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An expert system for nuclear plant malfunctions 
consequences> implemented and tested on a 

reactor simulator

ABSTRACT

The proposed system is composed of different phases. In 
the first phase the ear 1y detection of malfunctions is 
realized, to identify the origin of ma1func tioning 
conditions. In the second one "previsiona1" methods are 
deve1 oped, showing very rapidly the probab1e evolution of an 
uncontrolied accidental condition.

These techniques are implemented on a nuc1 ear power 
plant simu 1ator .

INTRODUCTION

Aim of the work is to describe the activity we are 
carrying on, in order to improve safety in Man-Machine 
Interface, by means of automatic diagnosis and ana 1ysis of 
ma1functions consequences.

Some definitions are given, to allow the best 
understanding of this paper.

- Module -

Any p1 ant can be divided into several parts, whose 
characteristics are: input variables, produced (output) 
variable, transfer function-

We refer to each of this parts as "real module".
A real module can correspond to a plant component or to 

a more complex process. We can then identify a p1ant and 
simulate it by means of "software modu1es" in which the 
transfer function is realized by means of analog or logical 
deterministic equations, or can correspond to a set of 
probabilistic re1 at ions.
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- Accidental Conditions -
Recuperable and Not Recuperable Accidental Conditions 

(RA and NA) are considered. RA are generated by wrong 
actions and plant can be carried again in normal conditions. 
NA (malfunctions) are generated by p1 ant faults? and there 
is no action to put p1ant again in norma1 conditions.

- Malfunctions (NA) Stabi1ity -

We define stable a malfunction when its evolution 
depends on the present conditions. Thus stability of a 
malfunction corresponds to the possibi1ity to foresee its 
evolution.

- Operator behaviour -

In the p1ant contro1 system a mayor role is p1ayed by 
the operator. In an accidental condition operator can react 
with: Correct Response (CR)> No Response (NR) and Wrong 
Response (WR).

So there are the fo1 lowing possibi1ities

RA+CR
RA+NR

RA+WR

NA+CR

NA+NR

NA+WR

safety conditions are reached
accidental conditions remains with probabi1ity to
generate ma1functions (NA)
accidental conditions remains with high
probabi1ity to generate malfunctions (NA)
malfunctions remains and consequences are
contro1 led
ma1functions remains and consequences are not 
controlied
malfunctions remains and consequences are 
amp 1ified

So by improving operator behaviour, we improve whole 
p1 ant reliability and safety.

DIAGNOSTIC
P1 ant is identified and simulated by sof tware modu1es. 

Each s.m. simulates a real module of the plant (e.g. a 
component» a physical process, a logic procedure). A 
programm called DIAGNOSTIC makes all modules run, processing 
the plant variables (“rea1 variables") and generating a 
"computed variable" (fig.l). Diagnostic function is then 
achieved by comparison between computed and real variables 
(fig.2). Real and Sof tware modules process the same input 
variables (i.e. real variables). If a difference arises 
between output variables? a real transfer function must be 
changed ? due to a malfunction.
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The comparison must be carried on in such a way to 
avoid false alarms* but also to perform rapidly its task. It 
can be based on more or less sophisticated techiniques * to 
avoid errors due to noise * to wrong identification* to 
numerical errors etc.■ We performed comparison as in fig. 3 * 
by means of several contro1s of variables and derivatives 
values.

PREVISION
When a malfunction occurs and is detected by

diagnostic, a second phase starts where

~ DIAGNOSTIC continues its job» with the exclusion of the 
Software Module < s) where malfunction was detected.

- PREVISIONAL starts using the same Software Modules of 
DIAGNOSTIC, but with different connec t ion ( f ig . ‘k ) . So we 
have a Simulator, starting from Initial Conditions 
corresponding to the p1 ant variab1es va1ues at the time of 
the malfunction detect ion and processing a 1inear
ex trapo1 at ion of the wrong variab1es; it runs faster then
real time, thus providing a forecast of the main p1 ant
variables va1ues after a certain time (Prevision Time - PT). 
When the forecast at PT is furnished, PREVISIONAL reads 
present values from the plant again, computes new
extrapolation of ma1functioning variab1es and starts for a 
new prevision.

PT is an important parameter of the qua 1ity and 
usefu1ness of the forecast.

It can vary from PTmax to PTmin, depending on the 
stability of the ma1function, as defined before.

If the transfer function of the malfunctioning variable 
does not change, that is when the ma1function is stable, 
PTmax can be selected.

The stability of the malfunction evolution is evaluated 
by comparing two consecutive forecasts. If the values are 
equal (in a fixed band) PT is increased to PTmax , otherwise 
it must be reduced; if the malfunction evolution changes 
from a stable to an unstab 1e condition, PT is forced to 
decrease every cycle. It stops decreasing when it reachs 
PTmin or if a new stable condition occurs; this behaviour is 
described in fig. 5.
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The initial values of PTmax and PTmin must be selected 
considering that:

PTmax must be not too long:
to avoid the growth of the extrapolation error.

