
THE NEW SUPERVISORY SYSTEM OF THE ENEA'S TRIGA 

Z. BESSENYEI(#), T. BUSINARO, M. I. RABBANI <S» 

ENEA CRE CASACCIA TIB ISP INFO LABORATORY, 
ROME, ITALY 

ABSTRACT 

The largest effect on the development of supervisory systems 
was caused by the- TMI accident in 1979. Many-many regulation, 
testing and control requirements and operator aid systems have 
been born since that time. In the -first phase fault model based 
systems were developed, but it has been turned out, the reality 
is more inventive, than the best fault model designer. In recent 
years the researchers' attention has turned to the supervision 
and diagnostic methods based on the comparison of the the 
behaviour of the plant and its model. This way is strongly 
supported by the exponential growth in the capability of the 
available computers. It is supposed that the description of the 
wanted behaviour of a plant is easier than gathering its possible 
disturbances and their consequences. 

The project on the ENEA's TRIGA supervisory system intends 
to solve the problems of a plant wide supervision. The new 
control room of the ENEA's TRIGA reactor will probably be 
realised in the second part of 1987. For information presentation 
and diagnostic purposes the multilevel flow modelling and the 
mimic method were chosen. 

The diagnostic concept of these two methods are process 
model based. Both of them have been planned to detect faults 
earlier than an accident occurs. Their way of information 
presentation fundamentally different. The mimic version is an 
equipment oriented, symbolic, graphic method, where the 
components of the plant are represented by very simple graphic 
symbols, and the symbols are ordered into pictures, according to 
their real interconnections. Pictures with different detailness 
are interrelated in hierarchical order. The top picture contains 
the fully simplified technological scheme of the plant, with the 
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most important variables. On the lowest level there Are pictures 
of the equipments with their own descriptive variables. The color 
of the different parts of a picture gives qualitative information 
about the actual status of the plant, subsystems or equipments. 
The color changing is based on the comparison of the measured and 
modelled variables. 

The multilevel flow modelling is function oriented. In the 
point of view of modelling it is supposed that the system to be 
modelled was planned, constructed and is operated to achieve some 
goal(s), which was or were established by the designer and/or the 
user of the system. The goal<s) of the system can be achieved if 
its appropriate functional parts are working well. The functional 
parts (aggregates or nodes) can work well if their physical 
realisations are available. It is easy to recognise, in complex 
systems this triple can be repeated several times, from the main 
goal of the plant to the equipments, through the subsystems. The 
nodes are composed of elementary flow functions, which describe 
the mass/energy flow within an aggregate. A set of predefinied 
flow functions are used to describe a complex plant. Choosing 
appropriate graphic symbols the nodes can be presented as 
hierarchically ordered pictures,^ where some color changing is 
used for qualitative diagnosis. Its base is the comaprison of the 
process model and the measured variables which belong to the node 
considered. 

Up to now, the mimic presentation and a preliminary version 
of the multilevel flow model of the TRIGA (together with its 
equation model) have been developed at the ENEA TIB ISP INFO 
laboratory. During this work some methodological question were 
answered, and some new solution were introduced relative to the 
earlier mfm applications. This paper is a short summary of the 
work, and with respect to the topic of the conference, the way a* 
the information presentation is emphasized. 
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1, Introduction 

In the present day control rooms the amount of information 
presented to the? operator is very large and in the case of 
disturbances the operator may be overloaded which, at. times, 
confuses the operator rather than helps him in understanding 
the nature of the problem. Second problem is that all this large 
amount of information is discrete sensor level information which 
provides values of different process parameters to the operator 
but he is not really informed about the effects and consequences 
of some events in the plant i.e. if some parameter limits are 
violated how it is going to affect, the process itself,, In other 
words the information presented to him does not help hirn in 
comprehending and having a feel of the process. Report on "iTH-2 
accident supports these facts. This gives rise to the need of 
making use o-f digital computing techniques for information 
processing prior to its presentation to the operator. The 
information presented to the operator should be concise, 
unambiguous and give present state of the plant and possible 
consequences of a disturbance, if one exists, on the overall 
status of the plant. The design principle of information 
processing could be based on cause consequence diagrams as in the 
case of EPRI's DABS and German STAR DAS, or path following of 
critical functions as in the case of Combustion Engineering's 
CFMS or system modelling on universal laws of conservation of 
mass and energy as in the case of multilevel flow modelling imfm) 
method. 

