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ASTRID is the Advanced Sodium Technological
Reactor for Industrial Demonstration which isintended to
be a Generation IV prototype reactor, with substantial
strong improvements in safety and operability. In order to
meet the objectives of the 4th generation reactors and
comply with the related specifications, the ASTRID
project integrates innovative options.

From the beginning, the project took into account
the qualification actions related to these choices and
initiated the qualification program of the ASTRID Sodium
Fast Reactor. The objectives were to collect needs
expressed by different Technological Working Groups
involved in ASTRID and to organize then the further
treatment of the needs. A risk evaluation was also
performed through an evaluation of the maturity level of
the technical options using a Technological Readiness
Level process (TRL ranking table).

The objective at the current stage of the project is to
pursue this process and to supplement the approach by
extending it to the entire ASTRID breakdown product
structure in order to take into account the interfaces and
the integration of the elementary systems. This paper
presents the technical qualification method selected to
homogenize the approach in the different fields of the
ASTRID project.

The simulation tools which are very important to
obtain confidence in the feasibility of the proposed
innovations and to support the safety files must also
follow a qualification process. This process, similar to
that related to equipments and systems, is described.

Some examples are given to underline the importance
of the different mock-ups used during the qualification
processes.

I. INTRODUCTION
The ASTRID reactor is a technological demonstrator

designed by the CEA together with its industriattpers,
subjected to a very high level of requirements.

Innovative options have been introduced in the
design to enhance safety and to take into acccwt t
lessons learnt from the Fukushima accident. These
options enhance safety, improve reliability andrap#ity
and make the Generation IV SFR an attractive opftton
electricity production and fuel cycle management.

Consequently, these technological options combined
with the new safety features are leading to newlsee
terms of qualification, demonstration of the relese of
the proposed safety options, efficiency and rotasstrof
the concepts.

The selection process of the design options and the
safety studies of the ASTRID reactor also rely lo& tise
of scientific computing tools, some of which neeswvn
functionalities to fully address the needs and
particularities of this new reactor. These simolatiools
need to be qualified for their use in the ASTRIDds¢s.

Finally, the technological features as well as the
simulation tools have to comply with a rigorous i@gezh
of qualification in order to meet the requiremeatshe
French Regulation. It also has to comply with the
schedule and the different milestones of the ptojec

This paper is going to describe the qualification
process the components and the systems must comply
with and the one to be followed by the simulatiools.

The links and the similarites between the two
qualification processes will be underlined. Some
examples will be given to point out the importainé¢he
different mock-ups used in the qualification praess

II. DESCRIPTION OF THE PROCESSES
II.LA. Component and system qualification process

In every major and complex project principally
driven by innovation, the perspective of R&D needsl
Qualification program is a matter of concern. As a
consequence, it is essential to anticipate, asy easl
possible, these needs and to implement a quaidicat
methodology.



During the Conceptual Design phase (hamed AVP2
phase, from 2013 till the end of 201thle evaluation of
the qualification program of the ASTRID Sodium Fast
Reactor was initiated and a methodology was defined
consisted in collecting the exhaustive list of R&Beds
and technological demonstration tests to be fatfilon
representative mock-ups before introducing the ephin
the prototype. It has also been presented how this
compilation of needs was managed, evaluated and
prioritized in terms of Project Risk Management by
means of a Technological Readiness Level grid (TRL)

In line with the work already accomplished, the

implementation of the qualification process is preed.
It defines the terminology to be adopted to stadidar
and facilitate relationships within the project. dtso
describes the different steps to be followed tdquer a
system or a component qualification.

I11.A.1. General Information

The objective at this stage of the project is talde
with the qualification from the design to the deghent
of the product, which is the technological quadifion.

The purpose of the qualification is to produce a
qualification file, demonstrating that the equiprnen
complies with the required performances and safety
options. The qualification process must be cohengtit
the evolution of the project throughout its progteshe
main steps of the qualification process can beessprted
as a V cycle as shown in figure 1.

These steps are going to be detailed hereafter.

— [

Qualification Program /
\ — Test Report

Test Program /

Test Preparation /
Realization

Fig. 1: Main steps of the qualification procedsecycle.

