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ABSTRACT 

The Institute for Nuclear Safety and Protection (IPSN) of the French 
Atomic Energy Commission (CEA) has begun work on an expert system 
to aid in the diagnosis of fire hazards in nuclear installations. This 
system is called Vulcain N and is designed as a support tool for the 
analyses carried out by the IPSN. Vulcain N, whic^ is being developed 
by the Berlin company, is based on the Vulcain expert system already 
developed by Bertin tor its own needs and incorporates the specific rules 
and know-how of the IPSN experts. The development of Vulcain N 
began in October 1986 with the drawing up of the technical 
specifications, and should be completed by the end of 1988. Vulcain N 
brings together knowledge from a number of different domains: the 
locations of the combustible materials, the thermal characteristics of the 
combustible materials and of the walls of the room, the ventilation 
conditions and, finally, knowledge of fire experts concerning the 
development of fire. The latter covers four levels of expert knowledge: 
standards and their associated calculations, the simplified physics of the 
fire enabling more precise values to be obtained for the figures given by 
the standards, the rules and knowledge which enables a certain number 
of deductions to be made concerning the development of the fire, and a 
numerical simulation code which can be used to monitor the variation of 
certain characteristic parameters with time . For a given fire out-break 
scenario, Vulcain N performs diagnosis of different aspects: development 
of fire, effect of ventilation, emergency action possibilités, propagation 
hazards,etc. Owing to its flexibility, it can be used in the analysis of fire 
hazards to simulate a number of possible scenarios and to very rapidly 
deduce the essential, predominant factors. It will also be used to assist in 
drafting emergency procedures for application in facilities with nuclear 
hazards. 

1. INTRODUCTION 

The conventional method consisting of evaluating the maximum 
temperature reached and the duration of the fire in a room, on the basis 
of standards, for a given calorific potential is .extremely simple to apply. 
Nevertheless, in the analysis of fire hazards in nuclear installations, this 
approach is too crude and its results are extremely imprecise. Indeed, it 
is necessary to give consideration to other essential factors such as 
geometry, thermo-physicai properties of combustible materials and 
structures, and the nature of the ventilation system. It rapidly becomes 
extremely difficult for an expert to assess the importance of each 
parameter with regard to the fire hazard in a finite period of time. 
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The Institute for Nuclear Safety and Protection (IPSN) of the French 
Atomic Energy Commission (CEA) has begun work on an expert system 
to aid in the diagnosis of fire hazards in nuclear facilites. This system is 
called Vulcain N and is designed as a support tool for the analyses 
carried out by the IPSN. Vulcain N, which is being developed by the 
Bertin company, is based on the Vulcain expert system already 
developed by Bertin for its own needs and incorporates the specific rules 
and know-how of the IPSN experts. 

2. DESCRIPTION 

The Vulcain N expert system uses three categories of knowledge: 

(1) Geometric data, such as the dimensions of a room, the position 
of the combustible materials and possibly the places of a few 
ventilation fittings. These features must be supplied to the 
system for each case studied. 

(2) The thermo-physical properties of the combustible materials 
and components of the room. These data are supplied to the 
system as user requirements and knowledge evolve. 

(3) Knowledge relating to expert deductions in the following four 
fields: standards and associated calculations; the physics of 
fire; expert knowledge and rules; and the possible use of a 
numerical simulation code. This knowledge is built into the 
software, and cannot be modified by the user. 

3. OPERATION 

The Vulcain N expert system operates by a process of successive 
interrogation using an approach analogous to that which a fire expert 
would adopt when confronted with the same problem. The principal 
stages are as follows. 

3.1 Data entry 

This covers: 

(1) Geometry: dimensions of room, type of wall materials, etc., 

(2) Combustible material: type, position, mass, etc., 

(3) Ventilation: natural or mechanical ventilation system openings, 
position and characteristics, etc. 
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If the materials and the types of combustible materials involved are 
not already entered in the databases, it is also necessary to provide the 
system with all the thermo-physical characteristics required for 
calculation. 

3.2 Diagnosis 

This includes a number of functions, all or only some of which can 
be displayed: 

(1 ) Evaluation of the potential hazard on the basis of standards, 

(2) Development of fire in the totally isolated room, 

(3) Normal development of fire under the specified conditions, 

(4) Study of emergency action possibilities, 

(5) Study of the risk of general conflagration, 

(6) Study of propagation to target combustible materials, walls and 
other structures, after contingent entry of the corresponding 
data. 

3.3 Graphic simulation 

It is possible to simulate the development of a fire in time and space 
using the VESTA code, which belongs to the Bertin company and is 
integrated with Vulcain N. This can, for example, be used to determine 
the temperature change in the hot layer as a function of time. 

