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Abstract 

This paper describes the application of advanced computer 
technology to existing Japanese Boiling Water Reactor (BWR) 
nuclear power plants for backfitting. First we review the 
background of the backfitting and the objectives of backfitting. 
And a features of backfitting such as restrictions and 
constraints imposed by the existing equipments are discussed and 
how to overcome these restrictions by introduction of new 
technology such as highly efficient data transmission using 
multiplexing, and compact space saving computer systema are 
described. 

Role of the computer system in reliable NPS are described 
with a wide spectrum of TOSHIBA backfitting computer system 
application experiences. 



94 I . Introduction 

About A decade has passed since the start of nuclear power 
plant commercial operation in Japan and control and 
instrumental-ion system for the earlier plants are now entering a 
stage in wLich system deterioration demand a larger amount of 
maintenance work to keep these plants properly and safely 
operating. On the other hand technology in the electronics 
field has experienced a very large advance during these ten 
years and is still growing very rapidly. 

Computer systems and C&I systems are no exceptions to this 
trend and some of the significant technology changes are : 
development of fast speed and highly integrated VLSI chips 
realizing enhancement of hardware capability and large memory 
capacity, optical data transmission highways utilizing 
multiplexing technique allows high quality and high rate data 
transmission using much less amount of cabling than before, 
development of high resolution color CRT's enhancement of plant 
monitoring through intuitive and integrated plant information 
displayed on it, intelligent high speed data acquisition system 
and also development of software production techniques enables 
more powerful, complex, and flexible software to be implemented 
matching the increase in needs or requirements for the software 
functions. These two factors: system deterioration and 
technology advancement, combined with the sharp increase in 
functional requirements regarding plant status monitoring and 
control during these few years have accelerated the computer 
application backfitting plans. 

In this paper our experiences in nuclear power plant 
computer system backfitting and role of computer systems in 
nuclear power plant will be presented. 

In chapter 2 the status and the problems of the existing 
plant are described. For realizing reliable nuclear power 

station, the objectives of backfitting, the way of backfitting 
and philosophy are given in chapter 3. 

In chapter 4 role of computer system in reliable NPS are 
described and our application system can be found. The relation 
between objective of the backfitting, technology and application 
systems is summarized in chapter 5. 

2. Background 

Recently the technology in the electronics field has 
experienced a very large advantage during these ten years and is 
still growing very repidly. Study on humman engineering are 
achieving useful works in man-machine interface and control room 
arrangement and alarming philosophy such as categorized alarm 
and the use of color coding. Progress in automatic control 
theory and application system was achieved automatic turbine 
start up - shut down in BWR plant. 

And after TMI incident the requirement on the plant safety 
and operationability are increasing. The new plant which has 
been recently designed can use above new technology and satisfy 
the safety and operationability requirements. 

But, it is not easy for the existing commercial plants and 
the plants which are under construction to satisfy the safety 
and operationability requirements stimulated by TMI incident, 
they have many problems because of being old plants. 

a. These are many manual operations 
b. Lack of TMI counter measure functions 
c. Man-machine interface is not so good 
d. Obsolete computers and Control and Instruments 
e. Low plant availability because of long outage time 

Under such a situation the backfitting is the key to upgrade 
the existing old plant and to have more reliable nuclear Power 
Station. 



3. Backfitting (to have more reliable NPS) 

3.1 Objectives 

The objectives of backfitting of NPS is to have more 
reliable NPS, and to improve the following factors. 

a. Reliability 
b. Availabilitgy 
c. Safety 
d. Maintainability 
e. Operationability 

The big difference between new construction plant and 
backfitting of the old plant are followings. 

a. The new plant can achieve above objectives by the 
original design. 

b. The old plant should achieve above objectives 
through the backfitting. 

This is the feature and difficulty of th=» backfitting. 

3.2 How to realize 

Several methods for realizing backfitting can be used such 
as replacement of obsolete system, introducing new systems, 
introducing new technology and uprading of functions. 

Application of computer technology which has experienced 
great progress in recent years has been one of the most powerful 
method fulfilment of the objectives given above. 

But the difficulties lie in the interfacing between new 
system and the old one, namely the new system should fit to the 

95 existing interfaces of the old system. 

