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1. Objectives

SIPA (Simulator for Post-Accident conditions) which is now under development will
be operated by EDF and CEA. Each organization will have its own version, SIFA 1
for EDF and SIPA 2 for CEA.

The three main purposes will meet the needs of EDF and CEA as described below :

- training of the EDF1s ISR (Ingénieurs de Sûreté et Radioprotection =
Shift Safety Advisors) which needs physical relevance, real time
during accidental transients and visualisation of two-phase flow
phenomena to well understand what could physically happen,

- studies for EDF's designs which require calculation of a lot of
points or scenarios, Quality Assurance of the models and data
package, interactivity for procedure finalisation, availability of
resources to all engineers, and possibility of creation of new
models,

- safety analysis requirements for CEA/IPSN (technical support of the
French safety authority, the Central Service for the Safety of
Nuclear Installations) which includes the actual safety analysis
(analysis of procedures, design basis accidents, probabilistic safety
analysis, real incidents studies, reactor tests ... ), the preparation
and the execution of safety drills and training of engineer analysts.

2. Description of the plant simulator

2.1. The software workshop : AGLAE

The SIPA simulator will be more than the representation of only one plant, it
will be a calculating system provided to model "à la carte" a PWR, a test loop or
only a part of an installation. This is achieved through the use of a software
workshop, called AGLAE (in French : Atelier de Génie Logiciel Adapté aux
Etudes).

The main objectives of the software workshop in order to involve the flexibility
of the SIPA tool are the modularity, the ability of extension of the models and
the portability.

The modularity allows the replacement of any part of a model to put a more or
less sophisticated description of a system or another, slightly different during
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a parametric study. The modularity leads naturally to the extension of the possi-
bilities of the simulator. This extension will be of three kinds : models, codes .
allowing the generation of other models and data-packages.

Large codes allow the generation of new system modelling. That is the case of
LEGO, a very modular circuit description code and especially CATHARE 2, the
newest version of the French advanced thermal-hydraulic code.

For the description of other reactors than those planned for the first step, it
will be possible to introduce new data-packages if the topology is sufficiently
close or to adapt the description by the mean of new modules or new codes as
aforesaid.

In order to establish the possibility of including new models or codes without
any adaptation, it has been necessary to write "SIPA - standards". They concern
the languages used (FORTRAN, C, ADA ...) the variables characteristics, the iden-
tification (particularly names of routines, COMMON ... ), the connections between
modules or between software and man-machine interface system.

Another aim of the SIPA software including the organization of the whole tool is
the portability on any kind of computing machines. To achieve this objective the
languages will be used in their most standard version as mentioned above. The
standard tools (data bank, CAD, graphic software, etc.) have been chosen under
those used on most of the available workstations, the operating system is UNIX
and the different parts communicate with a standard protocol (TCP/IP).

All these conditions must be used in order to favour the development of the SIPA
system according to the future needs of training, studies and safety analysis and
the implementation of the software on most of the present and future hardware
taking into account the replacement of the material or the development of a SIPA
version for another customer than EDF or CEA.

The task of the AGLAE workshop is to allow the engineer to constitute its own
representation of the plant. First of all he chooses the elementary elements
which are linked together by the connection points. He has then to complete with
the characteristics and the initial values of the variables in order to get the
steady state conditions. The data are stored in a data-bank. Then he establishes
the man-machine interface connections in order to allow generating operator
actions and failures, getting and displaying the results.

Most of the models will be developed using "automatic code generators". This
point concerns the single phase thermal-hydraulic calculations (HYTHERNET genera-
tor) and the control models (CONTRONET generator). HYTHERNET and CONTRONET are
extensions of similar generators developped by THOMSON-CSF, with the topology and
data capture on a graphic workstation under EDF "PHENIX" CAD software.

2.2. Modelling of the reactor

SIPA is based on the advanced code CATHARE-SIMU which is a version of the advan-
ced thermal-hydraulic computer code CATHARE developed by EDF and CEA, adapted to
real-time calculations and simulators uses and with the same physical relevance.

CATHARE-SIMU has been validated referring to CATHARE which has been supported by
a large experimental program including results of the test loops like LOBI, LOFT,
ROSA 4, PKL and more recently BETHSY. Dozens of validating transient calculations
have been performed in order to test not only the physical relevance of the
modelling, but also the reliability of the computation on the simulator.
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The reactor coolant system and the secondary system until the isolating valves
will be described by CATHAEE-SIMU.

SIPA includes also about 35 systems, particularly :

- the systems related to the primary circuit, as chemical and volume
control, residual heat removal, reactor boron and water make-up, rod
control, steam generator blowdown systems, ...

- the safeguard systems as safety injection, containment spray and
emergency systems, ...