In the recent years process model based early -fault 
detection and diagnostic methods have been born,, Their 
development has been strongly supported by the exponential growth 
in the capability of the available computers. It is supposed that, 
the description of the wanted behaviour of a plant, is easier than 
gathering its possible disturbances and their consequences. 

The ENEA's TIB ISP INFO laboratory has been engaged ••-• among 
others — in supervisory systems which ars working online, help 
the operator during abnormal situation and perhaps warn him 
before an unwanted occurence. Developing of these systems is the 
first step in the development of opeartor aid expert systems. 
System mentioned later should give to the operator not only well 
prepared information about, the actual state of the plant, taut 
using their knowledge-base - some advices too. 

Having the experiences of the earlier experiments and 
knowing the parameters and facilities of the TRIGA project it. 
seemd to be more fruitful to chose the multilevel flow modelling 
and the mimic method. The diagnostic concept of the two methods 
is process model based. Both of them have been planned to detect 
faults earlier than an accident occurs. In other words, in the 
ca.BB of process model based methods we must distinguish between 
two models. The first is a graphic, simplified model destinated 
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for information presentation which acts as the tool o-f the man-
machine interface. The second is a set of mathematical models o-f 
the different subsystems, which serve to generate the calculated 
process variables. The calculated values are compared with the 
measured values and the result o-f the comparison is the input for 
the information presentation model. 

The multilevel flow modelling is function oriented. In the 
point of view of modelling it is supposed that, the system to be 
modelled was planned, constructed and is operated to achieve some 
goal(s) , which was or were established by the designer and/or the 
user of the system. The goal(s) of the system can be achieved if 
its appropriate functional parts are working well. The functional 
parts (aggregates or nodes) can work well if their physical 
realisations are available. It is easy to recognise, in complex 
systems this triple can be repeated several times, from the main 
goal of the plant to the equipments, through the subsystems. The 
nodes s.re composed of elementary flow functions, which describe 
the mass/energy flow within an aggregate. A set of predefinied 
flow functions are used to describe a complex plant. Choosing 
appropriate graphic: symbols the nodes can be presented as 
hierarchically ordered pictures, where some color changing is 
used for qualitative diagnosis. 

The-? multilevel flow modelling was originally developed by M. 
Lind CI,3j and was applied for simulated NPPs at the Hal den 
F'roject and at the EMEA. During the development of the TRIGA:'s 
multilevel flow model some methodological correction was 
necessary to solve the problems caused by the f'act: the TRIG A is 
a real plant. 

The mimic representation is a srtongly equipment related 
information presentation way. Starting from a non-deati1ed 
general view of the plant the user (operator) can choose more and 
more detailed pictures showing only a part of the plant. The 
actual values of the measured variables s^re displayed inside the 
pictures which they belong to. The time behaviour of the 
variables is also available in separate pictures. Though the 
principle of the mimic type plant state presentation is not new, 
it. is worthy of development. It. can be used as a comparative 
tool, during evaluation of other information presentation methods 
e.g. mfrn. For reasonable comparison of different methods it. is 
necessary that the different methods should give information 
about similar set of events or processes, e.g. a multilevel flow 
model based global diagnostic system and a noise measurement 
based one a.re hardly comparable though both are for plant state 
identification. That is why the structure of the TRIGA mimic 
pictures (the system - subsystem -•■ equipment division) was chosen 
to be similar to the hierarchical interrelations among the nodes 
of the multilevel flow model. In this mimic system a very simple 
diagnostic algorithm helps the operator in identification of the 
source of the disturbance. A separate part of the screen is; 
reserved for diagnostic, (written) messages. At the present state 
of "the research it seems that this mimic method can rather help 
the diagnosis at component level. 
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Theoretical background 

2.1. The essence of the multilevel flow modelling 

Though the original papers on the multilevel flow modelling 
[3,4,1011 have claimed it to be a very general tool for -functional 
description o-f any system and and for presenting the current 
state o-f the system, we consider it as a possible solution for 
man-machine interfacing in supervisory systems. In the point of 
view of modelling it. is supposed that the system to be modelled 
was planned,, constructed and is operated to achieve some goal (s) , 
which was or were established by the designer and/or the user of 
the system. The goal(s) of the system can be achieved if its 
appropriate functional parts B.re working well. The functional 
parts (aggregates or nodes) can work well if their physical 
realisations a.re available. ..It is easy to recognise, in complex 
systems this triple can be repeated several times. In other words 
during the development of a model the next three questions should 
be answered: 

WHY the function is carried out? 
WHAT is going on? 
HOW is it accomplished? 

