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1. INTRODUCTION 

The Institue for Nuclear Safety and Protection (IPSN) is in charge of 
research in phenomenology of severe accidents which are not taken into 
account in the design basis but which could occur on the different 
types of reactor operated in France. Related potential applications 
are varied and include: 

assessment of radioactive release as to nature, quantity and 
kinetics, in order to validate the population evacuation plans, 
analysis of the efficiency of the procedures and corrective 
actions envisaged by the operating utilities to minimize the 
consequences of severe accidents, 
general risk surveys for the PRA programs. 

In order to carry out this task effectively, the IPSN has developed a 
set of computer programs to model on the one hand, the physics of 
fission product transfers (release from damaged fuel, vapour and 
aerosol behaviour, transport outside the reactor containment), and on 
the other hand, the core, primary system and containment thermal 
hydraulics (including the incidence of safeguard systems, ultimate 
emergency procedures and corium-concrete interaction) determining 
fission product transfer kinetics. The system is completed by 
provision for modelling fission product atmosphere, aquatic and 
hydrological transfers outside the containment. This computer 
program, known as ESCADRE, is presented hereafter. 

2. PRESENTATION OF THE ESCADRE SYSTEM 

A set of realistic computer codes /l/, /2/, /3/ has been under 
development in France since the beginning of the 1980's. A flow 
diagram of the program known as ESCADRE (LWR accident analysis 
computer code system) will be found in Figure 1, showing the fission 
product transfer codes against a hachured background. 

2.1. The Thermal hydraulic Codes 

Three main codes are used to compute the thermal-hydraulics 
conditioning fission product transfer physics: 

the VULCAIN code, covering core dewatering and degradation, the 
thermal hydraulic behaviour of the primary system, together with 
fission product release from the fuel /4/. This is the only code 
which deals simultaneously with the thermal-hydraulics and fission 
product behaviour, 
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the JERICHO code covers the containment thermal-hydraulics and 
computes gas pressure ?nd temperature evolution in the containment 
/5/, 
the German code WECHSL, placed at our disposal the framework of 
the CEA/BMFT cooperation agreement, deals with ,h>- corium-concrete 
interaction and computes Lasemat erosion and gas '.owrates /6/. 

The code system is so organized that the results of CATHARE 111 (or 
RELAP4 Mod6 /8/ or TRAC PF1 ModO /9/ depending on the type of scenario 
considered), modelling the primary system 2-phase flow 
thermal-hydraulics during depressurization of the primary system and 
core reflooding, will be the input for the VULCAIN and JERICHO 
computer codes. 

2.1.1. The VULCAIN code - version 3.4. 

2.1.1.1. Objectives 

The purpose of the VULCAIN code is to assess during core uncovering: 
the thermal behaviour of the core, 
the fission product and control rod material release kinetics, 
the primary system thermal hydraulic conditions and notably the 
gas and wall temperatures and gas flowrates (required to calculate 
vapour and aerosol retention in the primary system), together with 
the mass and enthalpic flowrates of the various gases released 
from the pipe break. 

2.1.1.2. Pni^a^_5vstem_and_core_nodal i zation 

In the VULCAIN code, the primary system is represented by two loops, 
one comprising a break and the other intact, simulating the two 
undamaged loops. Each of the two model loops is divided into a series 
of seven or eight volumes, with the hot legs connected to an upper 
plenum volume and the cold legs to a downcomer volume. A succession of 
10 volumes is used to model the pressurizer relief line, from the 
pressurizer surge line to the relief tank (Figure 2). 

The core is modelled in cylindrical geometry, comprising a concrete 
ring radial mesh and a compartmented axial mesh. A 2-D discretization 
is used to account for the uneven core degradation resulting from 
residual power distribution patterns and from the heat transfer, 
involving steam which becomes more and more overheated as it rises 
inside the fuel assemblies. 

The lower plenum volume contains three structures where heat is 
transferred to the surrounding fluid by convection. In the axial mesh 
of the core barrel and the reactor vessel, heat exchange is considered 
to be convective with the fluid in the flooded part and, in addition, 
radiative with the core in the uncovered part. The upper plenum 
volume is represented by four structures, where heat exchange is by 
radiation between the structures and by convection with the 
surrounding fluid. 