Qualification plan

Adequacy/Validation

I11.A.2. Qualification Plan

An important inventory work must be done on the
basis of the ASTRID product breakdown structure téued
functional breakdown structure. The goal of thisrkvis
to determine which equipment or system must be
qualified and what will be the subjects of the dfiction
(performances, lifetime, production method, sizirg...
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It's important to take into account the interfacesl
the integration of the elementary systems. To dp so
methodologies of evaluation of the degree of mgtwan
be used. These methodologies contribute to perfamm
exhaustive analysis of the notion of qualificati@syond
the Technology Readiness Level (TRL), the Integrati
Readiness Level (IRL) has been introduced to addres
some of the limitations associated with the origina
development of the TREsThe IRL is used to evaluate
the integration readiness of any two TRL-assessed
technologies. The System Readiness Levels (SRL) and
the Manufacturing Readiness Levels (MRL) can also b
useful in order to evaluate these aspects of the
qualification.

The establishment of a strategy is also a key point
because experimental tests are expensive. Thetbrae
kinds of qualification:

e The one based on analysis consists in demonstrating

by a qualitative and/or quantitative reasoning that

the product can fulfill his function(s). The method

by analysis is often based on considerations of

analogy between equipment and involves the use of

simulation tools.

The qualification can of course also be done with

tests.

*  Finally, the qualification can be a combination of
test and analysis.

At the end of this stage, the qualification plansirioe
provided. This document synthesizes the work done,
describes and justifies the strategy chosen toediie
qualification.

I1.A.3. Qualification Program

The qualification program puts forward a more
precise definition of the tasks identified in the
qualification plan. It defines the type of testsiethmust
be made and the associated schedule in collabonatth
the concerned facilities. The qualification testsén to
demonstrate that the equipment or system can woits i
specified environment.

If tests are performed on mock-ups, the proof of
transposition of the test to the considered casst e
provided.

1.A.4. Test Program

The test program can then be detailed. It often
implies numerous exchanges with the facilities imiol
the tests are planned to be realized. It descnbese
precisely than the qualification program the tdstde
done.



I1.A.5. Test Preparation and Realization

This phase corresponds to the realization of a mock
up, a prototype, the realization of an experimedgalice,
the modification of a facility...Generally this phabkas
been launched in parallel to the establishmenthef t
qualification program.

The tests are then performed according to the test
protocol developed on the basis of the test program

I1.A.6. Test Report

The test report has to supply all the data allovtireg
interpretation and the exploitation of the testshds to
meet the requirements of the qualification and test
programs.

11.A.6. Qualification File

To finish, the qualification file must be provided.
This file has to demonstrate that the domain of the
performed tests is in adequacy with the required
qualification domain. It must demonstrate the
qualification of the equipment and /or system wébards
to its qualification plan. If it has not been ddrefore and
if tests have been performed on mock-ups, it mistige
the proof of the transposition of the test to tbesidered
case.

On the basis of the qualification file, the equiprine
or system can then be considered as qualified. The
qualification file establishes the proof of the aeijty of
the equipment or system.

11.B. Simulation Tools Qualification Process

The French Regulation for Basic Nuclear
Installations, issued in 2012, requires the safety
demonstration to rely on calculation tools whicte ar
qualified for the domains they are used in.

The Qualification level for a calculation tool iset
final level which has to be performed after the Iwel
known VVUQ (Verification, Validation and Uncertaies
Quantification) process. This level is achievedhat end
of a long-term procedswhich involves several steps,
briefly described hereafter.

Subsequent to the Development, tHerification
step ensures that the resolution of the equat®nserrect.
In other words, it must be ensured that the caticuidgool
works as expected (correct digital implementat@orrect
numerical solution).

Then, theValidation of a scientific calculation tool
is the process of assessing its predictive abdityreal
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phenomena with regard to the use in the targe&dd. fit
aims to achieve the quantification of uncertainties
associated with the calculated quantities.

The validation is to ensure that the mathematical
model developed for the calculation of physical
phenomena has the ability to represent them prpperl
an identified domain.

The validation is led according to the validatfan
which must have been established previously and the
content of which is represented in figure 2. Thidegion
plan describes the strategy of the validation.
validation phase consists in comparing the refltthe
simulation tool to experimental data coming fromako
ups and/or reactor operation feedback, as well cas t
already qualified calculations (benchmarking). Tiight
be called the analysis part of the validation plan.