The questions can be shifted from top to down, because if 
something is a functional support for something else, at the same 
time it can be the goal for its own support, and so on, as long 
as the answer for the last HOW type question is trivial or a more 
detailed description is not wanted. 

It is also supposed, that the aggregates are composed of 
elementary flow f uncti ons%,. •• whi ch d.escr i be thee mass/'energy flow 
withi-n an aggregate. The basic flow functions used in 
constructing of models are defined below, and their graphic 
symbols s.re shown in fig. 2.1. 

SOURCE/SINK FUNCTION; represents the property of a system to 
act. as an infinite resevoi r/drai n of mass or energy,. 

TRANSPORT FUNCTION; represents the? property of a system to 
provide transport of mass or energy between two other 
systems. A transport function is characterised by a 
performance parameter indicating the rate of flow of mass or 
energy transferred. 

STORAGE FUNCTION: represents the property of a system to 
function as an accumulator of mass or energy. It is 
characterised by a performance parameter indicating the 
quantity of mass or energy accumulated. 

BALANCE/DISTRIBUTION FUNCTION: represents the property of a 
system to prvide a balance between the ingoing and outgoing 
flows. The performance parameter is a vector characterising 
the ratio between the rates of individual ingoing/outgoing 
f1ows. 
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BARRIER FUNCTION: represents the property of a system to 
prevent the transfer of mass or energy between two other 
systems. 

SUPPORT FUNCTIONS represents the property of a system to 
provide condition which is necessary to allow another system 
to perform its function. The performance parameter-
associated with the support function is the variable defined 
by the condition to be provided. 

SUPPORT CONDITION; describes the condition to be satisfied 
in order to ensure that a flow function exists. It can be 
associated with any of the first five flow functions. 

PERFORMANCE REQUIREMENT: represents a condition to be 
satisfied by a performance parameter related to the flow 
function. The requirement is expressed in terms of a 
predicate which should be true. 

CONTROL FUNCTION: describes that a function can be 
control 1ed. 

This description is based on [1,23, where there are also 
given some rules for interconnection of these functions. 
Normally, the aggregates composed of flow functions are 
interrelated using support functions, but in some applications 
these rules were ignored E3,4,53, though some of them have been 
corrected since the first issue was presented E63. 

The aggregates a.re composed of the elementary flow functions 
listed above. One or more of them are supported by one or more 
support fonctions and/or support conditions and control 
functions. The support functions represent other nodes 
(aggregates) which can be decomposed into (supported) flow 
functions. On this way a node can be considered as a complex flow 
function, which has a performance parameter vector and a 
performance requirement vector. The performance requirement, 
vector is confronted by the qualifier vector which is derived 
from the performance parameter vectors of the support functions 
and conditions. The result. shows whether the complex flow 
function is really supported or not. The performance parameter 
vector has also got a set of qualifier (the performance 
requirement of the higher level). It must be stressed ••■- because 
of the (complex) flow functions describe? real processes and there? 
are always time delays in real processes - the result of the 
upper and lower comparison can be different. Moreover, the 
performance parameter vector can have its own qualifier, 
different from the performance requirement vector of the upper 
level. (A very simple case is if one element, of the performance 
parameter vector is not. considered at higher level.) The fig 2.2. 
shows the three possible? situations within a multilevel -flow 
model structure. For being simple, only three interrelated 
support functions were chosen, without details. The version 7a ! 

illustrates the situation when the problem has appeard within a. 
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complex flow function. It is supported properly and its 
performance parameter vector satisfies the performance 
requirements of the upper level. The version •" b;' illustrates the 
situation when the complex function is supported well, but its 
own performance is so poor, that the performance requirements of 
the upper level are not satisfied, but that function still 
produces its planned behaviour. In the version 'c', even the 
performance vector of the upper level is out of margin. The 
version '"a" can be stabil (the disturbance does not propagate). 
The version ?b' is always a temporarily situation before the 
system goes into the version *c'. 