2.1.1.3. P^sical_Mgdel 

The main phenomena modelled in the VULCAIN code are as follows: 
core and primary system mass and heat transfers, including: 
. radiative exchanges within the core lattice, 
. radiative exchanges between clad and steam, 
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. radiative exchanges between fuel , core barrel and reactor 
vessel, 

. radial and axial thermal conduction in the reactor vessel and 
the core barrel, 

. gas flowrate patterns in the uncovered part of the core, 

. steam condensation in the steam generators and recovery of the 
condensed water into the lower plenum volume, 

. acculumator discharge, 
steam oxidation of zircaloy clads (exothermic reaction with 
hydrogen generation), 
steam-water mixture swelling in the core, 
interaction between the uranium oxide and the zircaloy clad, 
clad strain and failure, 
thermal and mechanical behaviour of the Ag/In/Cd control rods, 
release of fission products and material from the control rods. 

Fission product release rates versus temperature were modelled in 
VULCAIN, using the semi-empirical laws presented in the NUREG-0772 
report /10/ and included in the American computer code CURSOR /ll/. 
These laws are derived from a synthesis of all experimental results so 
far available. 

Radioactive products have been classified in 18 families according to 
the following criteria: mass, physico-chemical behaviour (volatility, 
interaction with the clad, and so on) and radiological consequences. 

In the present version of VULCAIN, results obtained are no longer 
valid until a significant portion of the core has lost its initial 
geometry. 

2.1.2. The WECHSL Code - (version WEX 001) 

2.1.2.1. Objectives 

The WECHSL code was developed to analyze interaction between corium 
(mixture of fuel and structural materials) and the concrete in the 
reactor pit in order to determine: 

the axial and radial erosion rates, 
the shape of the cavity formed in the basemat when such 
interaction occurs, 
the mass and enthalpic flowrates of the various gases released in 
the containment, 
the heat radiation from the surface of the corium to the reactor 
pit walls and the vessel. 

Model 

WECHSL takes the following main phenomena into account (figure 3): 
the heat source due to fission products mainly localized in the 
oxide phase, 
the heat source due to metal oxidation in the corium. Steam and 
carbon dioxide gas are produced during the concrete decomposition. 
The zirconium, chronium and iron of the corium metal phase are 
successively oxidized by steam and ccrbon dioxide, resulting in 
the formation of hydrogen and carbon monoxide. The zirconium and 
chromium oxidation reactions are extremely exothermic, 
heat transfers from the cor'um to the concrete, either through a 
stable gas film or through a partially unbalanced gas film, 
allowing for direct corium-concrete contact, 
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heat transfers by radiation from the corium surface to the 
containment atmosphere. If the corium is flooded, the heat is 
transferred directly to the layer of water, which vaporizes, 
heat transfers by convection between the corium metal and oxide 
phases (in a liquid medium through which pass gas bubbles), 
heat transfers by conduction in the crusts formed at interfaces, 
these crusts being gas-permeable, 
meltdown of the concrete. 

The heat transmitted by the corium to the concrete causes it to heat 
and melt; the heat conduction behind the meltdown contour is not 
modelled in the "short term" phase. The concrete meltdown produces, 
on the one hand, oxides (calcium and silicon oxides, etc.) which will 
blend with the corium oxide phase and reduce its density, and on the 
other hand, gases (steam and carbon dioxide gas) which pass through 
the corium, thereby considerably agitating each of the oxide and metal 
phases. In WECHSL, it is consequently postulated that all liquid 
corium layers (oxide phase and metal phase) are practically 
isothermal. 

In the WECHSL code, the corium is separated into two phases, metal and 
oxide, right at the start of the interaction, with the metal phase 
always under the oxide phase. In actual fact, at the beginning of the 
interaction, the corium is a more or less homogeneous mixture. 
However, very quickly (after a few minutes) light oxides from the 
eroded concrete cause statification in the corium and the lightened 
oxide phase then floats cr. the surface of the metal phase. 

2.1.3. The JERICHO Code 

The purpose of the JERICHO code is to analyze the evolution of thermal 
hydraulic conditions in the containment over a period of several days 
in the event of a severe accident. 

These conditions are assessed by dividing the available energy between 
the containment atmosphere, the sump water and the structures. The 
containment is divided in two parts: a multicompartment volume 
describing the gas atmosphere and a sump water volume. These 
compartments are assumed to be homogeneous, pressure- but not 
temperature-balanced. The containment atmosphere can consist of 
oxygen, nitrogen, steam, hydrogen, carbon dioxide and carbon monoxide. 
The main physical phenomena taken into account are described hereafter 
(figure 4). 

