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ABSTRACT

The safety principle in case of a LOCA is to pregsahe short and long term coolability of the
core. The associated safety requirements are toettse resistance of the fuel rods upon quench
and post-quench loads and to maintain a coolaldengtey in the core. An R&D program has
been launched by IRSN with the support of EDF, édfigrm both experimental and modeling
activities in the frame of the LOCA transient, echinical issues such as:

- flow blockage within a fuel rods bundle and itsguutal impact on coolability,

- fuel fragment relocation in the ballooned areaspitential impact on cladding PCT (Peak

Cladding Temperature) amh the maximum oxidation rate

- potential loss of cladding integrity upon quench @ost-quench loads.

The PERFROI project (2014-2019) focusing on th&t faibove issue, is structured in two axes:

1. axis 1: thermal mechanical behavior of deformatsond rupture of cladding taking into
account the contact between fuel rods; specifieareh at LaMCoS laboratory focus on the
hydrogen behavior in cladding alloys and its impatthe mechanical behavior of the rod;

2. axis 2: thermal hydraulics study of a partially ¢ked region of the core (ballooned area
taking into account the fuel relocation with localer power), during cooling phase by water
injection; More detailed activities foreseen inlabbration with LEMTA laboratory will
focus on the characterization of two phase flowth \weat transfer in deformed structures.
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1. INTRODUCTION AND CONTEXT OF THE PROJECT

During an accident causing the loss of the printarglant (LOCA, partial or even complete drying of
the fuel assemblies may occlr.these conditions, the fuel temperature increaskthe coolant pressure
drop in the reactor core may lead to significarfodeation and rupture of the fuel rod cladding. IFue
fragmentation may occur, leading to fuel relocatigthin the ballooned area. Depending on the burnup
of the fuel rod, extensive fragmentation may atsadIto fuel particles dispersal into the coolandugh

the ruptured cladding. Depending on the size aeddtktribution of the ballooned areas within thelfu
bundle, the cooling flow might be impaired, whiclayrchallenge the fuel assembly coolability and, by
extension, the core coolability.

The results (Fig.1), which illustrate this phenower{deformation of a fuel rod assembly), come, in
particular but not only, from an experimental LO@rogram performed, in the 1980’s by the Institut de
Protection et de SOreté Nucléaire former IRSN (LO€#t 215-R1] and reported ifi2]), in 5x5 bundle
including fresh fuel rodsAll the LOCA experiments performed with irradiatieetl rods have shown fuel
relocation [3]. Figure 2 gives an example for FR&4@any [4] at burn up about 35 GWd/t. The resulting
increase of the power density in the balloonned aray also affect the core coolability.

FRESH FUEL ROD
TestB1.1

K gD R T est IR
Figure 1.Bundle of deformed fuel rods Figure 2. Fuaelocation in the ballooned area
Phebus LOCA experiments (1983) FR2 Fuel rods fresh or irradiated (1983)

The consequences of deformations and fuel relatatiothe cooling efficiency when reflooding theeor
by the ECCS (emergency core cooling systems) gueritant safety issues.

Fuel relocation, as observed in several in-pile XG€sts with irradiated fuel and its potential impan
the local cooling of the blocked areas, have timbestigated and properly modeled.

The proposed research program is based on a $t#ie art review of the available experimental Hessu

The knowledge generated by this new project wikvegr long shared concerns by the international
community (such as the effect of fuel relocatiorbiocked areas in the core), and will allow to date
the DRACCAR codg5] developed and used by IRSN to simulate any proicayh OCA transient.

From a regulatory point of view, maintaining theoghand long term core coolability is the primary
requirement. More specifically, to fulfill this ragement, two criteria, which are calculable and
representative of the expected physical phenonelated parameters, are usually taken into acctht:
Equivalent Cladding Reacted (ECR) and the maximemmperature of the cladding. The regulations often
require these two values must not exceed a spdbifeshold during a prototypical LOCA transient.
Compliance with these criteria is obtained throagapted methodologies and advanced simulation tools
(carefully validated on specific experimental résul



As in other countries, LOCA rulemaking changes hbeen initiated in France to account for recent
experimental results (impact of burn up on the LO®Ats, effect of fuel relocation on the peak aath
temperature, etc..) and to account for the fact tiwa current fuels are irradiated in more chaliegg
operating conditions than in the 1970’s when thienér LOCA limits had been defined.