The ASTRID simulation tools benefit from a vast
experimental data base, relying on the feedbackn fro
numerous tests, particularly in the PHENIX and
SUPERPHENIX reactors. Nevertheless, the innovative
design options of ASTRID involve new needs in teohs
R&D programs and motivate the development of nesi te
facilities. Considering the considerable cost oésth
experiments and the need to widen the set of reteva
experiments, international collaboration is requliréhese
new testing needs are gathered in the experimetdal
which is thus another part of the validation plan.

To be complete the validation plan must also deal
with costs, risks and schedule.

The

Simulation Toaol (ST) validaticn plan
(= Component or system qualification plan)

Analysis :
» Benchmarks
» Experimental feedback

Experimental plan :
> MNeed of exploitation of already done experimentation
» Specific expenmentation for ST
» Common experimentation between ST and compaonents
v Common test
v Different test

Cost, rnisks, schedule

Fig. 2: Content of the validation plan.

Finally, the Qualification step is the last stage of
the process. The goals of this step are to endwe t
validity and the relevance of the obtained resualtsyvell
as to demonstrate the quality and the confidencthén
provided results. This step must be done by the
calculation tool user.

During this step, it must be ensured that the fadld
use of the tool in the future study is consisteithits
validation domain. The tool must be used in the @iom
where it is supposed to be valid and the proofhid t
verification must be provided.



The transposition to reactor case, which invo
checking the ability of the scientificalculation tool tc
simulate reactor conditions, must also be providéds
transposition must also include the quantificatainthe
associated uncertainti

The representatioishown n figure 3 can be ai
efficient tool to assess the relevancof use of the
simulation toolby focusing on the overlapping ¢the
application anc validation domais. Of course, thi
representation eedsthe identification of the influentic
parameters (called A, B, C..on the major physici
phenomena simulated with tcalculation too

Validation
—— Application 1
—— Application 2

Fig. & Representations of validation and applica
domains

Every use of a simulation tool muste able tc
justify and demonstrate the compliance to the agogr
through the formalization of this stwhich is akey point
in accegpting studies dedicated to the safety demonstt.

The above describeapproach must be followed |
all ASTRID partners in order tprovidevalid safety files,
such as required by the French Safety Author

II.C. Interaction between thetwo previous processe

The components and systems qualification pro
and the simulation tools qualification processdailthe
same approach and are tightly link In both cases
must be demonstrated that the equipment or thectmt
be used with confidence and will fulfill the recgst
performances

The validation plan of simulationtool is equivalen
to the qualification plan for equipment or a systdriney
both describe the strategy chc which will lead to the
qualification

Furthermore as representen figure 4, the analys
part of the qualificatic can require the use of
simulation tool which has to be qualified for tt
concerned use. The qualifiion of a tool relies on it
validation built with the realization of experimatibn
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which can be shared withe experimentation required fi

equipment qualificatiol
by analysis

Experimentation I I

Qualification according
product and functional
breakdown structures

Overall
Qualification

Tools I
(8T) Qualifications

Istudies.
Benchmarks

—> =needof

Experimental
feedback

Fig. 4. Links between simulation tool qualification a
components and systems (fication.

. EXAMPLES

As it has been described before, the experiment
can beperformedfor components and systems or
simulation tools or can also be useful for bothtlu#se
needs.Some examples are going to be given to unde
the importince of the different mow~ups used during tr
qualification processe

Of course, as it was described in section II,
examples which are going to be given are only & @k
the qualification proces

LA, THE SODIUM GAS HEAT EXCHANGER
I11.A.1. Introduction

The study of an ASTRID option with gas Pov
Conversion System (PCS) is leading to an impoR&D
and design program work which extensivel' describec
in related pape*®. In the gas PCS, one of the k
componentis the Sodium / Gas Ht Exchanger (SGHE
allowing to transfer a total heat power of 1500 N\
between the 4 secondary sodium loops and the Bgps
of the power conversion syste

The principle of the design is to put Compact F
Heat Exchanger (CPHE) modules in a prrized vesse
playing also a headefunction (figure 5). The main
motivations of this design are: (i) the bundle laites is ir
compression (this limits the tensisolicitations in the
structure), (ii) there is a limitation of constr@ndue tc
hypersteéism (each module is free to thermal expansi
(iii) the pressure drop on the gas siis minimized,
(vessel acting as header), (access téhe module acce:
is allowed for maintenance and inspection, (v) éhare
two confinement barriers betwethesodiun and theheat
exchanger buildinenvironmer (hence a module failui



has no impact on the outside), (vi) the Na inventsiow
(<8m).