2.1.3.1. Mass_and_Ener;2^_Sources 

a) The energy and mass flowrates of gases !L0, f-L, C0« and CO, 
entering the containment at different stages in tf\e accident are 
assessed by means of the following codes: 

- CATHARE code (or RELAP4 Mod6 or TRAC-PF1 ModO) for the primary 
system depressurization stage, 
VULCAIN code for the core overheating and meltdown stages, 
ECROUL module for the stage corresponding to vaporization of the 
water in the lower plenum, 
WECHSL code for the corium-concrete interaction stage. 

b) The decay heat from fission products released into the 
containment. 
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In the JERICHO code, the fission products are divided into two 
categories: gaseous and particulate. The gaseous category contains 
only ncble gases. The particulate category (covering all the other 
fission products in aerosol form) is initially released in the gaseous 
phase, then gradually transferred into the containment sump water. 
Localization of the corresponding heat take:, into account outleakage 
rates and deposition rates, as previously calculated with the AEROSOLS 
code (if necessary, a second JERICHO calculation could be made, using 
the AEROSOLS results obtained with data derived from the first JERICHO 
calculation). 100% of the beta radiation decay heat is released into 
the containment atmosphere, whilst the gamma radiation decay heat is 
distributed as follows: 10% in the containment atmosphere and 90% in 
the walls. 

c) The energy radiating from the corium surface during the 
corium-concrete interaction. 

d) The energy resulting from possible combustion of hydrogen and 
carbon monoxide (see 2.1.3.3.). 

2.1.3.2. Main Mass and Heat Transfers 

a) Transfers between atmosphere and structures. 
Mass and heat exchanges between the atmosphere and the structures take 
place by convection and condensation, if the structure temperature is 
below saturation temperature. The exchange coefficient adopted in the 
JERICHO code for each structure is derived from the TAGAMI-UCHIDA 
formulation. In the JERICHO code, the condensation film is not 
modelled as a separate system; the condensed steam is assumed to reach 
the sump water instantly at the surface temperature of the structure 
considered. 
b) Transfers between atmosphere and sump water. 

At the surface of the sump water, heat exchanges take place by 
convection, by condensation if the water temperature is below 
saturation temperature or by evaporation if this is not the case. The 
incidence cf mass steam condensation in the gaseous phase and sump 
water bulk boiling is also included. 

c) Thermal conduction in the walls. 

Conduction in the containment walls and reactor internals is analyzed 
using a 1-D geometry. The numerical solution is obtained by means of 
series expansions, using coefficients calculated at each time step. 
Each structure comprises only one material. The outside atmosphere 
and the ground are assumed to be constant temperature heat sinks. 

2.1.3.3. Other_Mass_and_Heat_Transfers 

a) Containment spray. 

In the 900 MWe PWR's, the containment spray system operates either by 
direct injection from the PTR tank, (reactor cavity and spent fuelpit 
cooling and treatment system) in conjunction with the safety injection 
system, or by recirculation of sump water. 
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In the latter case, the water is routed through a heat exchanger to 
remove the residual power. The JERICHO code calculates the energy 
transfer which takes place in the heat exchanger and the spray system 
inlet temperature. 

b) Safety injection with recirculation. 

This system is modelled as a pump drawing-off the sump water with an 
operating limit temperature. The water is circulated through the core 
then injected into the containment through the break in the primary 
piping. 

c) Leakage, escape and venting. 

The JERICHO code can be used to model a containment venting system. 
The gases are assumed to be pressure-relieved with isenthalpic 
blowdown and the flowrate is derived from the SAINT-VENANT equation. 
Containment leaks (natural escape, containment isolation faults or 
filtered venting) are also modelled. 

d) Hydrogen and carbon monoxide combustion. 

Hydrogen and carbon monoxide combustion is possible when the density 
of these components exceeds a given concentration. In short, "the 
flammability limit is determined by means of a ternary diagram, shown 
in figure 7: H„ + CO, HJ3 + CCL, air (modified SHAPIRO diagram /12/). 
The hydrogen and carboninonoxiae are assumed to be evenly distributed 
throughout the containment. 

Hydrogen and carbon monoxide combustion is modelled in two ways: 

a) Continuous combustion as soon as the flammability limit is 
reached. 

b) Storage and instant combustion (deflagration) at a time 
specified in the input data. 