IRSN has produced a state of the art review oR&® programs conducted during the last thirty years
especially the swelling and the rupture of the diag [6], the impact ofthe fuel deformatioron the
cooling of fuel assemblief’], the oxidation/hydriding and the mechanical resisé of the cladding
during quench and post-quench log8k This synthesis is the basis of the State Of thieR&port on
LOCA [9]) showed the need of further experiments and idedtithree important issues (or pending
guestions) that must be addressed:

« What is the maximum ratio of blockage that canltdsom a LOCA and is the core still coolable
with such a flow blockage?

* When and how the fuel fragments relocate in théobakd areas? What is the impact of fuel
relocation on the peak cladding temperature (P@d)an the maximum oxidation rate?

« During and after the reflooding of the core, howd&nonstrate long term coolability, taking into
account base irradiation, transient oxidation aydtdgen pick up?

An R&D program (CYCLADE§ [10]) was launched by IRSN with the support of EDF tovjie
answers to these three questions. This progranudasl both experimental activities and software
development for simulation (DRACCAR1 and 1).

The PERFROI project proposes to answer the firestjon above. In scientific terms, the project aims
firstly to quantify the thermal mechanical evolutiof cladding in some specific configurations sash
those involving contact between fuel rods or sigaifit temperature gradients in the fuel rod
environment, and to quantify the impact of fragneeinfuel rods relocation in the balloon on coolirig o
the fuel assemblies during the reflooding. Speadifisearch aims to study heat exchanges occurring
between the walls of the deformed cladding andwimephase flow in fog form (i.e. steam plus drog)et
these heat exchanges conditioning temperature ehiang fuel assembly. Antagonist influences due to
the presence of a blockage will be evaluated. The8eences result from the following physical
phenomena:

e The flow bypass of the blocked region, due to #duction of the section between the deformed fuel
rods, leading to a reduction of mass flow in thb sbannels of the blockage. This reduction limits
the flow of the cooling capacity.

» The presence of water droplets in the steam floyw madify this trend. Their role in heat transfer is
important, whether through the heat extracted it impact on the walls or via their vaporization i
the bulk flow. Due to their inertia, their paths mlmt necessarily follow that of the steam flow path

2. STRUCTURE OF THE PERFROI PROJECT

As the need for further studies on two types ofnuineena (mechanics and thermal hydraulics) has been
shown above, the PERFROI proj§t8] has been structured in two axes:

Axis 1: thermal mechanical studies of the deformationfaiidre of fuel rods in LOCA conditions taking
into account the effect of contact between rodsthedeffect of an azimuthal temperature gradi€he
models or correlations describing the creep lavasrapture criteria from the results of these testisbe
integrated in the DRACCAR software, for the assesgrof the fuel assembly deformation.

U Characterisation andnvestigation forlmproved Calculation of LOCA Addressing theDetermination and
Evaluation ofSafety



The works that will be achieved in this axis are:

» Perform thermal mechanical creep and rupture td$ts. main objective of these parametric tests
(ELFE program - 83.1) is to assess the thermal ardchl properties of the cladding which will be
used in the COCAGNE tests program (83.2);

» Investigate the thermal mechanical swelling of diad tubes simulating multi-rods configuration.
This configuration (COCAGNE test program), neverdgtd experimentally up to now, will provide
us new insights regarding balloons formation befamd after contact between adjacent rods. It will
also quantify the effect of azimuthal temperatuadgents;

« Define a cladding creep rupture criterion valid foulti-rods conditions, to be implemented in the
DRACCAR code (Current criteria are based on singgktests);

« Validate models against the results of these tests.

Small scale experiments at the “LaMCo0S” researbbriaory (INSA-Lyon) will focus on analysis of the
hydrogen behavior in cladding alloys and its imgatthe mechanical behavior of the fuel rod (83.3).

Axis 2: thermal hydraulics behavior of a partially blodkeore zone during the reflooding phase.

The works that will be achieved in this axis comcboth semi-integral experiments and experiments at
smaller sub-channel scale:

e Thermal hydraulic experiments will be performedamout-of pile loop (COAL tests program (84.1),
including a bundle of electrical rods whose defaitraeeas are locally overheated to simulate the fuel
fragments relocation. The results of these experimevill help to refine and validate the heat
exchange models used in DRACCAR multi-physics abaling the reflooding phases.