The manufacturing process foreseen for the CPt
based on diffusion bonding by hot isostatic prag$DB-
HIP), but with specific procedure allowing 100
manufacturing contrc

Modules

Pressurized
vessel

Shell guide
gas

Z4m

' Na pipes §

Ilm

Thermal
sleeves

1000 | | 650

Fig. 5 SGHE design layot

No CPHE has never been industrially manufactt
in SGHE dimensions (fig), nor hasbeen used witl
sodium. A large development and qualification peaog
has leen launced, in order to qualify therial hydraulic
performances, the design based on narrow channdl
its compatibility with Na (draining, cleaning, patal
seltplugging), thermomechanical analyses to justify
design, manufacturing process detion, material
characterization, standards and rules upda

I11.A.2. R&D needs in SGHE qualification

The development of this SGHE may be broken d
into three main stage

1. Conceptual studies and related justifica
calculations: thisstagehas o providea certain number ¢
innovations and related patents relative to (i)désign of
the component itself, (i) the manufacturing pra;e§i)
the exchange pattern allowing an roved therma
compactness, (iv)the Na collectors to ensure
homogeneous distribution of the modL These studie
strongly rely on theoretical works, parti: validated.

2. Analytical validatio where theobjective is the
experimental validation on a reduced scale
simulating fluid, on representative p: of the concept
and models proposed and / or developed inprevious
stage For the therral hydraulic performance studies, t
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validations were «aried out on the scale of the rside
channe® (test sections implementinLASER viewing),
Na headers by means of wi-to-sodium similarity test
at channel scale and scalon DANAH facility (fig.6).

INLET
HEADER

CHANNEL [
BUNDLE

T

A LLLLLLRLLRRLETT YL A

CFD Data

Fig. 6: DANAH facility. lllustration showing
calculated and measurecannels outlet velocity profile

3. Global qualification: the objective is to tak&ad
account in a same test all the significant parars
validated individually in the previous stages. B, it is
needed functional heat exchanger mocup working
with ASTRID conditions. In order to limit the risknd
associated costs, two qualifications scales weosat

» Small £ale: tests on elementary Heaichangei(HX)
mock-ups with a heat power capaciup to 40 kW.
These tests are perforn in the DIADEMO facility
(Fig. 7)which ispart ofthe PAPIRUS (Park of sme
Installation of R&D for Utilization of sodium
platform The objectiveis to validate the theral
hydraulic performances of the current exchapart,
as well as to validate in a preliminary way
thermomechanical ehavior of the bundle of plat
and thus the assembly process. These experin
tests havestarted in 201%and will contribute to rais
the TRL index from 2 to
Complementary to ese tests, a series of elemen
tests are carried out in parallel other facilities
belongingto the PAPIRUS platfort.

» Scale 1: tests on a large tests facility named N
belonging to the CHEOPS platfo (see § III.B.2.
The NSET facilitywill allow a powerexchange up t
10 MWith. This facility is designed to bring validat
on the operation and performance the heat
exchanger module (sca=1 of the ones foreseen 1
ASTRID) and components (regrouping a set
modules scale 1:12) instaionary and transieni
conditions These testwill be performed during tr
ASTRID Basic design phase. The objective is
qualify in detail the¢ heat exchangethe design
(especially th design of the sodiu manifold), the



manufacturing process with manufacturing contrc
strategy and the instrumentation for i-service
monitoring. These qualification tests will raisee
TRL index from 5 to i

Fig. 7: Picture of the Compact Plate Heat Exchanger
(CPHE) and DIADEMO facility.