Restrictions and constraints imposed by the existing 
equipment such as the necessity of cabling for additional 
monitor and control process inputs and outputs, the problems of 
available space, power supply, and air conditioning are the 
features of backfitting. 

And important thing is the fact that the backfitting work 
roust be done during the periodical plant maintenance outage 
period. 

This means that high level system engineering is needed for 
scheduling. 

3.2.1 What to be considered 

What to be considered for backfitting derives from the 
features of backfitting to the existing plant which is mentioned 
above. 

The following principle subjects are to be considered before 
backfitting. 

(1) To make maximum use of existing facilities, interfaces, 
cables and sensors, minimizing the need for new building, 
walls etc. 

(2) To provide a reliable computer facility, with reliable 
support systems, (Uninterruptable Power Supply, Heating 
Ventilating and Air Conditioning). 

(3) To be considered the technique or method for minimizing the 
work of alteration of existing panels and benchboards in 
order to take new inputs for the new systems. 

(4) To have to keep a system reliability higher by adopting 
factory combination test with the plant dynamics stimulator 



or such kind of tools, because at site the validation and 
verification test time and checkable items are limited very 
much. 

(5) To consider the next backfitting phase. 

a. The life cycle of the NPS is over 30 years but that of 
C&I system is about 10 years. 

b. New technology makes the computer system smaller, more 
functions will be added in the same space as the 
previous computer system in the next backfitting. 

3.2.2 Available Technology 

The new technology can make the nuclear power station more 
reliable, more available, safer, and easier to operate and to 
maintain. 

Available and useful technology for backfitting is 
followings. 

(1) Computer technology 

a. Hardware innovation 
b. Software engineering 
c. Advanced peripherals 

(2) Human Engineering 

(3) Redundant System 

(4) Robotics (Automation) 

<5> Multiplexing Technology and Optical Fiber 

In the computer hardware field, development of high speed 
and highly intergrated VLSI (Very Large Scale Integrated 
Circuit) chips has realized enhancement of space factor, that 
is, spatial smaller computer can raalize more enhanced functions 
than the old one. The VLSI technology, also, brings larger 
memory capacity which can memorize much more data and can 
process it quickly. At backfitting new functions to an obsolete 
computer system, new computer system, which has sufficient 
capability to add new functions to current functions, could be 
installed in the area where the old one did. 

Peripheral equipment of computer system has been also 
developed. Using CRT (Cathod Ray Tube) to display important 
parameters with a mimic piping diagram could improve the 
operator's monitoring plant operation. The voice announcing 
device, which can speak preset phrases according to the demand 
of computer, could inform operators who whould not give 
attention to the information of computer system through 
typewriter or CRT, to present that, for example, the plant was 
suffering from anomalous event. 

In the computer software field, development of software 
engineering can realize more powerful, complex, and flexible 
software to be implemented matching the increase in needs or 
requirement for the computer software functions with high 
reliability. 

On the other hand, the progress of the human engineering has 
enhanced operator's monitoring ability through i.ituitive and 
could reduce operator's misoperations and misunderstandings. 
The CRT display well regarded the human factors could make 
operaters to grip the plant status easily and accurately. 

Also, Robotics and automation technology is useful for 
backfitting because it can replace the conventional manual 
operation to newly sophisticated computerized automatic 



operation and it can help the operators to be free from a simple 
repetitive work and can reduce dosage. 

Another innovation can be found in multiplexing and optical 
fiber. Optical fiber has many advantages such that it can 
reduce cabling space drastically and it is free from the 
electromagnetic noise. This means that optical fiber is a 
powerful tool for backfitting. 

4. Role of computer system in reliable NPS 

The computer system is the ke;* component for the backfitting 
to have more reliable NPS. 

4.1 Role of computer system 

Computer system are consist of high technology such as 
hardware technology, software technology and application 
software, and it has achieved important roles in NPS as follows: 

(1) Automation 
Computer system can replace the manual operations to 
automatic operations. 

(2) Bulk of data gathering, editing, recording and analyzing 
capability 

2ome feature of the computer is to be able to handle 
and to process the bulk of data very quickly and 
accurately. 

(3) Repetition of same simple (or complex) work 
Computer can repeat same action or processing in 
anytimes accurately, this means simple repetitive 
operation can be replaced by the computer system. 
Computer does not make mistake as human does. 