* More detailed activities on thermal hydraulic faes in collaboration with the LEMTA-Nancy
research laboratory (University of Lorraine) witiclis on the characterization of two phase flows
with heat transfer in deformed structures (84.2).

3. AXIS 1 :THERMAL MECHANICAL ACTIVITIES
3.1. ELFE experiments

The ELFE experimental results will permit to obt#iie creep laws and the rupture criteria for differ
cladding materials useful for DRACCAR code inputit lalso to interpret the result of the upcoming
COCAGNE experiments (8 3.2).

ELFE experiments are performed in the FIGARO fuenél€ig. 3a) where the test section (Fig.3b) is
heated at high temperature up to 1000°C. Thosaatepaffect experiments are carried on 6 or 9 arg lo
samples (Fig. 3c).

Different zirconium alloys will be tested with diffent initial conditions:
= Alloys: Zry-4, M5™, Zirlo ™
= State: as-received, hydrided, pre oxidized
= Microstructures o, a +f3, B
= Temperatures : 700-1000°C

=  Stresses : <100 MPa



Figure 3: a) ELFE facility b) Inside the furnace

and c) Detail of the-sample

During the tests, the temperature is measured by

K-type thermocouple directly welded at the centre
of the inner surface of the specimen’'s gauge
length. The strain is measured without contact by a
laser extensometer that measure the position o
ceramics marks sprayed on the specimen’s surfac
(Fig 3c.). The mechanical load is monitored using
a 2,5 kN load cell located inside the vacuum
chamber.

Prior to the experimental program, qualification of

the ELFE facility has been performed by the end

of 2013.
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Figure 4. measurement of the deformation

Steady-state creep rates of bare zircaloy-4 fusddihg were determined from 700 to 1000°C. At these
temperatures, the Zircaloy shows three differemtsphrangest (up to temperatures close to 820°€ )
B (between 820°C and 970°C approximately) gndrom 970°C upwards). Isothermal creep tests were
performed under vacuum atmosphere. Measures ia treda + 3 ranges are consistent with the values
given in the literature [14, 15] (Fig 5a - pointsred, green, blue). The study of the tests perdrin the

B range is still in progress.

Figure 6 shows the evolution of Fe distribution d@tribution of the phases) with hold time at 850°
At the beginning of the temperature plateau, baidsps cannot be clearly distinguished. As the tioilel
increases, a small volume fractionfophase can be observed at ¢thgrain boundaries.
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Figure 5- True strain as a function of true stressa) Tests performed between 700 and 800°C versus
Frechinet results ; b)Test performed at 850°C verssiRosinger’s data collection

Longer hold times result in an increase in thekiféss of thed film. Consequently, the microstructure of
the cladding in thet + 3 phase range changes during the test as previobsgrved by Garde [16].

Figure 6- Phasax (purple) and phase (light blue) distribution
as a function of time exposure at 850°C.

ELFE program will continue with isothermal creeptseon pre-oxidised and pre-hydrided zircaloy-4
followed by thermal transient tests (1-5 °C/s) angbzircaloy-4 during 2015.
Then, other cladding materials (W5and zirld™ if available) will be studiethter 2016 and 2017



3.2. COCAGNE experiments

The objective of these experiments (constituting ffecond part of the thermal mechanical axis of
PERFROI) is to get precise knowledge of the thresedsional mechanical behaviour creep of
pressurized rod surrounded by structures simuldting neighbouring fuel rods to obtain a geometrica
and thermal representative environment. Curremériai are based on single rod tests, and the pessib
effect of contacts between fuel rods (as obsemdthebus LOCA experiments Fig. 7a) will thus bektak
into account resulting in new failure criterBxperimental data will be compared wittiree-dimensional
thermal mechanical modgBig. 7. b) which are implemented in the DRACCAR softwaret t@mputes
numerical simulation of loss of coolant accideansients

Before performing the experimental program (foresbetween 2016 and 2018), it is necessary to
validate the design and build a new specific testa (Fig. 8) gathering high technology solutiants a
millimetric space (sub channel). The main suppliesistruction and qualification tests of the COCA&GN
facility are foreseen to be completed early 2016.

