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ROLE of EXPERT SYSTEMS in the OPERATION and CONTROL of 
NUCLEAR POWER PLANTS 

The organizers of this conference have kindly askec me 
to report on my personal experience regarding know.--âge 
engineering and to express my feelings about the us: of 
expert systems in nuclear power plant operation and con
trol. 

In this talk, I will summarize the past improvements and 
remaining limitations of plant control systems, define 
knowledge engineering and propose some prospects for 
future uses of expert systems in plant operation, discuss 
our present involvement in expert systems and the status 
of our first'applications and, finally, draw some simple 
conclusions. 

Twenty years ago, automation of nuclear power plants and 
information systems were generally limited. In traditional 
control rooms, the display showed crude data and many indi
vidual alarm displays. Since that time, much has been 
done to process data available to plant operators. In 
advanced control rooms, the operator is offered elaborate 
and extensive information processed from data and measure
ments. The problem is to display this information in such 
a way as not to overwhelm the operator, but to focus his 
attention on main messages. In future control rooms, the 
operator will have at his disposal knowledge in addition 
to data and processed information. This knowledge will be 
encapsulated in knowledge based-systems and in expert 
systems and will call on diverse information supporting 
media. Knowledge-based systems utilize reasoning capabi
lities of computers when they are loaded with software 
adapted to symbolic reasoning. In these systems, the 
reasoning capabilities are collected and organized in a 
separate module that is called an inference engine. The 
knowledge is entered separately, according to prepared 
formats, into a knowledge base. The knowledge to be drawn 
on can be well formalized and documented, and readily 
accessible in documents or other media. It can also consist 
of implicit know-how, common sense or expert reasoning. 
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When the knowledge-based system is endowed with special 
skills that distinguish experts, it is called an expert 
system. Knowledge-based systems are able to explain their 
lines of reasoning. Knowledge-based systems will be used 
in nuclear power plants as well as in other facilities to 
automatically perform many tasks which require knowledge 
and expertise. Let us consider examples. 
Measurements and data will be processed by expert systems 
to eliminate wrong sensor indications, to ensure consis
tency and to elaborate enriched information. This inform
ation will be used by knowledge-based systems to help the 
operator in assessing any and all situations of the plant. 
Then, expert-systems will advise the operator on the best 
steps he can take based on the plant conditions. 
The improvements that can thus be expected in the decision 
making process will help in overriding limitations of the 
present operating systems. 
Today, instrumentation and control are usually non-optimal 
and set-points are often very conservative; improved stra
tegies for control, based on adaptive reasoning, will be 
available. In case of large transients, the operator, who 
is presently Rxpected to react wisely under all circumstances, 
will have at hand a reasoning machine which never panicks. 
Furthermore, it is not easy for the operators to anticipate 
remote consequences of plant dynamics because some transients 
açe complex. 
Thanks to a permanently maintained and updated knowledge
base on plant performance and operating procedures, the 
operator will be" cruided to run the pJant according to general 
and aggregate criteria. Such criteria will aim at : 
- running the plant safely while consuming the least 

amount of resources to achieve best economy; 
- running the plant smoothly in order to avoid aging and 

wear, at least as well as the most seasoned operators. 
In a nutshell, the operator and shift supervisor will be 
provided with an OPERATOR's GUIDE to improve operation from 
the points of view of : 
- visibility of plant conditions thanks to multi-media 

information called on by expert systems; 
savings in resources consumed; 
smooth control of the plant incurring assured safety 
and availability and decreased fatigue and wear of the 
plant. 

The Operator's Guide will also help in planning and per
forming maintenance of the plant. Finally, knowledge-based 
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systems will be pervasive in all tangible and intangible 
tasks which contribute to the operation of the plant. 
After confidence in the reliability of these systems has 
been established, they will also take care of monitoring 
some plant systems in addition to providing advice. 
However, this Operator's Guide is not meant to replace 
human operators who will remain in charge of plant oper
ation and keep the power to make decisions. It will play 
an important part in operator training with the aim to 
raise the overall level of skill available on-site to the 
level of the best experts in operations and plant dynamics. 
The Operator's Guide is not meant either to replace conven
tional electronic or computer systems. Knowledge-based 
systems will be added to information systems and be inters
persed into conventional software where the added layers 
of knowledge will be of significant value. 
The prospects I have Just discussed are, for the time 
being, expectations only. Faced with these expectations 
and the efforts needed to learn a new technology before 
becoming able to use it, two behaviors can be adopted : 
- wait and see, expect confirmation of the applicability 

and benefits of the technology and, then, procure 
systems and expertise from the companies that will have 
developed them; or, 

- experiment to train people and to understand how and 
where to implement the technology in order to be ready 
for an extensive use of knowledge systems once they 
are mature. 

