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ENEA activities on SMRs Technology

In-depth studies for the characterization of the passive systems modeling from the
experimental and computational point of view including reliability assessment.

• Thermal-hydraulic codes validation (TRACE, RELAP, CATHARE)
• Scaling analyses to characterize the code scaling-up capabilities
• Severe Accident Simulations

works on improving numerical tools to accurately
simulate some of the most promising safety passive
systems.

develop methodologies and tools to facilitate the safe
and efficient integration of SMRs into smart low-carbon
hybrid energy systems.

aims to investigate the applicability and transfer of the
operating large LWR knowledge to the integral PWR
(iPWR).

Participation in 
European 
projects

PASTELS

TANDEM

SASPAM-SA
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 Full scale facility located at SIET Laboratories  (Piacenza)

 PRIMARY SIDE: Vessel (43 m3, 13 m height), steam Feed line (10 in), condensate Drain line (6 in), full scale model of SBWR 
IC heat exchanger (two cylindrical headers and 120 vertical pipes (5 cm OD, 1.8 m average length)

 SECONDARY SIDE: HX pool (29 m3) and Overall Pool (173 m3, 5.8 m height) connected at the bottom by a liquid line (0.2 m 
ID) and at the top by a steam duct (1.1 m ID) ending with an injector flowing into the Overall Pool about 1.3 m below the water 
level

Experimental Facilities: PERSEO
(in-Pool Energy Removal System for Emergency Operation)

Passive system in operationPassive system not in
operation



VAPORE Facility 
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Designed for full-scale thermal-mechanical and fluid-dynamic tests on components and 
systems feeded by saturated water or steam.

Activity planning
• 2000 stop of operations
• 2025-2027 facility refurbishment 

and uprating up to 3 MW, funded 
by MASE

• 2027 sparger test

• Power 1.4 MW
• Pressure 18 Mpa
• Steam flowrate 300 kg/s
• Liquid flowrate 600 kg/s
• Pool 400 m3

• PRZ Ø 2 m, h 12.6 m (PWR full scale)

Examples of past experiences
• Safety valves and spargers of 

Montalto di Castro NPP
• Depressurization system of WH 

AP600



Experimental support at SIET for safety assessment of SMR 
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 SPES2 (1992 - 1994): Integral Test Facility for
WEC AP-600 simulation. Full T-H conditions,
Volume and power scale ~1/400; Full height.

 GEST-PANTHERS (1994 - 1996): Isolation
Condenser qualification for GE-SBWR at full
scale and full T-H conditions.

 SPES3-IRIS (2005-2011): helical coil testing
and Integral Test facility design and partial
construction

SPES3

The SIET company has been involved in several experimental 
campaigns in the last tree decades:

RWST

DW

RC

PSS

RPV EB
T

EHRS
ADS

Containment

Helical coils

PANTHERS-IC

SPES2
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Experimental support at SIET for safety assessment of SMR 

- NuScale Power TF1 and TF2 (2011 – 2015
and 2020 - 2024): helical coil testing and
helical coil steam generator mock-up
characterization at full scale (reduced number
of tube row) and full T-H conditions.

- NuScale Power TF3 (2017 - 2024): Helical
coil steam generator mock-up at full scale
(reduced number of tube row), cold
conditions, for Fluid Induced Vibrations
investigation.

- HERO and HERO-2 (2015 - 2017): Testing of
bayonet tubes for Liquid Metal Reactor Steam
Generator.

- SIRIO facility (2018 - 2021) and PIACE
European project (2019 – 2022): Testing of a
passive “anti-freezing” system for a DHR in
Liquid metal cooled reactors and in LWRs.

TF2 under construction

TF3

PIACE
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Experimental support at SIET for safety assessment of SMR 

ELSMOR European Project H2020 (2018-2023)

ELSMORELSMOR aimed to create methods and tools for the European
stakeholders to assess and verify the safety of light water SMRs to be
deployed in Europe.

In the frame of the improvement of the European experimental      
infrastructures,  SIET designed, built  and operated a facility to test an 
innovative DHRS based on a plate-type heat exchager in a reduced 
elevation natural circulation loop for the E-SMR (Nuward type).