- PT min must be not too short:
to give the operator time enough to take right 
decisions and to reac t against the malfunctions
consequences.

Then their value can be changed fo11owing experience.

OPERATOR ACTION
As we have seen before, no t only "sponteneous" 

maIfunctions can occur, but also "generated" ma1functions, 
which are due to wrong act ions of the operator, and not to a 
sudden change of a transfer-function.

An interactive program cal led OPERATOR is proposed, by 
means of which, during operation in normal condition* the 
operator selects a prevision time PT. OPERATOR reads and 
stores > under operator request * the initial conditions and 
calls PREVISIONAL > thus realizing a whole p1 ant simulator > 
running faster than rea1 time. These previsions allow the 
operator to know if the current sequences can bring the 
plant to a perturbated condition* and where a perturbation 
can occur, to avoid these troub1es.

TOWARD AN EXPERT SYSTEM - FUTURE TRENDS

Fig.6 shows the behaviour and the possibility of the 
proposed techniques, to operate as an Expert System.

Func tions a 1ready implemented are described by
continuous 1ines * whi1e dotted lines refere to func tions to 
be rea1ized * e.g.:

- providing diagnosis and prevision informat ions in an 
improved ergonomic way, by means of rea1 time mimics;

- performing automatic analysis of consequences for the 
plant safety due to malfunction free evolution or wrong 
intervention, by means of a knowledge base (treeshoIds* 
known accidents * experience from other plants etc.);

automatical 1y on-1ine suggesting operational
procedures;
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automatically increasing and improving the knowledge 
base.

APPLICATION
The proposed methods were implemented and tested on a 

Nuclear Reactor Simulator > instead that on a real p1 ant; PEC 
Reactor Simulator was uti1ized• PEC (Prova Element! di 
Combustibile - Test of Fuel Elements) is a 120 MWth 
experimental Fast Breeder Reactor under construct ion by the 
Italian Atomic Organization (E.N.E.A.).

The PEC Simulator (Piet. 1) is characterized by:

- Principal Operator Conso1e exact rep 1ica;
- Plant identified by a 400 differential equations 

mathematical model> with 50 msec minimal integration
step 5

- Package implemented on SEL 32/77 system;
- tiul t ipurpose instructor desk .

Implementing and testing the proposed techniques on a 
Simulator, instead that on a real plant, allows to apply and 
verify them in any possible ma1function. Their va1idity on 
the real plant must, obviously, be verified, but it will 
depend essentially on reliability of the Simu1ator itself. 
P1 ant variables under contro1 of DIAGNOSTIC and PREVISIONAL 
are the following (see also fig.7 - controlied parts of the 
plant are in the cireles):

WRI1
WR 12
WR01
WR02
WXP1
WXP2
WEP
AHV
AHCV
AHX1
AHX2
VRP1
VRP2
ASS 1
ASS2
TCV
TXP01
TXP02
TXS01
TXS02

primary inlet flow rate north 
" " " " south
" out let " " north
" " " " south

IHX primary flow rate north 
" " " " south

emergency circuit primary flow rate 
reactor vesse1 coo 1 ant 1eve1 
component vessel coolant level 
north IHX coo 1 ant leve1 
south "
north primary pump ve1ocity 
south
north " " absorption
south
components vessel coo 1 ant temperature 
north IHX outlet coo 1 ant temp. primary 
south "
north " " " secondary
south "
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Results are displayed on a colour CRT * where flow 

rates> levels» pump velocities and absorptions? temperatures 
are shown. For each variable there are ? from high to low ? 
name ? computed va1ue and rea1 value. The colour code is: 
blue - normal? green - prealarm ? red - a1 arm ? white - 
prevision values. In the b/w pictures of this paper P 
indicates prea1 arm and A a 1 arm.

An example is shown:

Piet. 2 P1 ant is in norma1 conditions. Computed and
rea1 values are equa1.

Piet. 3 In the north pump a malfunction occurs:
prealarm signa1 (green=P) is shown in the
absorption variab1e? and a difference between 
real and computed values arises.

Piet. 4 The ma1function is confirmed and alarm is
given (red=A); fau1t origin is early
detec ted; prevision can start.

Piet. 5 First prevision: probab1e values after 30
sec (PTmin) are shown.

Piet. 6 ? 7 ? 8 Fur ther prevision are provided ? with
different PT va1ues ? depending on ma1function 
stability.
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MODULE
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DCP- Difference between two 
consecutive previsions-

LVC- Logical variable of 
conditioning

MPT- Maximum prevision time 
PT- Prevision time 

Tmax =120 sec.
Train = 30 "

MPTBAND

120-

real
time

real
time

0 real
time
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