[l.B. HYDRAULICS and THERMAL HYDRAULIC S
BEHAVIOR OF THE PRIMARY CIRCUIT

An importantsubjectin Sodium Fast Reactors is t
hydraulics ancThermal Hydraulics (TH) of the primary
vesse|

I11.B.1. Needs Identification

The qualification in the field of hydraulics ar
therma hydraulics must deal with the followin
problematics

e Overall problematics: that is to say therr
hydraulics of the primary circuit as well natural
convection of the primary loc

* Localproblematics which ar
o Gas entrainment andortex creation on ree

surfaces

0 Gas accumulation within the vessel (in partici
in the diagrid)

o Presence of sodium aerosols in the cover
plenum and its influence on heat tran:

o0 The nor-permanent position of the interfa
between the gas (and aerosols) and sow@nd
its impact on the upper part of the inner ve

o Thermal fatigue of theAbove Core Structurt
(ACS) due to core outlet temperatt
fluctuations

Some R&D needsconcerning the validation
certair thermal hydraulis computing tools must also |
takeninto accour.
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Some additional needs in TH are concerning r
components such as IH(Intermediate Heat eXchang.
They will not be presented in this pa|
[11.B.2. New experimental needs

Following the analysis of the available experimé
databaseit has been established that new experiment
neededin order to achieve the qualification of th
hydraulics and thermal hydraulis in the primary vesse
Most of them are in wateenvironmentbut somewith
sodiur are also need.

Water environment mock-ups:

The GISEL} platformconsists oseveralttestbenche:
where different R&D studies will be performeThe
GISEH platformcomprisesthe facilities operating wit
simulant fluids (water or air) in support of SFRogram.
Within it, a newmultipurposefacility, today operatione
(see fgure €, named PLATEAU enableswater
distribution tomockups.

Fig.8 PLATEAU facility

The following tests are or will be performed
PLATEAU with different mocl-ups:

The MICAS mock-up is the first which has bee
realized(see figure ). It representsthe ASTRID upper
plenum (360°, scale 6). The maximum flowrate is 3%
m*h and the range of water temperature is 10 to |
The mock-upis plunged into a water podo perform
Laser velocimetnin order to gela 3D representation ¢
the flow distribution

MICAS is used to confirm the overall TH behavior of 1

hot plenum (with possibility to realize transi€) andto

validate CFDsimulation tool. The mains issues to

studied are

» Free surfacedeformatiol because sxillatiors of the
free surface can induce thermalstress on the
immersed componen

* Gas entrainme.



¢ Thermal interface behavior: location, fluctuations.
* TH stability and flow distribution at the IHX inlet
e Thermal and flow pattern in the ACS.

Without water

Filled with water

Fig.9: MICAS mock-up

The MILIPOSO mock-up, which is currently being
designed, will represent the Pump / Diagrid corinact
(360°, scale 1/6). In this mock-up, will be studied
« the hydraulic stability of the outlet flow comingpfn

different pump /diagrid connections,

e the hydraulics in the diagrid in normal conditicarsl
asymmetrical situations (break of a pipe, pump
shutdown),

e the behavior of the gas (identification of the
accumulation zones).

The MISHOCO mock-up will represent a part of the
core and the hot plenum. It is currently in theimgbn
design phase and could be a 120° sector and @dl& s

With an up-to date design and on a bigger scale
compared to the MICAS mock-up, it will allow to du
thermal hydraulics in the hot plenum, thermal fiattons
at the core outlet and inter wrapper flows. It valso
bring new data for the validation of CFD (Compudatl
Fluid Dynamic) simulation tools.

A hot and cold plenum integral mock-up will be
useful for the study of the natural convectioniatibg.
The scale is to be defined; it could be about 1/10.

Following the tests that will be performed on
MILIPOSO, other tests could be required to demaistr
the elimination of gas entrainment in the core.sEhtests
would involve higher flow rates than those ava#abh
PLATEAU.

Sodium environment mocks-up:
In addition to the tests performed in water
environment, some needs require a sodium environmen
CHEOPS (see figure 10) is a CEA technological
platform which is planned to be built by 2020. itlwe a
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set of large sodium facilities for component or teys
qualification. Some experiments are planned in the
NAIMMO test section. NAIMMO is a static sodium
vessel allowing for static and dynamic conditioifie
issue to be studied is the behavior of sodium atgos
(heat transfers, deposition kinetics...) as supporthe
qualification of the roof slab (penetrations anerthal
protections).