We have selected the second path. 
For FRAMATOME, I have set up a strategic association with 
a, still small, but pioneering and promising company, 
TEKNOWLEDGE. Located in Palo Alto, it was created in 1981. 
The cooperative agreement between TEKNOWLEDGE and FRAMATOME 
provided for exchange of technology and maintenance of tech
nological parity overtime. A knowledge engineering company, 
FRAMENTEC, has been created to supply expert systems in 
Europe. Our common goal is to address ourselves, respectively 
in the United States and in Europe, to satisfy the needs of 
industry and economy. 
To reach this goal we supply tools and services. The tools 
are software shells prepared to receive the knowledge in 
order to-create a knowledge-based system. We have designed 
our tools so that they may be used by engineers with no 
previous background of artificial intelligence and no special 
skills in writing software. 
We put more emphasis on strongly supporting users with 
quality documentation and consultancy, than on-drawing on . 
the latest technology to build our tools. I feel that a 
large portion of knowledge-based systems will be prepared 
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by engineers experienced in each specialized technical 
area. When it comes to capture deep and not so well 
documented expertise, joint work of knowledge engineers 
and experts will lead to expert systems. TEKNOWLEDGE 
and FRAMENTEC have already delivered more than three 
hundred copies of their tools, Ml-and SI, which run on 
computers of various kinds and brands : lisp machines, 
P-C's, mini's or mainframes. Our customers have built, 
alone or with the support of our teams, many prototype 
expert systems. Some are fielded and regularly used in 
industrial environments. 
As far as FRAMATOME is concerned, we think that this 
technology will generate tools to improve productivity. 
Thus, in addition to FRAMENTEC's team, we are training 
nearly twenty FRAMATOME people who will introduce know
ledge based systems in all our operations. We have 
already implemented prototype systems of different types : 
pre-processors for our structural analysis computer code, 
operator's advisor for a TIG welding process being imple
mented on the shop floor, human resources diagnostics for 
job and geographical mobility, etc. 
The French utility, EDF, has developed twenty expert 
system prototypes in various fields such as : human 
resources, sensor and signal interpretation, diagnostics 
and surveillance, process control , assistance to soft
ware programming, load dispatching, etc. 
I shall focus now on the status of applications in the 
control of nuclear power plants. We develop applications 
keeping in mind that they must be desired by the operators 
and accepted by the regulators or vice-versa. In this 
respect, some specific procedures will have to be provided 
for feed-back of operator experience to knowledge engineers. 
Regarding process-control, you have been able to look at 
the video tape which was prepared on Plant Monitoring 
System 1. PMS 1 monitors PWR boron content in the primary 
loops. PMS 1 anticipates daily load follow and minimizes 
effluent volume based on indications from the automatic 
control system-
Regarding post-incident and post-accident situations we 
have worked in two directions : 

inbedding in an expert system operating procedures 
that are based on direct measurement of state para
meters: 

- building a symbolic model of the plant to capture the 
expertise from which procedures, to be followed by the 
operator in case of accidents, are derived; expertise' 
of the most seasoned experts and accurate dynamic 
behavior, can be encapsulated to advise the operator 
under accident conditions. 
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Regarding training, we are planning the addition of an expert 
tutor to our FRAMATOME Functional Analysis Simulator. 
This first hand experience on development encompassing 
two years work has taught us some lessons. 
First, expert systems will have to be open. They will be 
linked to sensors, will consult data bases, will call 
design codes and will be invoked by standard computer 
programs. Knowledge systems will have to rely on exist
ing software and to be integrated into conventional soft
ware. They will add to this huge volume of existing 
computer codes, their generic capability to process symbolic 
reasoning. 
Second, expert systems will have to be portable. Lisp 
machines offer graphic environments which can be useful 
at the development stage and for graphic display to the 
user; but knowledge bases must be usable, thanks to ver
sions of A.I. tools that are tailored to standard P.C.'s, 
mini's and mainframes. 
Third, expert systems have a superb capability as 
conductors. Data acquisition, numerical computation codes, 
information processing and display modules will often 
reside outside the expert system. The expert system will 
play the part of a conductor and appropriately call exe
cution modules. 
When will these efforts be brought to fruition ? when will 
important applications be fielded and put into real use ? 
Things change fast. A year ago, around a hundred 'expert 
systems were reported. Presently, there are probably more 
than a thousand prototypes. Companies still tend to be 
secretive about what they see as the basis of their compe
titive edge. I would say that two more years will be 
required before large systems can be put to use industrially. 
A final comment : Artificial Intelligence also tends to 
be "addictive" since I have not observed one company which 
abandoned A.I. after having tried it. 
A few months ago, I attended a meeting in France where I 
briefly expressed the same opinions. I only added that 
it could be a good idea to get started in knowledge engi
neering by working on simple but rewarding applications 
and not immediately jump to big and difficult systems. 
After the meeting, one of my colleagues came to tell me 
that he disagreed with me. He affirmed that expert 
systems would soon be found in control rooms. Since I 
agreed all along with this last statement, I was discour
aged by this communication problem. 
I hope that today I have been better able to convey my 
message to you. 