(4) Man-machine interface 
Computer system with advanced peripherals such as color 
graphic display, voice guidance and touch screen board 
improve man-machine interface and reduce the operator 
burden to grasp the entire plant status. 

(5) Intelligency (value added of the computer) 
Computer system can judge, act and process the 
information. 
This is the most important feature of the system. 

4.2 Application systems 

The roles of computer are described in above section, in 
this section the more detailed roles are discussed with a 
concrete computer application system. 

For example, the automatic refueling machine is the 
computerized system which can refuel and shuffle automatically 
according to the preset procedure. The conventional machine 
without computer is driven by an operator who rides on the 
refueling machine above the reactor core. The automation 
function, which is one of the main role of comruter, replaces 
the operator from radioactive environment and can refuel and 
shuffle rapidly and accurately. The time saving for refueling 
is sixty-five percent of manual, the manpower saving is fifty 
percent, and the radiation exposure is reduced to sixteen 
percent. No misoperation has realized also. As refueling and 
shuffling is the critical pass of plant outage schedule, the 
automatic refaeling machine can shorten the plant outage time 
and can improve availability of the plant. 

The typical example is discussed above, another application 
systems featuring computer are listed in Table 1. And relation 
between application systems and benefits is shown in Fig. 1-



As shown, intcoduction or" a computerized system has many 
improvement. The DMS, tor an example, improve reliability, 
safety, and opeiationability of the plant. 

5. Conclusion 

In summary, computer application system for backfitting is 
described, and Fig. 2 shows the relationship of the objectives 
of the backfitting and applicition computer systems and 
available technology. 

Computer technology are growing in a rapid speed especially 
in application software. Recently Research and Development on 
Artificial intelligence and knowledge base system are being 
carried out. 

Application computer system for NPS using Artificial 
intelligence and knowledge base software will make NPS more 
reliable, for example high level plant diagnostic and operator 
guidance function with learning capability would help the plant 
operator very much. 

In such next backfitting stage, "more intelligency" and 
Robotics will be introduced to the existing plants, and it will 
make NPS more reliable. 
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Table 1 Back fitting Systems (1) 

Methods 

System Function Conventional 
system 

Backfitting 
system 

DMS , Mimic display . Hardwired 
(Display & , Alarm message display logic 
Monitoring . Detection of anomalous . Conven-
System) conditions at the tional 

non-scheduled shut- process 
down computer 

. Stand-by Monitoring 
of ESS 

. Predetection of plant 
abnormal condition 

Computer 
CRT 
Multiplexing 

SPDS 
(Safety Para
meter Display 
Cistern) 

Minimum set of safety 
parameter display 
Mimic display 
Alarm message display 

None Computer 
CRT 
Optical fiber 
(option) 

Radioactive 
Waste Disposal 
Control & 
Monitoring 

Mimic display 
Alarm message display 
Detection of anomalous . 
conditions at the 
non-scheduled shut-down 
Automatically 
display of the 
operating parameters 

Hardwired 
logic 
Manual 
operation 

Computer 
CRT 
Sequence 
controller 

Condensate 
Demineralizer 
Automatic 
Control 

Automatic operation 
Automatic regenera
tion of the resin 
Mimic display 
Alarm and 
Monitoring 

Hardwired 
logic 
Manual 
operation 

Computer 
CRT 
Optical data 
highway 
Touch 
sensitive 
screen 

Table 1 Back fitting Systems (2) 

Methods 

System Function Conventional 
system 

Backfitting 
system 

Automatic 
Refueling 
Machine 

Automatic refueling 
operation 
(Direct Digital 
Control) 

Operation according 
to the preset data 

Manual 
operation 

Computer 
operation 

TOSREX . Data strings record
(Toshiba dynamic ing before and after none . Computer 
analysis and the preset event (or pen . Printer 
RECording . Manual data record recorder) . CRT 
System) ing 

ARTREX 
(All Rod Timing . Measurement, re . Pen . Micro 
RECording cording and recorder processor 
System) checking appropriate

ness of all rod 
scram time 

. CRT 

IDT . CRT format genera
(Intelligent tion by man-machine none . Desk with 
Display conversation CRT Terminal) . On line data 

display from the 
host computer 
(MODEM interface) 
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Fig. 2 Scope of computer application rackfitting 
in nuclear power plants. 


