

164
(24)

164
(24)

0

164
(26)

100%

Completed

(System using times in parentheses)

3.4. Testing & Validation

3.4.1. Basic Principle

(1) Systems Required Modification
We performed simulated test of Y2K problem for all modified systems in site.

(2) Systems not required Modification
Important Systems

Simulated test is performed for systems using RTCs (capable of date setting) in site.
Other Systems9

System as divided by type should be validated at facilities of the manufacturer's factory or at NPP
facilities.

3.4.2. Methods of Simulated Test

Using the time-setting command of the operating system or the time-setting function of the
application program, the time set for each system should be changed in an attempt to find whether the
system operates properly after the change.

The operation of the system should be validated in respect of all functions, including the
interface with external units. Where data are transmitted between two systems, for instance, the time
set for both systems should be changed in an attempt to find, among others, whether they can properly
transmit and receive data after the change.

(Examples of Test Dates)
December 31, 1999 — January 1, 2000
February 28-29, 2000 — March 1, 2000

' Other systems are recorder, maintenance tool, etc.
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(Items of Validation)
Capability of inputting the specified dates
Capability of accurately displaying and printing the dates
Proper operation of all programs without any failure
Never affect control signal (applicable to only control systems), etc.

3.5. Contingency Plan

3.5.1. Company -Wide Plan

In view of our social responsibility for maintaining a steady supply of electric power, an
essential element of infrastructure, we have always been ready to take action in case of an emergency,
such as a facility failure or natural disaster, with manuals prepared on emergency procedures and
drills held regularly. In order to implement all necessary measures to maintain a steady supply of
electric power, TEPCO, as an electric utility, has prepared the contingency plan for the Y2K problem
based on the existing contingency plan. The contingency plan aims to prepare for internal and external
failures peculiar to the Y2K problem, such as troubles with systems having monitoring and recording
functions and a sudden drop in load due to internal or external factors.

The contingency plan is based on the following fundamental concept10:
We should do our utmost to prevent any impediment to carrying on our operations with

the standard operating and monitoring procedures by completing on schedule program
modifications and simulated tests of programs with monitoring and recording functions for
major control systems involved in the operation of power generation facilities.

A malfunction of any of the computers with monitoring and recording functions installed
at a power plant would cause no problem with the operation of the plant because it could be
operated or safely shut down manually. However, we will adopt a conservative policy and
enhance our stand-by system to provide operational back-up, as well as our immediate
response system.

In preparation for any Y2K problems which might occur, we will set up a company-wide
communications system based on the anti-disaster system which has already been
developed in preparation for emergencies such as facility failures and natural disasters.

As part of prearrangements, we perform a drill in responses to contingencies.

Based on the fundamental concept described above, the contingency plan was formulated,
taking into account internal and external risks. The completion of its formulation on June 21, 1999,
the plan was announced publicly.

Internal Risks
Trouble of monitoring systems for Y2K problem

External Risks
Sudden drop in electricity demand due to a failure for Y2K problem at major customers'

facilities

3.5.2. Nuclear Power Division-Wide Plan

The contingency plan for NPP, completed on November 1, 1999, prescribes specific measures
based on the company-wide plan.

3.5.2.1. Purposes of Contingency Plan

Nuclear power plants are very carefully designed to ensure their safety. In order to secure safety
in operation, personnel training course is given at regular intervals based on operation manuals during
an equipment failure or accident, as part of routine safety activities. These arrangements enable NPP

10 Only the parts relating to NPP were extracted.
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to smoothly take all measures for Y2K readiness.
Based on the conditions stated above, we prescribe specific measures by the contingency plan,

in addition to routine safety activities, in a bid to ensure that plant integrity will be maintained in the
Y2K and that even if the plant is affected by Y2K problem, we could quickly shift to responses based
on the existing manuals.

FIG. 3 shows the positioning of the contingency plan.

\ Safetv Design j

Operation Management

(Responses to Unusual
Events }

: 7

Routine Safety Activities

Facilities Management;

| Troubleshooting and j
Measures to Prevent

C . Recurrences ; J

Crisis Management

*~ Responses ito ""*
Emergencies,

Responses to Natural
v. Disasters "V

Shift

Contingency Plan for Y2K. Problem
(Problems Peculiar to Y2K Problem)

! All events, including the Y2K problem, are contained in the envelope of the safety design. I :
i Even in the event of problem peculiar to the Y2K, the design allows a rapid shift from emergency measures to
I routine safety activities.