The flow chart of the diagnostic algorithm is shown in the 
•fig. 2.3. The evaluation begins at the lowest level. For each 
node the first, step is the checking of the support conditions and 
the state of the control functions. (The lowest level is not 
supported by any support function.) Second step is the computing 
of the individual performance parameter of each elementary flow 
function within the nodes and comparison to their own qualifier. 
The third step is the comparison of the performance vector of the 
node (composed of the individual performance parameters) to the 
requirement vectors of the upper level nodes. The diagnostic 
algorithm for the higher levels is similar but. in the first step 
the result of the earlier third one is also considered, beside 
the checking of the support conditions and control function 
states supporting the given level. According to the capabilities 
of the computer applied, the evaluation of the same level nodes 
can be done in parallel. 

What is the 'final diagnostic: message''?'' What is that the 
operator should receive? A draft.of an advanced screen is shown 
in the fig 2.4. It is.different from the sreens presented earlier 
[2,4,53. Let us examine the fields of the screen. The head line 
is the simplest. It contains the identifier number and the name 
of the node. The auxiliary field can be used to activate the 
touch screen (if it is used) or for presenting information about 
the state of the supervisory system (some kind of self diagnosis) 
or confirming the information received from the operator 
(especially in the case of verbal commands). The diagnostic field 
contains global information aabout the plant. Here is given the 
structure of the model in term of interrelated support functions 
and the result of the diagnostic algorithm (final daignostic 
message composed of the individual diagnostic flags) is also 
presented here, using simple color changing. This method was 
illustrated in fig. 2.2., 

In the functional description field the internal structure 
of the node is detailed using the graphic symbols of the 
elementary flow functions. The values of the individual 
diagnostic flags (see: fig. 2.3.) aret the base of the alarm or 
warning messages, and the tool is also color changing. It must be 
noted, that not every elementary flow functions is necessarily 
supported or conditioned. it is also imaginable that the 
performance parameter of some of them is not considered in the 
performance parameter vector of the node. 
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In the performance parameter field the components of the; 
performance parameter vector are presented, using bargraph type 
presentation way. For a little redundant information presentation 
the color of the bargraph may be changed to alarm if the actual 
value of the performance parameter does not satify the 
performance requirement of the supported node. Presentation of 
performance parameters based on measured values is suggested 
instaed of modelled values to be in keeping with the normal 
monitoring system. The modelled values are used within the 
comparison related to each flow function. 

There are two aspects in which this paper differs from the 
earlier applications £2,411: in handling of the support conditions 
and control functions. A support condition means a connection to 
the environment. Let us see an example for better understanding. 
The water level of a river can be critical for a NPP if the 
tercier cooling is supported by the river., It is illusion to 
prepare a meteorologic model of the level changing and to give it 
to the operator as a part of the supervisory system. It must be 
considered as an external condition. If the water level is under 
a certain value, the environment simply can not serve as an 
infinite resevoir. The fig. 2.5. shows how it is possible to 
describe this function using mfm symbols. 

The second problem is the status of the control function.. 
The original definition is; "control function describes that a 
function can be controlled'. Up to now the operator has not 
received any information if this control is available or not. It 
must be strongly emphsized, the introduction of the ststus 
information about a control function does not mean that the 
multilevel flow modelling is extended to the field of the control 
sysytem. But the control system can be considered as a link 
between the environmental requirements and the plant, so the 
status of some control functions is also important information 
for the operator. A simple example (fig. 2.6.) can help us again. 
Two tanks of water are interconnected, the flow between them is 
forced by the gravitation and controlled by a valve. Functionally 
it. is a controlled mass flow from a source to a sink. The 
performance parameter of the transport function is Fl. The 
performance parameters of the source and the sink can be their 
level LI, L.2 respectively. Without the status information about 
the control function, all the three performance parameters can be 
acceptable. E<ut if we have got the status information indicated 
in the figure, the alarm setting of the transport function 
immediately indicates a broken pipe between the flow rate 
measuring point and the valve. If the status information were not. 
presented, only considered in the diagnostic algorithm (if at. 
all!), the operator should have had to search for additional 
information after appearing the alarm message about the 
t r an spor t f unc t i on . 