It is also possible to calculate, for a given instant, the pressure 
reached in the event of combustion of all the hydrogen and of the CO 
accummulated at the instant considered. This is a means of 
determining the bounding case pressure and temperature curves in the 
event of combustion. 

2.1.4. Other Computation Modules 

2.1.4.1. EÇROUL_mgdule 

Cjmputation of the accident phase comprising core collapse, vessel 
melt-through (formation of corium, vessel dryout, meltdown and corium 
overheat) is based on overall estimations using ratios between 
available power (residual power and remaining zircaloy oxidation 
potential) and dissipated power (structure meltdown, heat losses and 
vaporization of the water at the bottom of the vessel. 

2 .1 .4 .2 . RIÇOÇHET_niodule 

The RICOCHET module is used to process JERICHO results for the 
preparation of input data for the fission product transfer codes 
(AEROSOLS, IODE). 
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2.2. THE FISSION PRODUCT TRANSFER CODES 

2.2.1. The Core Inventory codes PEPIN/FESSOU/INVCO 

2.2.1.1. PEPIN 

The PFPTN m d e uses analytical integration of the BATEMANN equations 
to calculate fission product evolution during the irradiation and 
decay periods. 

This code solves a system of differential equations (covering the 
direct formation of fission products together with their production 
and disappearance by radioactive decay and neutron capture) relating 
the concentrations of 699 nuclides, using the fission yields derived 
from the neutron flux and cross section data computed by APPOLO/13. 

The PEPIN code calculates the evolution of decay heat due to beta and 
gamma radiation from the fission products, together with the mass, 
activity and power data pertaining to each isotope. 

2.2.1.2. FESSO'J 

The FESSOU code solves the fuel evolution equations for the actinides 
(accounting for neutron capture and radioactive decay) for different 
decay time and calculates the concentration, mass and power data for 
each actinide. 

2.2.1.3. INVCO 

The INVCO code is used to reprocess the PEPIN/FESSOU data for severe 
accident surveys, especially to provide VULCAIN input data. 

2.2.2. THE VULCAIN FISSION PRODUCT RELEASE CODE 

This code, based mainly on the relationship between fission product 
release and the thermal state of the core has been previously 
described in section 2.1.1. 

2.2.3. THE AER0SOLS/B2 CODE 

This code calculates the behaviour of soluble or insoluble aerosols 
produced by core meltdown, both in the primary system and in the 
containment (whether partitioned or not) of a PWR/14/ (figure 5). 

2.2.3.1. Description 

AER0S0LS/B2 models the following phenomena: 
the aerosol source and its evolution: the source may comprise 
several aerosol components, differing by their physico-chemical 
composition, density, particle size distribution and release 
kinetics, 
aerosol agglomerations: 
. due to differential settling, 
. due to turbulent energy, 
. due to Brownian diffusion. 
steam condensation on soluble or insoluble aerosols, 
aerosol deposition: 
. by settling (on the ground and in horizontal piping), 
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. by diffusiophoresis, 

. by thermophoresis, 

. by Brownian d i f fus ion, 

. by turbulent impaction, 

. by turbulent d i f fus ion, 

. by centrifugal impaction ( in piping bends). 
inter-volume exchanges (•for c i rcu i ts) and outleakage. 

2.2.3.2. Methods adopted 

In the AER0S0LS/B2 code, the aerosol spectrum is represented by a 
certain number of classes (a maximum of 100), using the linear finite 
element method. A non-linear system of first order differential 
equations is obtained by approximating for each node the 
integral-differential equation, governing aerosol behaviour. 

Should the source comprise several different components, the code 
calculates, for each particle size category, the distribution of the 
suspended mass in each component at any time. 

As regards steam condensation on aerosols, AER0S0LS/B2 uses the MASON 
formula, which takes soluble aerosol hygroscopicity into account. The 
droplet growth is represented as a spectrum variation enabling aerosol 
behaviour to be calculated with a time step of the same order of 
magnitude as that required for the other phenomena. This involves 
determining the proportion of water in each category. 

2.3.3.3. Results 

The main results obtained with AER0S0LS/B2 are as follows (versus 
time): 

mass and size analysis of particles in suspension (spectrum, 
median ray and standard deviation of mass and number 
distributions), 
mass of aerosols removed from the containment or system, 
mass of aerosols deposited as sediment on the containment floor 
and in horizontal piping, 
mass of aerosols deposited on containment walls and in 
horizontal/vertical piping, 
mass of condensed steam on the aerosols. 