3.4 Databases 

There are two databases, one for combustible materials and one for 
wall materials. Vulcain N uses these databases to obtain the necessary 
thermo-physical characteristics for making the calculations. The user 
must therefore supply this information to the system beforehand. 

3.5 Saving and archiving 

Vulcain N can store simulated case data. It is thus possible to 
retrieve at any time a case studied earlier, provided it has been stored. 
Also, Vulcain N systematically saves the principal results of the last five 
simulations carried out during the current work session. Finally, to avoid 
the need for re-entering all the data, each time Vulcain N is used, the 
system retains by default the data of the last case simulated. This 
approach is very user friendly if the operator only changes a few 
parameters between successive simulations. 
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3.6 Printing 

It is possible to output on a printer the results of the current case; a 
list of the archived cases: the data of an archived case; and the 
combustible material and wall component database information. It is 
also possible to obtain graphic time and space plots on a graphic plotter 
by making screen dumps. 

3.7 Options 

To simplify the use of Vulcain N, a certain number of parameters are 
disregarded unless the corresponding options are selected. These 
options include the resistance of filters, electrical cables etc. 

3.8 Aid 

In developing the Vulcain N expert system, care is being taken to 
obtain a user friendly system which is easy to use and requires only 
minimal training. This being the case, it was decided to provide 
permanently available on-screen help corresponding to the user level. 
This help function provides additional information, both for the entry of 
data and for the utilization of results. 

4. OPERATING 

4.1 Hardware 

The following hardware is necessary for using Vulcain N: 

(1 ) A computer (at least 1.5 to 2 Mbyte of disk space and 1 to 
1.5 Mbyte of user memory is necessary), 

(2) A colour terminal for entering data and displaying results, 

(3) A printer for printing out results, 

(4) A colour plotter for making screen dumps of graphs. 

4.2 Languages 

The languages used in Vulcain N are: 

(1) PROLOG II for system management in general and knowledge 
and data handling in particular, 

(2) FORTRAN for calculations, 

(3) PASCAL for user-machine interfaces. 
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5. VALIDATION 

The validation of Vulcain N, which is now in progress, is being 
carried out by comparing the results obtained using Vulcain N with: 

(1) The results obtained experimentally in fire tests carried out by 
CEA itself, or described in sufficient detail in scientific 
publications, 

(2) The results obtained with CEA fire calculation codes such as 
FLAMME. 

Another analysis consists of systematically comparing the first 
Vulcain N results with diagnoses given by other CEA/IPSN fire experts. 
Figure 1 shows one such simulation case. 

The test carried out by the CEA relates to the development of a fire 
of 10 kg of oil spread over 1 m2 in a ventilated room of 9 x 6 x 7.6 m. This 
graph shows: 

(a) The experimental readings for hot layer temperature at ceiling 
level and at the ventilation opening, 

(b) The Vulcain N diagnoses, 

(c) The results of numerical simulation (VESTA), 

(d) Values taken from International Organization for 
Standardization and Netherlands' Centre for Fire Safety (TNO) 
Standards. 

It should be noted that Vulcain N gives a diagnosis which is 
extremely consistent with the test results: an average temperature of 
200°C for a fire duration of 400 seconds. The use of standards results in 
overestimation of the temperature (ISO) or underestimation of the 
duration of the fire. The temperature variation, on the basis of the 
numerical simulation (VESTA), is in close agreement with the 
temperature recorded during the experiment. 

6. SYSTEM DEVELOPMENT 

PROLOG II was chosen as the basic language in order to make it 
possible to develop the system as knowledge concerning fire develops. 
This upgrading will be possible at different levels: at the software level, 
by integrating new expert rules; and at the Vulcain N user level, as 
concerns the combustible material and wall component databases. 
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7. CONCLUSIONS 

Owing to its flexibility, the Vulcain N expert system makes it possible 
to envisage the simulation of a number of different scenarios and to 
rapidly deduce the essential, predominant factors. However, it is not an 
emergency action aid tool operating in real time. Within the CEA, IPSN 
will be ..sing this system to provide assistance not only in the evaluation 
of fire hazards as part of its analyses, but also in drafting emergency 
procedures for fire in facilities where there is a nuclear hazard. 
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LEGENDES page 9 

1. Hot layer temperature (°C) 

2. Vulcain N 

3. Ceiling 

4. Ventilation outlet 

5. Tests 

6. Tests 

7. Time (seconds) 

8. 

Figure 1 - Oil fire with forced ventilation (CEA) 
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