FIG. 3 Positioning of the Contingency Plan

3.5.2.2. Postulated Influences of Y2K Problem

The following risks were postulated in formulating the contingency plan for NPP. Then we
assessed the impacts of the postulated risks on the plant in case they actually occur. The assessment
found that any of the risks would not impair the safety operation of the plant.
(1) Internal Risks

We believe that the survey of Y2K problem on systems installed at NPP is very low error risk
because these systems are provided with thoroughgoing quality control covering each part as
well. Accordingly internal risks are limited to those which may arise from a failure of some
important systems whose software has been modified for Y2K readiness. These systems are
Process Computer, SPDS Computer and the Computer for Monitoring Post.

(2) External Risks
Among conceivable external risks are variations in system voltage and in system frequency and
troubles with telecommunication facilities. Of these external risks, telecommunication facilities
are considered to have a very low risk of being affected by the Y2K problem because, in
addition to facilities provided by two or more common carriers, TEPCO has its own
communication circuits. Therefore, external risks are limited to the instance where the load on
the power system varies significantly due to the impact of Y2K problem on customers' facilities
that are connected with the system.
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3.5.2.3 Responses to Postulated Impacts of Y2K Problem

As stated in the preceding subsection, neither internal nor external risks impairs the operation
of the plant, but a specific response plan was formulated for the following purposes:

Ensuring that plant integrity will be maintained in Y2K.
Ensuring that even if the plant is affected by Y2K problem, plant operation could quickly

shift from emergency measures to responses based on the existing manuals.
(1) Prearrangements

Identification of monitoring systems
Preparation of manuals
Training in proper responses on critical dates''
Securing a sufficient stock of plant expendables

(2) Measures for Critical Dates
Collecting data on major equipment and checking their functional integrity by a test run
Priority monitoring of specified digital systems installed at NPP
Posting operators on standby at major equipment during the critical hours.
Make system of communication between our and manufactures engineers for emergency

of Y2K problem.

3.5.3. Measures for Critical Dates

Steps should be taken to enhance measures, especially monitoring capability, and arrangements
for posting assigned personnel on standby and improving their communication for the critical date
from December 31,1999, through January 1, 2000.

More specifically, a company-wide total of about 3,500 liaison and standby personnel will be
added to some 1,300 workers who will be on duty by regular shift on December 3 1, 1999 and January
1, 2000. The personnel at our NPP will be increased by around 120 who will be posted at the plants as
monitoring-support and communication staffs on these critical dates.

3.6 Open Simulated Tests

We performed open simulated tests on monitoring and control systems actually installed at NPP
to provide an opportunity for outsiders to see that we had steadily implemented measures for Y2K
readiness.

The aim of the simulated test was to confirm the behavior of the systems when their clocks
were set forward to January 1 or February 29, 2000.

(Check List)
Monitoring system: Accuracy in date display on the CRT screen and in date printout

Control systems: No influence to control signals and accurate dating
of failure information

(Record of Open Simulated Tests)
April 16: Test at Kashiwazaki-Kariwa NPP No.6 Unit (open to the local press)
June 14: Test at Kashiwazaki-Kariwa NPP No.5 Unit (open to Diet members)
June 16: Test at Fukushima-Daini NPP No.4 (open to the press)

June 29: Test at Fukushima-Daini NPP No.4 Unit (open to private
Y2K study groups)

Sept. 6/7: Test at Fukushima-Daiichi NPP No. 1 Unit (open to the press)
Oct. 29/30: Test at Fukushima-Daiichi NPP No.5 Unit (open to the press)

The open simulated test at Fukushima Daiichi NPP No.5 Unit was confirmed the behavior of
the systems when the date set for the process computer was changed during operation. It was the first
of such test ever confirmed in Japan during plant operation.

Critical dates are date having possibility that a system occur failure of system by Y2K problem.
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4. CONCLUSION

The Y2K problem at NPP will not affect the safe, stable operation of the plant, as described
below, and we believe that all of our NPP will see January 1, 2000, without involving any problem.

The parts that are directly related to the control of equipment do not use any date
information, nor do they require any modification for Y2K readiness.

Some monitoring systems were required software modifications for Y2K readiness.
These software modifications had been completed by October 1999.
Following the modifications, a simulated test was performed to verify the integrity of the

modifications.
The systems which use time information were subjected to a validation test to prove the

integrity of the survey for Y2K problem.
Contingency plan for Y2K problem is set up for the specified critical dates.
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