Neighboring rods

Rod height
60 cm

Internal pressurization
up to 200 bar

Measurements

Figure 8 scheme of COCAGNE facility Figure 9 Desigiof the Test section

The COCAGNE test rods will be 600 mm long to représhe interval between two grids. It will be
linked to a dedicated helium skid regulating iteinal pressure up to 180 bar. Its external sunfaltdoe
either under vacuum or into inert gas at atmosphpressureto exclude zirconium oxidation, for
technical and safety reasons



The adjustable position and geometry of the pergdheds (Fig. 9) have been chosen to simulate as
accurately as possible the major types of contlated to loss of coolant conditions, such as gtute
presence for instanc&he cladding tube is simultaneously pressurized laated (direct Joule effect).
Reaching the creeping field, a hot spot will irgidoallooning leading quickly to a contact with aore
more adjacent heated guards (as well heated thrdirgict Joule effect)To achieve the thermal
homogeneity imposed on the sampld E 5 to 10°C), thermal leaks should be minimized.
Two main types of tests are foreseen: isothernsas teetween 300 and 1100°C and linear ramp tests up
to 20K/s. For the temperature increase, the Jdigetedirect heating process has been chosen using
resistors for 1 rod and 4 guards.
Particular attention is paid to the developmerthefinstrumentation of these tests

* On-line temperature measurement along three peipdadgenerating lines of the clad with an

uncertainty lower than 10°C despite neighboringrodturbance,

* On-line radial deformation along the same threesgating lines,

* On-line measurement of the differential pressu@ieg to the cladding,

» Detection of the instant and location of each coritetween the sample and its surroundings.

The technological challenge is the following: psémin on the measured temperatures should be dase t
5°C at 1000°C for ramps of about 20 K/s, on a lermgt600 mm.

 Thermocouples are intrusive and just give poinormation. To increase the number of
experimental points, IRSN developed a fast movilagfgrm shifting UV pyrometers and laser
telemetry sensors along the sample and away framotten. Each point is scanned at high
frequency, resulting in three generating lines terajure and deformation data, updated once per
second.

e Standard infrared pyrometers do not meet thesectigs, mainly because of the perturbing
radiative fluxes: photons emitted by the guards i&flécted by the sample lead to overestimate
its true temperature. To address this issue, IR&Ndeveloped with a supplier innovative UV-
pyrometers (Ultra Violet), less sensible to thesfeections.

Temperature measureméaobjective of 1008 5°C)

After the qualification tests, it appears that tee of the monochromatic pyrometry in the
infrared range is not possible for the tests withrds. However, 4 monochromatic (IR) pyrometet wil
be used for the tests on the sample alone, bedagage a satisfying global two sigma uncertainty o
+2,8°C in these conditions..

The pyrometers in the ultraviolet range, testedye2014, have proved encouraging results with
heated guards: the errors (always positive) shbgcbetween 7°C at 700°C and 4,5°C at 1100°C,
assuming a guard temperature slightly lower thaat tf the sample (20°C less). The design of
pyrometers was improved: sensor mass and samjfireg reduction for moving implementation, optic
lenses and wavelength choice to fit our geometiacal emissivity conditions. Because of poor photon
energy on the UV range, the weak point of this medtgy is to receive enough signal to start measure
700°C would be the lower range limit.

Deformation measuremeftbjective of £100 pum)

Regarding the measure of deformation using las@ngulation technic, the preliminary test campaign
allowed to verify that the chosen sensor met tiggirements of COCAGNE (accuracy of +16 um) even
on a high temperature target (1200°C) and with@ttrbing the pyrometers.

Measurement of the contact

This original use of the ultrasonic properties imetallic components is derived from a former cqbod
ultrasonic thermometer already used over 2000°CinDuhe qualification test of this measure on klco
bench, the performances were good enough for ttextitn of the first contact even for a very light
contact pressure and size (starting from 2600 Pamw 3 mm?2). The contact exact time can be
determined by data post processing with a precisiat least 50 ms.




Four independent and synchronized systems wilhianted on the four guards. One or several guards
in contact will thus be perceptible. The uncertaiitthe measurement of the position of the fisttact
was + 5mm. An optional post processing result eséhsensors is to describe the contact evolutidimeof
ballooned cladding developing against the guardasar The uncertainty of this measurement is
unfortunately difficult to assess in view of thessmatic errors observed, influenced by the amyitra
contact pressure. As order of magnitude, on theé behch, a balloon contact surface exceeding 20 mm
can be estimated with errors ranged between 2 2mdni. Shorter stretch could not be differentiaterfr
punctual contact.