2.2.4. OTHER COMPUTATION CODES 

2.2.4.1. I0DE_Code 

The IODE code is used to calculate gaseous iodine discharge kinetics 
under severe accident conditions. The containment is modelled as a 
volume, containing a source and governed by elimination laws. The 
source is modelled as a mass flow in the atmosphere, simulating a 
source located at the break in the main reactor coolant piping or 
radiolysis of the Csl in suspension and in mass flow in the sump 
water, increased by sediment or entrained deposits. 

The source emission M t e to the atmosphere is derived from the 
chemical reactions of iodine in solution and the partition coefficient 
between the iodine concentration in the liquid and that in the gas, 
the latter depending on the ;;H of the water. 
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The elimination phenomena so far modelled are as fol lows: 
direct iodine transfer from the atmosphere to the sump water, 
(transfer via the f i lm of condensed water onto the wall is 
disregarded), 
iodine transfer via steam condensation to the walls and to the 
sump water by entrainment, 
iodine outleakage from the containment atmosphere. 

2.2.4.2. Vapour deposition code SOPHIE 

A code for the calculation of f ission product vapour deposition onto 
the walls of the reactor coolant system, based on adsorption laws, is 
in preparation. In the meantime, a l l f iss ion product vapours are 
assumed to condense into aerosols inside the primary system, where the 
only retention phenomena w i l l concern aerosols. 

2.2.4.3. Ca^ulation of radiological consequences 

The ESCADRE system is used in conjunction with a certain number of 
codes calculating the radiological consequences of severe accidents. 
ANTARES calculates the dose rates in and around the containment. 
SIROCCO performs off-site dose rate calculations and integrated doses 
due to plume and atmospheric deposition. METIS calculates fission 
product migration in the water table. ELIXIR calculates activity 
concentration in river water following fission product releases to the 
atmosphere. 

3. CALCULATION OF AN ACCIDENT SEQUENCE 

The ESCADRE system has been used to calculate the sequences of an 
accident at an EDF-designed 900 MWe PWR. 

The accident sequence is initiated by a large break (double-ended 
guillotine failure of the cold leg) followed by failure of the 
containment spray system, operating by sump water recirculation, 
ultimately leading to failure of the safety injection system. This 
accident sequence, identified as AF in the WASH-1400 terminology, was 
selected from the cases studied in the PRA level 1 surveys 
(Investigation of the probability of occurrence of accident sequences 
leading to core meltdown), mainly because in this sequence, fission 
products are released at an instant when containment pressure is high 
(in the vicinity of the design basis pressure), which means that the 
time interval separating the initiation of fission product release 
from the instant when the containment venting valve is opened is 
extremely short. 

rhegprobability of occurrence of such a sequence is assessed at about 
10" per reactor per year,_.tne probability associated with the 
initiating event being 2.5.10" . 

The time sequence of the accident is as follows: 
0s Beginning of the accident (large break in cold leg) 

Scram signal 
1.5s Scram (rods fully inserted) 
9s startup of high head safety injection HPIS 
10s (Accumulator discharge 

(Normal feedwater supply tripped 
15s Startup of low head safety injection LPIS, primary 

pressure = 1 MPa 
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'H r.f nrinarv f.wfp"! Hr J JJ SI â 1 m nn 
60s Startup cf auxiliary feedwater systsm 
82s Startup of containment spraying 
675s In-vessel water level at top of fuel assemblies 
47 min (End of drainage of PTR tank to injection and spray 

systems 
(Failure of containment spray in recirculation mode 

25h 15mn (Heating of sump water to 130°C, resulting in loss of 
safety 
(injection by recirculation. Water at level of hot legs 
(h = 4.73 m) 

25h 35mn Beginning of core dewatering 
26h 30mn Clad failure on central assemblies 
26h 45mn (Beginning of steam oxidation of zircaloy clads 

(Bursting of centrally positioned control rods 
(Beginning of fission product release from the fuel 

29h 15mn End of core dewatering with destruction of the initial 
geometry of a large part of the core 

32h 15mn (Vessel melt-through 
(Beginning of corium-concrete interaction 

34h 30mn Complete solidification of the corium -netal phase 
36h Implementation of procedure U5, 
6 days Perforation of the concrete basemat by the corium. 

The primary system depressurization, caused by the large break in a 
main reactor coolant pipe, trips reactor scram and HPIS startup. 

