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GENERAL

Passive systems:

o Widely used in Gen-III+ reactors;

o Design simplification and cost competitiveness;

o No human intervention or power source is needed to cope with system operation (category 
D, i.e. typically based on active initiation). Considering the different  degrees of passivity, 4 
categories have been identified in  IAEA-TECDOC-626, 1991

o Significant reduction in the residual probabilities of core meltdown and radiological releases 
into the environment. 

SMR and AMR specific features, strengthen the suitability of passive safety systems to reinforce 
the first three DiD levels: e.g. 

o Lower core power; 

o Integral design of the primary system;

o Large core surface-to-volume and coolant inventory-to-power ratios; 

o Fuel design.
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Past and on-going activities
Multiple domestic and international collaborative activities are in progress or have been already done in 
relation to SMR and AMR passive systems: e.g.

o H2020 EURATOM: e.g. 

 ELSMOR (Towards European Licencing of Small Modular Reactors | ELSMOR Project | Fact
Sheet | H2020 | CORDIS | European Commission (europa.eu),

 PASTELS (PAssive Systems: Simulating the Thermal-hydraulics with ExperimentaL Studies -
Home (pastels-h2020.eu));

 MCSAFER ( Home - McSAFER project (mcsafer-h2020.eu) );
 PIACE (https://cordis.europa.eu/project/id/847715/it). 

o IAEA: e.g. ICSP on “Integral PWR Design Natural Circulation Flow Stability and Thermo-hydraulic 
Coupling of Primary System and Containment During Accidents” ( Evaluation of Advanced 
Thermohydraulic System Codes for Design and Safety Analysis of Integral Type Reactors | IAEA);

o OECD/NEA: e.g. “Status report on thermal-hydraulic passive systems design and safety assessment” 
that includes a benchmark on PERSEO ( NEA - NEA/CSNI Documents (oecd-nea.org));

o SNEPT; e.g. the “strategic research and innovation agenda” ( SRIA-SNETP-1.pdf);

o WENRA: issued a report in 2018 on Regulatory Aspects of Passive Systems (
rhwg_passive_systems_2018-06-01_final.pdf (wenra.eu))
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https://cordis.europa.eu/project/id/847553/it
https://www.pastels-h2020.eu/
https://mcsafer-h2020.eu/
https://cordis.europa.eu/project/id/847715/it
https://www.iaea.org/publications/10658/evaluation-of-advanced-thermohydraulic-system-codes-for-design-and-safety-analysis-of-integral-type-reactors
https://www.oecd-nea.org/nsd/docs/indexcsni.html
https://snetp.eu/wp-content/uploads/2021/09/SRIA-SNETP-1.pdf
https://www.wenra.eu/sites/default/files/publications/rhwg_passive_systems_2018-06-01_final.pdf


EC1 – Need
Two interrelated needs on passive systems in general and for SMRs specifically:
o Safety assessment:

 Reliability of passive systems;
 Deterministic safety analyses.

o Qualification of computational tools including metamodels.

Deterministic analysis codes: key elements used to develop safety analyses:
o Results have to be properly qualified;
o Uncertainty of the results should be quantified;
o Qualification highly relies on experimental support within the range of application.

Four main specific subtopics/needs have been identified considering the current State-of-Art: 
o Experimental assessment database;
o Code modeling;
o System reliability; 
o System designs and engineering process. 

4



NEEDS-Experimental assessment database

SMRs and AMRs, are in general characterized by:
o Common features with current generation reactors:

 it is necessary to identify which existing database 
can be used for the assessment of existing 
computational tools and characterize its 
representativeness. 

o Features typical of their design:
o Containment process and interactions with the 

RCS; 
o Low pressure phenomena; 
o Phenomena related specifically to new system 

components or reactor configurations) 
 It is necessary to review the current available 

experimental facilities, specifically developed for 
passive systems investigation, and to analyze the 
representativeness of the data. 
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NEEDS-Experimental assessment database
Screen the facilities and their T-H characterization objectives;

Investigate their suitability to meet the specificities of the different types/requirements 
of SMR and AMR around the world;

Possibility of building new European test facilities or adapting already existing ones for 
new specific test campaigns;

Strengthening the experimental capabilities of European stakeholders;

Large ITF and SETF should be considered, and the scaling issue should be addressed:
o Use state-of art scaling methods (e.g. H2TS);
o Minimize the scaling distortions due to the scaling approach used; 
o Consider counterpart/similar test;
o Full-height scaling and suitable flow areas are in general recommended ( e.g. boiling-

and condensation-processes, and buoyancy effect due to density change).
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NEEDS-Computational tool perspective

Identify current modeling 
limitations:

o Codes need to be proven 
able to accurately predict 
the T-H phenomena typical 
of advanced designs as: 
• Integral configuration;
• Passive mitigation 

strategy. 

o Review of the 
model/constitutive 
equations implemented in 
the codes (or passive system 
models already developed 
but still not implemented in 
the codes) and their 
representativeness. 
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EXAMPLE:
Integral configurations 
and passive system 
loops (e.g. PD at 
different mass flow 
rate, etc)- OSU-
MASLWR data VS 
TRACE

EXAMPLE: Strong 
coupling between the 
RCS and the 
containment in DBA 
and BDBA condition-
OSU-MASLWR data VS 
TRACE 

HPClevel

RPV level



NEEDS-Computational tool perspective
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 In PhW2 of Test 7 Part 2, the computed
exchanged power is nearly half of the
experimental one (around 10 MW instead of
20 MW).