Sometimes - first of all at. the higher level in the 
hierarchy - it may he easier to describe one? support with one 
support function, but later it would be more meaningful if this 
support function were divided into several more detailed parts. 
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The decomposition is allowed far this purpose £73. In this case 
there is no support type connection between the decomposed and 
detailed nodes. In other words,, the decomposition does not 
introduces a new level in the hierarchial structure. The 
diagnostic algorithm calculates the detailed nodes and on the 
base of the results forms the performance parameter vector of the 
decomposed node. This does not cause any changing in the logic of 
the diagnosis, but the decomposition may help the operator. 

2. The mimic concept 

The mimic type information presen t at ion met h od i s st r on g1y 
equipment related. This method was originally used as mapped 
alarm system. Having the possibilities of the color, graphic 
displays this simple solution has been developed into a set of 
hierarchically ordered symbolic pictures of the plant, where the 
source of the alarm signals is the deviation of the plant real 
behaviour from the planned bahviour performed by models. 

The hierarchical ordering means, the operator recevies first 
a very simplified scheme of the plant. Within this picture only 
the major subsystems are dishtinguished, and their color is 
related to an alarm signal derived from the alarm signals of the 
subsystems. These major subsystems are detailed on the next 
level. One independent picture belongs to each subsystem. The 
most important variables are also presented in these pictures. On 
this level the operator can get alarm information on the base of 
the presented variables or some global alarm can also be 
presented, changing the color of a sub-subsystem under the 
subsystem considered. This global alarm is also derived from the 
internal alarm signals of the sub-subsystems. This approach can 
be continued down to equipment level,, where the alarm signals 
directly shows the availability of the equipment, using different, 
colors. For this type of information presentation one screen is 
enough, and the pictures can be changed according to the operator-
requirements. Beside this zoommed space mapping of the plant a 
time dimension is also available, the trends of the variables-
presented can also be displayed in separate pictures. 

Beside the simbolic shape of the components or subsystems of 
the plant the most important, information is the color of a part 
of the picture. We distinguish two types of color settings 

-a presented measured variable can be in its normal range or 
out of it. In the first case the color is green, in the 
second is red. 
-an equipment or subsystem can work normally signed by green 
color, or can be in red colored alarm state, or out of work 
but available (ready for work) when its color can be blue 
and the fourth version is when it. is not available because 
of maintenance or other problem, signed with braun color. 

The color setting, alarm handling can aesily be followed on 
the figures 2.7. •-• 2.12. The figures give also the normal 
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sr Lie t u.re of a mi mi c picture. 

The diagnostic algorithm is very simple. Every alarm signal 
must be evaluated. The alarm signals are groupped according to 
the system-subsystem division and wi th i n the groups a si mp1e 0R 
relation forms the alarm signal of the given subsystem. The 
elementary alarm signals can be derived -from the? normal alarm 
limit checking or on the base o-f the comparison o-f the real and 
modelled variables. 

3. Multilevel -flow model o-f the TRIGA 

Inconnection with a nuclear plant, even i-f it. is only an 
inherently safe test reactor, the security questions are the most 
important. That is why the mfm examples and applications have got 
a safety function at the top level. It means, the main goal of 
the plant: to be safe. Let us examine the three basic questions 
of the mfm. The firsts WHY the function is carried out? To keep 
the core integrity and prevent the releasing of the radioactive 
materials to the environment. Second question; WHAT is going on? 
The nuclear operation appears as heat, production and radiating 
system, so a heat removing system is operated, the fuel elements 
have got cladding, the core is shielded, the cooling water acts 
as a moderator and around the reactor we have wall made of 
concrete. For the operator only the heat removing is a function 
which belongs to real processes, the other protective components 
sire passsive ones. They Bre not -operated' . The operator has got 
information about their problem only if the? radiactive materials 
were released. Excluding some very expensive and practically 
unusable solutions <e.g. every fuel element is equipped with 
acuustic emission sensors), the third questions HOW is it. 
accomplished?, can not easily be answered in this aspect. With 
respect to the heat, removing system the answer is: filling water 
into the pool, maintaining the primary and secondary circulation. 
So, describing the plant's main goal using source, barrier and 
sink functions representing the production, protective elements 
and the surroundings, we can confuse the operator a little?. It 
must. be stressed, in big NPPs where some process variables 
(pressure, temperature) directly show the availability of the 
protective. components (e.g. integrity of the reactor) the? HOW 
question can be answered, and the application of barrier 
functions is evident. 