When primary containment pressure reaches 4.2 MPa, the accumulators 
discharge completely; the LPIS pumps come into play when the primary 
pressure reaches 1 MPa. At t = 11 minutes, the water in the vessel is 
level with the tops of the fuel assemblies, so that the core is 
entirely reflooded. 

Containment spraying begins about 80 seconds after the beginning of 
the accident. 

When the PTR tank is empty (at t = 47 minutes), the sump water is 
reinjected into the primary system via the RIS (safety injection 
system). Failure of the system switching containment spray to 
recirculation mode is postulated, resulting in inability to benefit 
from the heat sink constituted by the heat exchanger equipping this 
line, cooled by the RRI (component cooling system). 

During the ensuing recirculation phase, the sump water circulstes 
through the core, from which it removes heat, subsequently transferred 
to the containment structures and atmosphere before the water returns 
to the sump. So the pressure and temperature of the gases in the 
containment are slowly increased by exchanges with the walls. The 
sump water temperature rises to 130 °C (at t = 25h 15mn), at which 
temperature we postulated deterioration of LHSI pump thrust bearings, 
causing loss of the safety injection function by recirculation and 
thereby core dewatering. 

Dewatering the core results in its overheating and degradation. Steam 
is produced in sufficient quantities during this stage to cool the 
core, the temperature of which continues to rise. When the clad 
temperatures reach 1200 °C, steam oxidation of the zircalloy clads 
begins (at t = 26h 45mn). This is a highly exothermic chemical 
reaction and generates hydrogen (about 800 kg of hydrogen would be 
released in the event of oxidation of the entire zircalloy mass 
contained in the core). 
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At the end of core dewatering, zircalloy oxidation is about 90%. 

From t = 26h 30mn, clad failure results in release of the fission 
products contained in the clad-pellet gap. The core temperature then 
rises, reaching temperatures (at t = 27h) where the fission products 
begin to escape from the fuel, carrying with them part of the 
after-power. These fission products migrate through the primary 
system before being released into the containment through the pipe 
break. The water still in the core is evaporated by the heat from the 
fission products remaining in the fuel, which then further heat the 
core, causing its meltdown and subsidence of the molten debris to the 
lower plenum, where it cools whilst evaporating the water remaining at 
the bottom of the vessel. 

After vessel dryout, the vessel bottom head metal internals melt and 
mix with the molten core debris (mainly uranium oxide, zircon, iron, 
nickel and chromium). This molten mass, known as corium, attacks the 
vessel bottom head, which collapses when enough molten debris has been 
formed (at t = 32h 15mn). 

The corium then falls through to the reactor pit and interaction with 
the concrete of the basemat begins. During the phases involving 
corium overheating (before vessel melt-througn) and corium-concrete 
interaction, there are releases in the containment of non-volatile 
fission products and inactive aerosols, which agglomerate with the 
aerosols released during core meltdown. (Fig. 6). 

About four hours after the beginning of the corium-concrete 
interaction (when more or less large quantities of ^team and carbon 
dioxide are released) the containment design basis limit pressure is 
reached (0.5 MPa at t = 36 hours) and the U5 containment filtered 
venting procedure is implemented, Fig. 8. There are fractional 
releases of fission products to the stack, (Fig 9). At t = p, days, 
the corium penetrates the 5.20 m thick concrete basemat. 

During this accident, it will be seen from figure 7, that no risk of 
hydrogen deflagration was incurred, regardless of whether there was 
stratification in the containment or not. 

4. CONCLUSION 

The ESCADRE system is presently operational for the assessment and 
analysis of the radiological consequences of a severe accident in a 
PWR. It can be used to calculate the fluid thermodynamics governing 
fission product transfer phenomena for a given accident scenario and 
then to determine fission product (suspension) transport routes from 
the core to release to the environment. 

It has extensive potential applications, inciuJing: 
assessment of radioactive release as tc nature, quantity and 
kinetics, enabling the validity of population evacuation plans to 
be confirmed, 
analysis of the efficiency of the procedures and corrective 
actions envisaged by the operating utility to minimize the 
consequences of severe accidents. 

The system can, in addition, provide data for analysis of the 
mechanical strength of the vessel, the primary system and the 
containment. 
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With the ESCADRE system, it will also be possible to perform a certain 
number of paramètre calculations concerning sensitivity to various 
little known factors or to data which varies considerably according to 
the accident scenario. This could be a means of optimizing the data 
bases substantiating decision assistance routines at the IPSN 
Technical Emergency Center. 
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