 In order to correctly predict the heat
transfer, and the transient progression, a
correction factor for the condensation heat
transfer coefficient is needed.

 After the application of the correction factor
("fouling factor") the code is able to
qualitatively and quantitatively predict the
heat transfer in the heat exchanger.

PERSEO and full-scale heat transfer phenomena of in-pool heat 
exchangers (tube-side and pool-side)

OSU-MASLWR and Helical Coil Compact SG



NEEDS-Computational tool perspective
Major sources of uncertainty in code modelling need to be identified and 
characterized. 

Scaling issue should be addressed (e.g., validation of the codes with experimental 
data at different scales). 
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EXAMPLE:
Core outlet 
temperature-
OSU-MASLWR 
data VS TRACE

EXAMPLE:
Primary volumetric 
flow rate - OSU-
MASLWR data VS 
TRACE

EXAMPLE: Loop characteristic
time constant

EXAMPLE: Richardson number

Example:
assess the scaling-up capability of the OSU-
MASLWR nodalization against natural circulation
phenomenology  numerical scaling if no 
counter part test are available



PIACE Project: supporting development of innovative 
passive safety systems

10

 PIACE project: 
o Grant agreement ID: 847715
o 12 partners / 3.2 M€ costs / 2.2 

M€ EU contribution

 Challenges
o LFR: Protect primary system from 

early coolant freezing when
removing decay heat in passive 
mode 

o LWR: Protect primary system from 
mechanical loads when injecting
cold water in passive mode

 Solution
o Isolation condenser based DHR 

able to passively control heat
rejected to the final heat sink by 
means of noncondensable gases

Testing of innovative DHR ongoing at SIRIO facility in 
SIET (Italy) 



NEEDS-Reliability / Design and engineering process

Reliability:

o Review the methodologies currently used (e.g., REPAS and RMPS), support their use in the 

industries, and start detail studies to characterize the different transient scenarios;

o Assess functional failure related to the T-H phenomena driving the operation of the systems and 

assess the related uncertainties.  

o From the deterministic safety methodology, it is important to define requirements and 

appropriate methodologies to model the system behaviour and its dependencies to the variation 

of accident conditions, without over-conservatism (including aggravating events). 

Design and engineering process:

o Reduce the width of uncertainty bands on the key parameters driving the physics of passive 

systems in DBC and DEC conditions;

o Characterize the entire spectrum of T-H conditions, that can take place along a transient, and that 

can affect the passive system target safety function fulfillment. 

o Validated codes have to be used and the model uncertainty has to be limited.
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GAPS: Experimental assessment database 
Even if some large experiments in the world have been done for characterizing the T-H 
phenomena of passive system, only few experimental data have been currently used by the 
international community.

There is a lack of available experimental test campaigns on which we can rely for an exhaustive 
evaluation of the State-Of-Art T-H codes (some nuclear actors have built their own test facilities 
but the results are not public). 

There is the needs of:

o Large scale facilities characterized by low uncertainty measurement at low flow regime;

o Experiments characterized by well-instrumented tests for validating CFD in relation to 3D 

phenomena (e.g. mixing with buoyancy effects);

o Produce high-resolution data still needed to advance the fundamental understanding of  

phenomena (e.g. flow boiling and two-phase flow, conjugate heat transfer, …..) typically 

relevant for passive systems in advanced reactor concepts.
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ITF simulating advanced PWR main characteristics 
related to scaling approach and methodology
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Facility Reference Reactor Scaling Approach Scaling Method Counterpart
/similar Test ICSP-ISP

PWR PACTEL EPR Like-4L RPw, RPr, NNC, RNL, S-W

ATLAS APR1400 - 2L
(1HL-2CL)

TNP, RH, RPw, FPr, NNC,
ELN, ECLN, S-W Three-level scaling YES

SNUF APR1400 - 2L
(1HL-2CL)

RH, RPw, RPr, NNC, ELN,
ECLN, S-W Three-level scaling

APEX AP600-2L (1HL-2CL) TNP, RH, RPw, RPr, NNC,
ELN, ECLN, S-W H2TS YES

SPES-2 AP600-2L (1HL-2CL) TP, FH, FPw, FPr, NNC, ELN,
ECLN, S-W

P-to-V (Kv)

