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European frame

AGENZIA NAZIONALE
PER LE NUOVE TECNOLOGIE, LENERGIA
E LO SVILUPPO ECONOMICO SOSTENIBILE

V ESNIIsupports the erection of GEN IV
reactorsin Europe

V ASTRIPSFRill be built in Franceand can
rely on Frenchnationalcontributions

V LFRTechnologyPilot Plant (MYRRHAwill
be built in Belgiumand can rely on Belgian
national contribution. Italian technology is
alsoinvolved

VThe LFR Demonstrator and the GFR
Demonstratorwill be hosted by EastEurope
countries relying on regional EU funds for

R&Dinfrastructures

V Romania offered to host the LFR
demonstrator (ALFRED based on
Italiantechnology

V CzechRepublicoffered to host the
GFRdemonstrator (ALLEGRCbased
on alternativeFrenchtechnology

V Onlyone demonstratoramongALFRERNd
ALLEGR®Ill be endorsedby ESNII

Demonstration Programme for FNR
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Italian strategy

Theltalian R&Dactivitiesin HLMtechnologiesstarted in the
late 90a 6 the ADSProject(ENEAANSALDONFN)aimedto
transmute the long living radio-waste (minor actinides)and

AGENZIA NAZIONALE
PER LE NUOVE TECNOLOGIE, LENERGIA
E LO SVILUPPO ECONOMICO SOSTENIBILE

use them for power production by employment of fast Lgly STB MYRRHA
neutrons | Bl | LR Technolog
In the GENIV scenario,the Italian system (ENEA+ UNIs + " | Pilot Project
Industries)is stronglyinvolvedin LFRechnology ; It Belgium

Severaltalianinstitutionsare involvedin MYRRHA
V ENEAN coredesignandin experimentalTH
V ANSALD® systemdesign

Theltaliansystemis mainlyinvolvedin ALFRED
V ENEAnN coredesignand TH& Safetyassessment “C 7 B

ANSALD® the maindesignerof systemandcomponents 0 i ALFRED

MERIVUS(TECNOMEQyroup) is the designer of main ? LFR Demonstratc

components Romania
FNcontributesin term of componentsdevelopment

CSMcontributesto the developmentof materialstechnologies

CIRTENMontributes on numericalsimulationsand technologies
development

x ENEA, by means of the AdP funds €¢BNland 7 FP EC funds (8M), coordinates the Italian R&D
efforts for LFR technology, mainly for ALFRED

< << <K<

X The perspective is to get 85% of the design and licensing from EU cohesion funds through Rol
Government, and then 85% funds for the erection of ALFRED



Employed Resource

@ Main Partners : CIRTEN,FN,
UNITV,CSMSpA

@ 35 Researcher, Technologist,
Technicianof ENEANvolved into
the project

@ 40Deliverablelssued

@ Synergies
@ FP7 ECProject THINS
@ FP7 ECProject LEADER
@ FP7 ECProject SEARCH
@ FP7 ECProject MAXSIMA
@ FP7 ECProject MATTER
@ FP7 ECProject GETMAT




Conceptualization and System Design

AGENZIA NAZIONALE
PER LE NUOVE TECNOLOGIE, LENERGIA
E LO SVILUPPO ECONOMICO SOSTENIBILE

<

Validation of the GPT (Generalized Perturbation  Theory ) methodology
implemented in the ERANOS neutronic calculation code

FEM-LCORE code development
Validation of thermal -hydraulic of FRENETIC code

DEMO Conceptualisation
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Parametro DEMO AFRODITE

Potenza del nocciolo [MW] 300 300
Altezza attiva [cm] 65 65

Velocita del refrigerante neiottocanali{m/s] 3.0 15

Passo del reticolo di barrette [mm] 8.71 14.10
Diametro della barretta [mm] 11.60

Diametro del foro nella pastiglia [mm]
Raggio della pastiglia di combustibile [mm]

{LSaaaNB RStEOQOAYGSNOFLE 010 015
Spessore della guaina [mm]

Numero di barrette per elemento 28 x 28 6 x 6¢ 4 16 x16c4 x4

Raggio equivalente del nocciolo [cm]

Inventario di combustibile nel nocciolo [t]
Arricchimento medio del combustibile [%] (atteso) 26

Potenza lineare massima [kW/m] 34.84
Burnup dipicco[MWd/kg]




Conceptualization and System Design

A Thedevelopmentof neutronic modelsof simple experimentalsystems,suchas TAPIRO,
constitutesthe basisto developwell-designedexperienceand calibrationmethodologyin
supportof LFRand AD&ctivities

A Tofulfill this scope,averydetailed TAPIR®@nodelhasbeenimplementedasMCNPXinput
deckto reproducethe late experimentalconfigurationson whichthe measurementdave
beenperformed

A The model outcomesin terms of criticality analysis,neutron flux intensity, neutron
spectra,andreactionratesin the irradiation channelshave beencomparedwith the late
measurementdindingan overallgoodagreement

Reinterpretation of the Late SCK-
CEN/ENEA Experimental Neutronic
Campaign on TAPIRO Fast Reactor with
MCNPX




Structural Material and Manufacturing studies
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15-15 Ti mod (Si) Procurement and Preliminary Characterization _
In Europe 15-15Ti CW-20% steels is the reference cladding 7,3 o ¢ "o ammauss
material More than 10,000 pins with oxide fuel and peak L4 0 OOMr'ji OozmpgmaﬂlS,S
claddingtemperatureup to 650f/C havereacheddosevaluesof 1.3 o Mo 0 1.7
100 dpa and 1000 pins have exceeded125 dpawith a max ' 39 @ si o onmavss
valueof 148dpafor an experimentalsub-assembly(217pins) 0.003 O B O OptiMalos 0, 00+

0, 0[§| 8 (F)), (C))lgOp(ﬂrﬁaI0,045
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Structural Material and Manufacturing studies
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Coating characterization

for structural material

uonisodwody Abojoydion

:SA3+N3S -34

PlannedTest
FlowingPbcorrosiontests
StagnantPbcorrosiontests
TensileTests

BendingTests
CreepRuptureTests(in Lead)
Fretting Tests(grid-to-rod fretting)

N o o bk~ w0 DN PRE

Stagnantcorrosiontests of heatingelements

Three point  bending test:
film adhesion



Structural Material and Manufacturing studies
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Manufacturing test for the LFR fuel element development

1. Preliminary  evaluation about the hexagonal
closed fuel element assembling

2. Manufacturing test about the joining of vented
open square fuel element rod and support grid

Detonation Spray Procurement

The fully computer controlled detonation spraying
was successfully applied for different powders
metals (aluminum, copper, iron, nickel, cobalt,
molybdenum, etc.), alloys (steel, cast iron, nickel
chrome, etc.), ceramics(alumina, zirconiumdioxide,
chromeand titanium oxides,etc.), cermets(carbides
of tungsten,chromium,titanium with a binder)



Thermal -Hydraulic
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Thermal -Hydraulic
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Post Test Analysis of ICE Tests

Technical Specification for
the DHR qualification

W
A Stability Investigation l /l,_—l’?::'\i
A Thermathydraulic N
characterization l ‘ ‘/. l

Numerical analysis of the thermal

section by the coupling of a system code and a CFD code

-hydraulic behavior of the ICE test

The analysiswas performed by a one way off-line
coupled model between the RELAPR system code
andthe CFDFluentcode