Let us try another approach for our TRIGA., WHY the function 
is carried out? To have a proper flux level for irradiating some 
samples. WHAT is going on? A nuclear source is operated, it. means 
also heat production in parallel with the flux generation and 
this heat should be transferred to the environment. HOW is it. 
accomplished? The source is influenced by introducing external 
reactivity and is available at. al 1 if the passive protective 
system exists. The environment absorbs the heat produced. The 
heat removing system supports the transfer between the source and 
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the sink. The heat removing is done physically in three steps. In 
the first step the produced heat ■i,s;?;'transferred to the pool and 
stored there. In the second step it is removed from the pool to 
the secondary. In the third, from th esecondary to the 
environment. These three steps are strongly related to the three 
most important subsystems of the plant, and the equation set 
which can be used in modelling C8,93 has the same groupping. It 
means, decomposition of the main transport function into three? 
more deatiled complex flow function could give more information 
to the operator. The suggested top level node of the TRIGA plant, 
i s shown i n the fig. 3.1. 

Shifting down, the earlier WHAT question becomes WHY and the 
HOW turns WHAT. But now we have four functional nodes (see the 
four support functions in the fig 3.1.). The first WHY on the 
second level: to maintain the desired power level of the reactor. 
WHAT: reactivity is introduced or removed to/from the core. HOW: 
controlling the positions of the control rods. The control rods 
are the carriers of the external reactivity to be introduced. 
Depending on the degree of reactivity needed the direction and 
rate of this carrier mass flow is controlled (fig 3.2.). 

The second WHY on the second levels to transfer the heat 
produced in the core to the pool, where it can be? stored. The 
WHAT: the proper level of water should be maintained in the pool. 
HOW: controlling a make up pump. The heat storage capability of 
t h e p oo 1 is lim i ted. Th e storage f un c t i on is ava i 1 ab 1 e if t h e 
pool outlet temperature is under a certain limit (fig 3.3.). The 
third WHY: to transfer the heat stared from the pool to the 
secondary. WHAT is going on: a sufficiently low inlet temperature 
is produced to the pool, arid*'HOW :4'ma i ntai ni ng the circulation in 
the primary (fig 3.4.). In this node the energy transport is 
considered, which is carried out by controlled mass flows. In the 
fourth stage the WHY: to transfer the heat from the secondary to 
the environment. WHAT is going on: a sufficiently low temperature 
should be produced to the heatexchangers, and HOW is it 
accompIi shed: mai ntai n i ng the wanted ci rculat i on i n the 
secondary. The energy transport is considered in this node too, 
and the transport is carried out by controlled mass flows (fig 
■_•■ . -J . > . 

The next shifting in the? triple? questions refers two node. 
In the case 'of the first: WHY this function carried out? To 
maintain the proper water level in the pool. WHAT is going on? 
Accordingf to the needs there is a mass (water) flow from an 
external tank to the pool. HOW: using controlled make-up pumps. 
The second node is very similar,, but instead of the pool the 
gatherer part of the cooling towers are the destination. The 
water level should have a certain level in them and they are the 
sink of the incoming water flow (figs 3.6. and 3.7.). 

The figures described above have the general shape which was 
detailed in the- earlier prat, of this paper, only the ''diagnostic 
f i eld ' is mi ssing. 11 i s presented i n the f i g 3.8., because 
without real diagnostic information it should be the same in 
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Fig. 3.2. 
The node 2.1. of the TRIGA multilevel 
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UODE 2.3. performance param: 
pool inlet temp. 
TRPI 
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CONTROL STATUS: 
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The node 2 . 3 . of t h e TRIGA m u l t i l e v e l 

flow model 
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Fig. 3-6. 
The node 3.1. of the TRIGA multilevel 

flow model 
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Fig. 3.8. 
The structure of the TRIGA 
multilevel flow model 
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'4. TRIGA mimics 

The TRIGA plant has been divided into three subsystems. This 
dividing is very similar to the decomposition which was 
introduced in the multilevel -flow model's top level. Because the 
mimic presentation is strongly equipment oriented there are no 
comments on the technology being it well known for the 
participiants. The diagnostic algorithm was introduced in the 
chapter 2. The plant state vectors (which describe the the wanted 
state o-f the pumps, valves or other equipments) give the base o-f 
the alarm generation at the component level. At higher levels 
their OR compositions are the alarm sources. The -fig 4.1. shows 
the general structure o-f the mimic model and the detailed 
pictures are shown in the figs 4.2. - 4.14. 
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