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ABSTRACT 

Among the techniques available to engineers today, computerized simu

lation is taking on an ever-growing importance. The "SAF" simulator, 

designed by Framatome for the use of its own engineers, h s been in 

service since 1985. The SAF simulator provides continuous assistance 

to the engineer, from the preliminary design stage to the precise de

finition of operating procedures, including safety analysis and sizing 

computations. 

For the engineer of the year 2000, who will be used to dialog': ing with 

the computer from a very young age, the SAF represents a first step 

toward a comprehensive simulation tool. Interactive and thus "alive", 

the SAF combines both extensive programming and data processing capa

bilities. Its simulation domain can still be considerably extended. 

The SAF simulator is available for use by Framatome ' s engineers but 

tfx'̂ 7 ajy Kjii'ir cu*3*coiite'i.*s* and' this' ââtfêLjr èfùî.îîùi:.i.Lii?à. TL èiàûwlcj MOucli»^'' 

all of the nuclear units built by Framatome, in their entirety. High

ly modular and equipped with easy-to-use compilers, the SAF can be 

readily modified and reconfigured by the user, to enable testing new 

models or new systems, in the complex and detailed environment of the 

nuclear unit being .analyzed. 

Employing the advanced computer programs used in project design, the 

SAF simulator is a particularly high-performance tool for simulating 

and analyzing complex accident scenarios, including mul tiple equip

ment failures and possible operator errors, which may extend to com

plete draining of the reactor vessel and the release of radioactive 

fission products within the containment structure. 
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INTRODUCTION 

The "SAF" Functional Analysis Simulator was conceived and designed by 
Framatome as a multipurpose engineering simulator, capable of meeting 
all the special, real-time simulation needs of a pressurized water' 
reactor (PWR) nuclear power plant constructor. The SAF's simulation 
capabilities cover all of the plant systems, including the convention
al island (the nonnuclear part of the plant) and the electrical sys
tems. It can be easily reconfigured to model any of the French PWR 
plants. 

The scope of simulation possible with the SAF includes all normal and 
accidental situations. Operator interaction with the process is fa
cilitated by the use of an advanced control room mockup. As further 
explained below, the SAF must be considered to be a plant analyzer 
incorporating simulator technology (i.e., with real-time and interac
tive capabilities) and having original and very special basic features 
that result from innovations at both the hardware and software levels. 

For Framatome engineers, the SAF represents a new and more attractive 
way to carry out their engineering work and also an elegant and valu
able tool for demonstrating, both to safety authorities and to cus
tomers , the pertinence of Framatome's choices in the field of nuclear 
safety. 

CHARACTERISTICS OF THE CONTROL ROOM MOCKUP 

One of the main characteristics of the SAF hardware is its "user's 
console". As mentioned above, the SAF installation includes an ad
vanced, computerized control room mockup, of original design, which 
integrates technical innovations based on the most recent control room 
information-display technology and philosophy. 

In designing this control room mockup, care has been taken to remember 
that although the engineer has the occasion to operate "his" nuclear 
plant, using the simulator, like a real plant, he has neither the 
training of a plant operator not the same preoccupations. This is why 
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the main originality of the control room mockup resides in the many 
advanced data-processing and display equipment units it incorporates 
to lighten the user's workload, including: 

1) Function keyboards, 
2) Computerized alarm processing and display of alarm pages, 
3) Automated monitoring of operating procedures, 
4) Synthetized status displays to facilitate plant monitoring, and 
5) Numerous operator aids, with indication of parameter trends. 

Finally, many devices have been imagined to facilitate the practical 
use of this simulation tool by engineers not particularly involved in 
real-time simulation and plant operation in the course of their normal 
work. Consequently, only a single preparatory session lasting less 
than half a day is necessary before the user becomes fully independent 
on the SAF simulator installation. 

By virtue of its fully computerized control room mockup, the SAF can 
easily model any Framatome-designed nuclear power plant, with none of 
the restraints that would have resulted from using the exact copy of a 
conventional control room. Such a copy would have been expensive and, 
in fact, necessary only for operator training and ergonomercic stud
ies. Nevertheless, particular care has been paid to designing the 
user's console, so that all possible operator actions can be executed, 
with, in particular, actuator response times and precisions that are 
identical to those of real plants. 

To be able to meet different objectives and to ensure complete 
man/machine interactivity during operation or analysis, the SAF con
trol room mockup can be readily reconfigured at any time. For in
stance, the numerous dynamic representations of the fluid systems, 
instrumentation, and controls can be shown on any of the seven color 
CRTs, in the form of mimic diagrams, and any manual actuator can be 
dynamically assigned to any position on the control panels. 
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SOFTWARE 1ECHNICAL INNOVATIONS 

In the wake of the Three Mile Island-Dnit 2 (TMI-2) accident, it be

came apparent that an advanced simulation facility could be highly 

useful to Framatome for safety evaluation and safety research, to meet 

the need for a powerful tool to improve the analysis of the impact of 

operator actions following any postulated accident or incident occur

ring on any Framatotne plant unit. Consequently, and from the outset, 

the main objectives to be met by the SAF simulator were defined in the 

light of the lessons learned from the TMI-2 accident: 

1) To allow analysis of any precursor incidents (i.e., incidents 

whose consequences could be limited by the application of quick 

and effective operator actions, but which could endanger the 

plant if wrong or inadequate information is given to the oper

ators); and 

2) To allow the simulation of serious accidents, with major un-

covery of the fuel in the reactor core, as occurred at TMI-2, 

with large releases of radioactivity into the containment, up 

to the complete achievement of plant cooldown by the operator. 