Further development and qualifications are in peegron this subject before COCAGNE facility set up.

3.3. Specific research on cladding behavior

In the frame of the thermal mechanical axis 1, Sigeesearch at INSA LyonL@MCoS - Mechanics of
Contact and Structures Laboratowil focus on in-depth analysis of the hydrogen &abr in cladding
alloys and its interaction with the fuel rod medahbehavior through a PhD position (2014-2016).
Hydrogen,due to “hydriding”,has been recognized to modify the mechanical behafi zirconium
alloys fuel cladding
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Figure 10: LaMCoS- INSA Lyon facility

This facility (Fig. 10) was developed previoudby, N. Tardif & al. [18],for characterizing the fracture
kinetics of a vessel bottom head duringpge meltdown accident in a pressurized water ogact

This set-up is able to perform bi-axial loadingrigmession and traction load) under controlled tlarm
uniaxial loading up to 1200 °C using pressurizetutar specimens. The experimental setup was
modified (Fig.10 - right) to study the macroscopérondary creep behaviour of as received and hedirid
zircaloy-4 under a representative thermal mechétdeding of a LOCA.

The experimental matrix focuses on the followingges, temperature between 700°C and 800°C, hoop
stress in a range of 20 - 75 MPa and hydrogen obfitam 0 to 750 ppm.
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Figure 11 Example of view given by digital image malysis

Specimens are cut off from an as-fabricated Zyatlding by electro discharge machining. They are
90mm long, 0,57mm thick and their outer radius,i&4mm. The experimental setup heats-up a 20mm
long length, considered as gage length, by indodtieating. Internal pressure and axial force arénse
order to produce a uniaxial stress state in thephdioection. The tests are carried out under inert
atmosphere (argon). In addition to the usual measents (type K-thermocouples, force, pressure), the
experimental device is upgraded in order to enaptecal full field measurements (Fig.10 - left) kwdth
displacement and temperature. The thermal field.{fic) is measured by an infrared camera. Thastra
state (Fig.11 a) is measured by 2D digital imageetation (FE-DIC code developed at the LaMCoS) for
strain limited to some percent using high tempeeapaints to create a grayscale pattern. Then gonto
detection process [19] is used for finite strairewtpallooning and speckle damaging prevent using 2D
DIC. The new setup includes 4 cameras and an @draamera distributed over the circumference. Full
field measurements enable to correlate a 20 dedgeegerature evolution over the axial directionhwit
the strain rate gradient in the region of inte(bstween the coils).

The secondary creep is then identified using a lsimmuiltiplicative law:

m

e’ =A><03M><ta (1)

Where £ is the creep straing,,, the Von Mises stress and t the creep time. A, mraade the three
parameters to be determined for each investigateperature.

Additional information and more detailed resulta & founded in [20].
4. AXIS 2 :-THERMAL HYDRAULICS ACTIVITIES
4.1. The COAL experiments
The objective of the COAL experiments is improve tknowledge and the modeling of reflooding
process of a fuel-rod assembly with large blocked avith relocated fuel simulation in the balloons:
1. The first phase was to design and to test an aaltyrheated rod with pre-ballooned area
(SAFRAN prototype SimulAted FuelRod under loé& conditiaN);
2. The second phase will consist of reflooding testh voughly full-length bundles in an out-of-
pile water loop with adequate characteristics.

This program(COolability of a fuelAssembly durind.oca) is detailed in [23].



4.2. Thermal hydraulics experiments performed at sh-channel scale

Within the frame of this thermal hydraulic axissearch is foreseen at the Laboratory for Energy,
Theoretical and Applied Mechanics-LEMTA-Universif Lorraine. It will focus on the characterization
of two-phase flow with heat transfer in the defodnséructure$24] (Fig. 12).
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Figure.12: local phenomena involved in the process  Figure. 13: Temperature measurement

This will consist in performing specific separaféeet tests at the sub-channel scale (channel legtwe
fluid and rods). The proposed approach is expectedlidate the models already developed on flod an
heat transfer between wall and fljb, 26]. Realization and interpretation of these tests béllpart of a
PhD thesis (2015-2018).1t is also planned to cohdwustudy of the so-called "quench front propagetio
area with the aim to better model its dynamicseeigly the generation of droplets and their tramspy
the vapour flow. This will be done as part of atpdsctoral research project.