Fig.10: CHEOPS drawing - Integration in the
environment

The need of a large scale test in sodium envirohmen
in order to check the natural convection in themary
circuit and the decay heat removal system effigieisc
under evaluation.

Finally, some needs specially require increasirgg th
validation data of the thermohydraulic simulatiools.

This is the aim of the R&D program with JAEA
which involves tests to be performed in the PLANDTL
sodium facility (in particular for the inter-wrappéow
calculation qualification).

[1l.C. CORE ASSEMBLIES
[11.C.1. Introduction / Background

The ASTRID core assemblies Qualification Plan is
dedicated to the licensing of the start-up ASTRIiiec
This Qualification Plan concerns the internal artbmal
fuel assemblies (RBA), the diversified and indepsmd
fast-acting automatic reactor shutdown systems (RB&€
RBD), the complementary safety devices dedicated to
core damage prevention (RBH), the reflector assiesbl
and the lateral neutronic protection (RBN) and the
mitigation devices.

Two main type of test are performed: out of pilel an
in-pile test.



The ou-of-pile tests consist of mechanical te
hydraulic and thermal hydraulic ts (in water ai
sodium/water similarity conditions or in sodiur

The inpile test consist of Postlrradiation
Examinations(PIE) of pin irradiated in the past HENIX
and SUPERPHENI> prograns) and of experiment:
irradiation tests under representative conditi

The ASTRID core assemblies Qualification P
will be completed by the Control Plan anthe
Performance Rise Plan. The main goal of the firg
to confirm the qalification results i-situ by pos-
irradiation examination of ASTRIDssemblies

The second one idedicated to the increasing
assembly lifetime at the equilibrium core cctions.

Both will be performed ithe ASTRID reactor

As indicated before, the qualification methodol
is based on the u of the Technology Readiness Le\
method for both main processes necessary to
qualification— the maturity of the manufacturing proci
and the maturity of the in pile behavior knowledge
material, components and assemb

The two paragraphs below present a few exan
of out-of-pile and ir-pile tess.

[11.C.2. Out-of-pile test examples

Usualout-of-pile tests are commonly included to -
Qualification Plan and some assembly design stuttes
dedicated tests to allow maturity level increas

For example, mechanical and hydraulic tests
already underway to qualifthe conceptand component:
of thefuel assembly anthereactor shutdown systen

Concerning the fuel assembly, as an exan
mechanical tests will be performed in sodium on
innovative head of Upper Neutron Shielc device.
These tests consist ¢he validation of thefunctional
behavior in sodium with the aim tdemonstrate th
absence of thrisk of seiazire during handling phase

Another example concerns the hydraulic ts
currently performed in support of the innovativesitlgot
design of the fast acting shutdown system (R These
tests are carrd out in water where the therr-hydraulic
properties are close to sodium conditions (sodiwatey
similarity conditions) in a scale-1 mock-up of the
assembly

The mocl-up is representative of the absorber
bundle, the hexagonal wrapper tube and the da
(cylinder and piston), in terms of ¢metry, mass an
materials. ligure 11 hereafteppresents the mo-up with
the maincomponents
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Absorber pin
bundle

Piston

Dashpot

@/ Cylinder

Fig. 11: RBD Dashpot iock-up

These tests began in the beginning of 2016 an
first results confirm the dashpot design (confiiomatof
no vibration risk at nominal conditions, of rod drobme,
of braking kinetic...)

They areconducted by AREV. NP atthe Technica
Center located at “Le rewsot”. Figure 1: shows the tes
loop with the moc-up.

Fig. 12 Test loop for dashpot hydraulic t— AREVA
NP Technical Cente



The test campaign w continuewith acceleratior
and chocks measurements and rod drop repeatdbity.