- the component cooling system as boundary condition,

- the secondary circuit with normal and emergency feedwater, turbine
by-pass systems and a simplified model of the turbine,

- the instrumentation and the control needed for the application of the
procedures,

- the protection system,

- a simplified representation of the power distribution (6,6 kV and
380 V) in order to simulate loss of power, emergency powering ...

In a first step, SIPA will have the description and the data of the EDF PWR
series CPl (900 MWe, 3 loops) and P4 (1300 MWe, 4 loops) reactors.

2.3. Physical domain

The physical domain of SIPA goes from the normal conditions (cold and hot shut-
down, power operation) to the accidental conditions.

For the primary circuit, the possibilities of representation are those
of CATHARE-SIMU, i.e. thermal hydraulic calculations with 6 equations model,
homogeneous stratified and counter-current two-phase flow. The domain contains
particularly the breaks up to 12 inches in every point of the primary circuit,
steam generator tube rupture up to 120, secondary système ruptures, combinations
of all these breaks, anticipated transients with or without trip ...

2.4. Man-machine interface

One important improvement with respect to the existing tools, particularly batch
computer codes, will be the interactivity and the userfriendliness.

The engineer will be able to introduce an action at every moment of the calcula-
tion, that is the failure of an element or the action of an operator. He will
also be able to stop the transient, restart the calculation at time of stop or
from another step earlier in the transient and modify the scenario.

The nan-machine interface will be constituted with workstations, having the pos-
sibility to get schematic drawings, curves, texts (alarms) and to intervene
directly on the elements of a drawing.

i

For j-.raining, the visualization of the thermal-hydraulic behaviour, particularly
two-;'hase flow, is displayed by a "pedagogic system" in real time. It represents
a sc-vematic drawing of the primary circuit including its elements (core, vessel,
pipe-,, pumps, pressurizer, steam generators, etc). The values of the parameters
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are refreshed every second but the pictures like a cartoon, are refreshed faster
than each 0,1 second. They represent in every element of the circuit the status •
of the flow. For the two-phase flow it includes the homogeneous flow using
bubbles growing with the void fraction and moving function of the flow rate, the
co and counter-current stratified two-phase flow, the rise of steam bubbles in
vessel and secondary side of steam generators, etc. The level of temperature of
the fuel is represented by colors from light red for cold conditions to dark red
for the hottest. A global picture displays the boron concentration. The "peda-
gogic system" is designed in order to illustrate in the most meaningful manner
the thermal hydraulic phenomena inside the reactor.

2.5. Computing network

The computing power will be supplied by a remote CRAY Super-Computer. On site of
plant simulator, the network will be constituted of (the network is represented
on the figure below) :

- the "training network" which gathers all the hardware needed for a
full simulation for all the purposes. It contains :

. the "principal operating desk" made up of four workstations SUN -
SPARC 4-60 GX,

. the "pedagogic system" with two workstations SUN SPARC 4-60 GX,

. the "data acquisition safety system" linked by a conventionnal part
interface. It is a replica of some systems existing in the plants :
the safety panel and plant unit status logging system.

- the "engineering network" constituted with the "engineering server"
and some independent work stations which, as in the "training
network", can be used to prepare a simulation, to make some calcula-
tions but with only one display, to submit batches and to post-
process their results.

A link of SIPA to the National Crisis Center is also planned and in the future
Remote Operating Stations on the nuclear plant sites are envisaged.

2.6. Development of the plant simulator

In the status of the realization of SIPA, one can distinguish the CATHARE-SIMU
code previously developed by an EDF and CEA/IPSN team with the participation of
THOMSON-CSF engineers, the first step under development and the second step whose
content has been defined and realization started a few months ago.

THOMSON-CSF and SEMA-GROUP have been chosen for the development of the first step
and the hardware.

Two versions of the SIPA plant simulator are planned :

- SIPA 1 for EDF to be installed near Lyon and running on a CRAY Super
Computer of the computing center of EDF near Paris,

- SIPA 2 including the same elements as SIPA 1, except some devices
dedicated to SSA training and automatic code generators, decided in
accordance with the Central Service for the Safety of Nuclear Instal-
lations, for CEA/IPSN to be installed in the Nuclear Center of
Fontenay-aux-Roses and running on a CRAY in Saclay both near Paris.
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Coramissionings are planned for the middle of 1991.

3. Conclusion

SIFA will be more than one simulator. It will be a computing system able to
generate simulators adapted to any facilities (different type of PWR or other
plant or test loops).

In addition to the advantages such as interactivity and results display of a
sijiiulator in comparison with other tools for the studies, it profits by a
validate advanced thermal hydraulic code.

Its modularity and flexibility will allow it to be developed later. The software
and data-packages of reactors and loops described will be adapted to the future
needs of studies, safety analysis and training.

Its portability will make easier its implementation on other computers in the
future for SIPA 1 and SIPA 2 or for other customers than EDF and CEA/IPSN.
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