Local phenomena involved in the procg24] are illustrated in the Fig. 1As it can be seen on this
figure, the two-phase flow occurring in the balledrregion is a mist flow (dispersed water droptet i
steam). In previous works [24, 25, 26, 27], we digyed a set-up to accurately measure the heaferans
between a single droplet and a hot wall for condgiclose to LOCA.

As the interaction between the droplets and thé iwalery short (~18s for the droplet size of interest)
and the exchanged heat fluxes very small (a few mWé) designed an experimental test device to
measure the heat transfer during the resident &intk also developed a specific inverse conduction
measurement technique to estimate heat flux atvetie[25], from temperature measurements (Fig. 13).
The hot metal target (Zircaloy or Nickel — thickese®gpresentative of that of a fuel rod cladding ar
heated thanks to an electromagnetic device. Thectod is a ring so that the target can be obseoved
both faces: on the upper face where the dropleastrimpinges, a home made Planar Laser Induced
Fluorescence device allows to measure the temperafuthe incoming and out coming droplets while
the lower face is free to be seen by an infraredeta. These two techniques and high speed camera
visualizations are combined to analyse the dropbldt-interaction. As low Weber number (defined as
function of droplet diameter (D), of droplet veltyc{V), of fluid density p) and surface tensiom)) are
expected in LOCA conditions, the main regime whiels studied is the bouncing regime (see figure 14).



Figure 14: droplet-wall interaction in the bouncingregime (Weber < 40)

The experiments in ambient conditions were performéh very small droplets (diameter of about 50-
400um) injected at room temperature at high frequeheayks to a purpose-designed piezoelectric nozzle
where the droplet frequency, velocity (V) and Sieyope) at injection can be adjusted. The target wall
was a very thin disk (5@@n thickness) pre-heated to around 600°C by anreleetgnetic inductor
device. At initial time, heating was shut down ahd heat flux removed from the wall by the impingin
droplets (front face of the disk) was calculatedpbgt-processing the temperature field (measurelein
rear face of the disk using the infrared camer#) tie aid of the semi-analytical inverse heat catidn
model that was developed.

The analysis of the experimental data leads tovamedel for the energy released by the wall for one
droplet impact [27]. This model accounts for theegding of the droplet as a function of time andtfie
vapour flow beneath the droplet (the model is ordlid in Leidenfrost conditions). Figure 15 shows
some results of the modelling compared to experialeneasurements, as function of the Weber.
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Figure 15 : Comparison between experimental data ahoutput of the model

To study LOCA conditions closely, a new set-up Wél built. The test channel will be representatiza
blockage zone. A given droplet distribution will igected in the channel; this droplet distributiwill

be characterized using a Phase Doppler Anemomettigeland both droplet distribution at the exithod
channel and global heat transfer will be measunedrder to be compared with the model previously
adopted [24, 26].



5. CONCLUSION

The safety principle in case of a LOCA is to presahe coolability of the core. The associatedtgafe
requirements are to ensure the resistance of thlerdals upon quench and post-quench loads and to
maintain a coolable geometry in the core. In thtyeg2000’s, IRSN has conducted an extensive Sthte-o
the-Art review relative to the fuel behaviour untd€CA conditions. The PERFROI project (2014-2019)
will focus on one pending question on flow blockagéhin a fuel rods bundle (with mechanical aspect
never addressed up to now) and its potential impactoolability (thermal hydraulics aspect) takintp
account fuel relocation with electrical rods reprgative as much as possible to real irradiatetrbgs
regarding the thermal behaviour. For this projé®EN and partners will use existing facilities oitlw
develop new one with innovative solutions regarding technical measurements in order to produce
enough accurate information. The results will beduso validate code modelling and the knowledge
generated by the overall PERFROI project will bértefthe international nuclear safety community.

NOMENCLATURE

COCAGNE : (in French language) @Omportement d'urCrayon enAPRP soumis a uGradieNt de
températug » Fuel Rod Behavior under temperature gradient in A@@nditions

DRACCAR:(in French languagd)éformation eRenoyage d’'urAssemblage d€rayonsCombustibles
pendant unAccident deRefroidissement — simulation tool for 3D thermal im&agical behavior and
Reflooding during LOCA transient.

ELFE :(in French language)ktablissement ddsois deFluage » (Creep Law Determination)

LOCA: Loss Of Coolant Accident
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