[11.C.3. In-Pile Test examples

As indicated before, the maturity, in terms
fabrication and irradiation experience, gained digiothe
French SFR Program allowed developitobust desigr
and material solutions for the first ASTRID co

These solutionsave to be validated, either by p
irradiation &«aminations on irradiated pins or struct
from FHENIX and SJPERPHENI> reactors, or b
irradiation experiments under repretative conditions

In the outline of Qualification Plan, seve
experimental irradiation tests are being desigtiestly
within the framework of CE-JAEA Implementing
Arrangement on the ASTRID Program and ¢
Collaboration (irradiation test planed iIOYO reactor,
and also in Russian Fast Reactors (BN600 for fests
and BOF-60 for steel materials and absorb

As an examplethe MACARON irradiation tes
dedicated to absorber pin design studies is cuyr
designed and discussed with B-60 teamsof RIAR
(RussiarResearch Institute of Atomic Reactol

Concerningthe PIE on irradiated pins or struct.
from FHENIX and $JPERPHENI> reactors, a dedicate
CEA program named ‘HENIX Treasure’ is plannec
with the aim tocontribute to the qualification athe
material: and the conce of the ASTRID assemblies

In this framework, we can mention the PIE progr:
on MATINA 2/3 pins dedicated to the Reflec
development with magnesium oxide pins or the
program on HENIX standard fuel dedicated to CEA fi
modelling code improvement (CEA fusimulation tool
callec GERMINAL).

We can also mention PIE program on ZEBRE |
then on PAVIX 8 irradiated fuel pi® which the mair
goal is the validation of the axially heterogeus fuel
behavior. ZEBRE and PAVIX 8 fuel pins were inde¢
constituted, like ASTRID pins, by fertile and fiss
columns distributed axially along the p

The Burr-Up reached at the end of PAVIX
irradiation was about 12 to 13 at% close to the REX
internal core fuel pin average Br-Up.

The PIE program on ZEBRE fuel pins was alre
performed in CEA ot laboratory (sefigure 1%) and the
PAVIX 8 PIE program is underway and will |
completed at the end of 201
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N .
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column column

Fig. 13 Metallography- ZEBRE Fuel Pellet—
fissile/fertile interface (12.1 at ¢

All the fuel PIE results obtained orHENIX and
SUPER RHENIX pins will allow reaching TRL 5/6 levt
and the experimental irradiation tests planned u
representativ conditions in JOYO or BN 600 reactc
will complete the fuel pin qualification by confiation of
the ir-pile fuel behavior step and will ow achievinc
TRL6 level. The TR7 and 8 levels will be reachediry
ASTRID operation through the carrying out the
Performance Rise Pl

[V. CONCLUSIONS

The qualification which has to be performeis an
important task especially when the industrial projis
integrating several significant innovative optio

In addition, in ASTRID case, due to its wide nurr
of engineeringparticipants, it wanecessary timplement
standardized ualification  proceses  concernin
equipment and systems as well as simulation t

The qualification approachmust be attentive to tt
evolutions of choice options of the proj throughout its
progres.

The prioritization among the different needis
absolutely necessary, because every project hasand
time constraints

Thus, the evaluation of a reasonable but accep
level of performance in regards with the plannedCk
program will lead to prioritize the actions andidentify
several major project risl
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ACRONYMS

ASTRID: Advanced Sodium Technological Reactor for

Industrial Demonstration

AVP2:  Conceptual design studies, phase 2

CEA: French Atomic Energy Commission

CFD: Computational Fluid Dynamic

CPHE: Compact Plate Heat Exchanger

DB-HIP: Diffusion Bonding by Hot Isostatic Pressing

HX: Heat eXchanger

IHX: Intermediate Heat eXchanger

IRL: Integration Readiness Level

JAEA: Japan Atomic Energy Agency

MRL: Manufacturing Readiness Level

PCS: Power Conversion System

PIE: Post Irradiation Examinations

R&D: Research and Development

RBA: Internal and external fuel assemblies

RBC: Independent fast-acting automatic reactor
shutdown systems

RBD: Diversified fast-acting automatic reactor
shutdown systems

RBH: Complementary safety devices

RBN: Reflector assemblies and the lateral neutroni
protection

RIAR:  Research Institute of Atomic Reactors

SFR: Sodium Fast Reactor

SGHE: Sodium Gas Heat Exchanger

SRL: System Readiness Level

ST: Simulation Tool

TH: Thermal Hydraulics

TRL: Technological Readiness Level

VVUQ: Verification, Validation and Uncertainties
Quantification
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