Towards European Licensing of Small MOdular Reactors 

Several tests were executed for system performance verification:
 tests at different primary side temperatures;
 test at different filling ratios of the secondary side;
 tests with non-condensable gas in the secondary side;
 tests with different pressure drops in the piping, primary and secondary side;
 tests with different levels and temperatures in the HX-Pool;
 tests with two-phase conditions in the primary side (steam in the Separator).
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EAGLES
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ALFRED and FALCON Consortium

A facility devoted to the 
testing and qualification of 

systems and procedures for 
the handling of core elements

Hands-ON

A broad-scope 
laboratory on the 

chemistry of HLMs and 
materials science

ChemLab

A hot facility to 
characterize 

radioisotopes 
behavior in Lead 
under accident 

conditions

Meltin’Pot

The largest pool facility in the 
world, for large-scale components 
testing in representative conditions

ATHENA

A pool facility for 
long-term 

experiments, 
to characterize the 
components and 

systems

ELF

A loop facility for full-scale 
testing and complete thermal-
hydraulic characterization of 
fuel and absorber assemblies

HELENA-2

Under Construction (22 M€)

Funding secured (> 100 M€)
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ATHENA Facility

the first step of ALFRED experimental infrastructure 
 2.21 MW Core simulator 
 Full height bayonet tube heat exchanger  
 Main Vessel hosting 800 tons of lead 

Experiments to be performed: 
 Fuel assembly performance
 Chemistry control in large pools 
 SGTR
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newcleo

LFR-AS-30

PRECURSOR



ENEA – newcleo Agreement
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Objective of the Agreement: PRECURSOR (electric LFR prototype) at 
the ENEA Brasimone Research Centre



ENEA – newcleo Agreement

13

CAPSULE
operational since December 
2023

Facility to test various kinds of steel, bare and coated, in stagnant lead under oxygen-
controlled concentration, essentially between 10-8 - 10-6 wt %; temperatures span between
450 - 750 °C

CORE
200 kW
operational in March 2024

Loop-type facility to test various kinds of steel, bare and coated, in fluent lead under
oxygen-controlled concentration, essentially between 10-8 and 10-6 wt %; temperature in the
corrosion test section 650 °C and velocity 1 m/s; in the erosion test section the temperature
is 520 °C and the velocity 10 m/s.

It will also be used to test the effectiveness of cold traps and mechanical filters

OTHELLO
2 MW
operational in 2026

Loop-type facility with a Fuel Pin Bundle Simulator and a mock-up of newcleo Steam
Generator with three full length tubes. It will be used to test a Fuel Pin Bundle Simulator to
validate thermal-hydraulic computer codes, to appreciate the consequences of partial inter-
pins obstructions, to check the risk of fluid induced vibrations.

Also, to test the behaviour, both lead side and water/steam side, of the Steam Generator

PRECURSOR
10 MW
operational in 2027

Pool-type integral test facility with an electrical resistors bundle, and three Steam
Generators at a thermal reduced scale, and the associated turbine-generator set. It will be
used to test the global behaviour of the plant in stationary and transient mode, the inset of
lead flow both in hot and cold plenum and of possible stagnant zones, the effectiveness of
the DHR system, test various mechanisms as the control rods

MANUT
conceptual phase

It is a “cold” facility to test the fuel hanging and handling systems as well as the rotating
plugs operation during refuelling campaign. This facility is just at a first conceptual draft.



Westinghouse LFR: AMR Phase 2 Program (UK)
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 The VLF is a Pb loop test facility to be 
used for testing key components of the 
Westinghouse LFR, e.g.,

• Fuel bundle mockup 
• Primary heat exchanger

 The PHRF is a test facility simulating the 
Westinghouse LFR’s Passive Heat 
Removal System (PHRS)

 Lead Freezing test rig 
 Heat exchanger failure testing
 High Temperature Lead Corrosion Test VLF PHRF

ANSALDO Nuclear 

Westinghouse
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FDS Team (CASHIPS – China)
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FDS Team (CASHIPS – China)

CLEAR-S Pool
LBE pool (300°C – 400°C)
MCP @ 220 kg/s , 2,5 bar
CS (7 FPS) @ 2,5 MW
DWBT HX @ 100 bar



Mariano Tarantino
mariano.tarantino@enea.it
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