This simulation had to be characterized by a high degree of 

reliability. 

To- attain these objectivées, numerous Ltfchuic-al ïauMatioas «erw i»adw 

in the software for the SAF simulator, as listed below. 

I) The SAF incorporates an original systems library, allowing the 

user to choose among several versions of a system. 

II) All plant and systems data are handled in the form of an inter

active data base. To be correct and effectively usable, all 

these data must frequently updated. Studies are in progress to 

allow connecting this data base to the different engineering 

data bases available. 



Ill) All the systems in a nuclear power plant are simulated in 
detail. 

IV) The models have been designed with a great deal of topological 
flexibility, so the user can simulate, without any software 
changes, all present or future Framatome-designed nuclear power 
plants. 

V) The SAF has the particular advantage of enabling complex acci
dent scenarios to be run with multiple failures, operator er
rors, or both at the same time. For instance, any equipment, 
anywhere in the systems, can be put in failure mode at any time 
(the number of malfunctions is therefore unlimited). This 
makes it possible to easily recreate incidents that have ac
tually occurred. 

VI) The SAF is able to assume any initial physical state conditions 
required, by using an original "independent parameters" method. 
Thus the initial state of the simulator, before a simulation, 
can be set up by the user to correspond to his exact problem. 

MODELS OF THE HIGHEST QUALITY 

Special att*?*»"** 7 i"»n hflS b*»on nAi.rt i-n thp rniâ î -y nf 1*ĥ  mn^^l R n«**»fi for 
accident simulai;ion and a particular erioxt hasr been Uesoted to the 
physical modeling. Some models, such as those of the reactor coolant 
system, the core, the steam generators, the containment, and the pri
mary and secondary radioactivity, are as sophisticated as the most 
recent computer programs used for design. This ensures the extreme 
accuracy and realistic simulation of accident situations. 

For these models, the level of qualification obtained is identical to 
that required for the design computer programs used for safety demon
stration. To obtain such a level of qualification, numerous compari
sons with real tests, test facility results (LOFT tests, for example), 
and Safety Analysis Report transients have been made. 



CURRENT AND PLANED APPLICATIONS 

The SAF simulator has already been frequently used by design and 
safety engineers to: 

1) Test the . soundness of the established emergency rules and 
procedures for operating the plant under incident and post-
accident conditions; 

2) Prepare new operator gvidelines, notably those for a symptoms-
based approach of post-accidental plant operation (this new 
approach is based upon analysis and understanding of physical 
parameters, data, and trends, and not upon predetermined se
quences of actions); 

3) Validate expert systems and computerized aids to plant oper
ation, such as diagnostic aids; and 

4) Test new versions of systems or design new control modes. 

But the flexibility of the SAF and its vast initial state possibil
ities open up a new field of applications for this new kind of simula
tion tool, such as high-level preparation of crisis teams by training 
~- the S?.F-, thrcMfh T~al i.***M c. raToaf ion. nf .msior inriflpntR.nr. acrj— 
de.nts. that. have, actually; occurred: on the world's' FwR nuclear powei1 

plants. 

This facility could also be used to provide powerful, long-term, 
"real-time" assistance in cases of well-identified plant accidents. 
For this purpose, the associated data bases must be kept up to date 
with the plants in question. Then when called upon for such assist
ance, the simulator's initial state must be set to correspond to the 
exact plant state, using, for instance the data printed on the control 
room recorders. Using the four times faster than real-time acceler
ated operating mode of the SAF, safety engineers can "catch up" to the 
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event, then recommend appropriate actions by anticipation (alternate 
means to cool the plant down can be tested on the SAF, for example, 
before making a decision). 

CONCLUSION 

As we have seen, thanks to the great potential for evolution of the 
SAF hardware and software, designed in from the beginning, this en
gineering simulator is not only capable of adapting to the evolution 
of Framatome products, but can also accept models of improved quality 
and extend both its field of simulation and its range of advanced ap
plications, particularly in the field of nuclear plant safety evalu
ation. 

The SAF is the first step toward the design of the engineer's ideal 
simulation tool of the year 2000, which will be at the disposal of all 
the engineers of a firm, located in different departments but working 
on the same project. In the face of the growing requirements for sim
ulation in the different phases of a large project, the existence of a 
single simulation tool, available to all, will enable: 

1) Sharing the same digital data, from a limited number of data 
hases; 

7) n^ing the- f;aro£- mod.e.ls... cr.eat.pd. uaing identical, programming 
standards, and having been put through the same qualification 
methodology; 

3) Making engineers aware, through interactive simulation, of the 
complexity of the full project and of their relative .positions 
within this complex whole; 

4) And, finally, making all those involved in the project more 
concerned by the final app]ication and its practical conse
quences . 
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