Modification of SPES
CT, ST

ROSA-AP600 AP600-2L (1HL-2CL) TP, FH, RPw, FPr, NNC, ELN,
NCLN, S-W

P-to-V (Kv)

Modification of LSTF
YES

OSU-MASLWR MASLWR -IWCR TP, RH, FPw, FPr, NNC, I,
S-W-A H2TS IAEA 

ICSP
VISTA-ITL SMART-IWCR TNP, RH, FPw, FPr, NNC, S-

W Three-level scaling

FESTA SMART-IWCR TP, RPw, FPr, NNC, S-W Three level scaling
IST mPOWER IWCR TP, FH, FPr, NNC, S-W

OSU MASLWR: Upper region of the hot leg riser has an OD equal to 114.3 mm;
NIST: A modification of the OSU MASLWR facility and used for the simulation of NUSCALE IWCR and TP, RH, FPw, FPr, NNC, I, S W A are the main characteristics

Nuclear Energy Agency (NEA) - Scaling in System Thermal-Hydraulics Applications 
to Nuclear Reactor Safety and Design a State-of-the-Art Report (oecd-nea.org)

https://www.oecd-nea.org/jcms/pl_19744/scaling-in-system-thermal-hydraulics-applications-to-nuclear-reactor-safety-and-design-a-state-of-the-art-report?details=true


SETF EXAMPLES
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Several facilities have been constructed to test various systems and components of current and 
advanced reactors. 

Concerning NuScale design, for example, 
o Two experimental activities have been conducted at SIET (Italy) to characterize the thermal 

hydraulic behavior and structural dynamic conditions of the helical coil SG. 
o Two experimental campaigns use full length SG helical tubes with high pressure and temperature.

Concerning SMART design, for example: 
o SCOP facility (SMART Core flow distribution and Pressure drop test facility) was adopted to verify 

the core inlet flow rate and pressure distributions, 
o SWAT facility (SMART ECC Water Asymmetric Two-phase Choking Test Facility) was adopted to test 

ECC bypass and 
o FTHEL facility (Freon Thermal Hydraulic Experimental Loop) was used to derive a database for CHF 

and to verify the DNBR model in the safety analyses and the core-design codes adopting a 5x5 rod 
bundle . 
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SETF EXAMPLES- First-of-a-kind helical coil steam 
generator (HCSG) for use in NuScale Power's

SIET - Sperimentiamo le tue idee

A full-scale, first-of-a-kind helical coil steam generator (HCSG) for use in NuScale Power's small modular 

reactor (SMR) design is set to undergo performance tests at SIET.

https://www.siet.it/news-169/previous-news/smr-design-performance-tests-at-siet.html


GAPS: Code Modelling assessment
State-of-art tools have been evaluated against current operating reactor phenomena and the 
validation of the DSA codes for all passive system operation mode will be necessary and relevant 
for several challenges to complete.

Some activities have been done or are currently in progress in domestic and international 
collaborative framework to assess the capability of code for specific passive system phenomena.

Efforts still should be made to exhaustive validate state-of art codes with the specificities of 
passive systems (low pressure, natural circulation, condensation heat exchange, ...). 

Currently there is still a need to develop specific models for new reactor configurations and 
components available in the SMR and AMR designs (integrated RPV and flow distribution,  etc). 

Dedicated large scale facilities will be needed to evaluate the capability of the codes to accurately 
reproduce:
o Integral configurations and passive system loops (e.g. PD at different mass flow rate, etc);
o Strong coupling between the RCS and the containment; 
o 3D phenomena.
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GAPS: Reliability and Design and Engineering processes
Reliability:

o Functional failures are addressed by SMR designers but must be considered also in 
an independent safety review process. 

o In relation with deterministic safety demonstration:

 Guidance on requirements specific to passive systems and their features 
(activation, no external power, …); 

 Guidance on the methodologies appropriate to model the system failure modes.

Design and engineering processes:

o Characterize passive systems initial conditions; 
o Investigate if installed they meets the required performances in accident conditions;
o Generalize using validated codes their use from DBC to DEC scenarios including 

extreme events;
o How to manage their maintenance. 
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Infrastructure
Currently different test facilities are used in the world. 

In Europe examples are: 

o INKA (Framatome, Germany); 
o THAI (Becker technologies, Germany);
o PANDA (PSI-Switzerland); 
o PKL-SACO test facility (Framatome, Erlangen);  
o PASI and MOTEL test facility (LUT, Finland);
o PERSEO and HERO2 (SIET, Italy);
o NACIE, CIRCE, HELENA (ENEA, Italy). 

Outside from Europe examples are: 

o OSU-MASLWR (OSU-USA, today called NIST);  
o FESTA (KAERI- KOREA).
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Milestones
Review all the T-H phenomena taking place in SMRs and AMRs of EU interest; 

Identification of new experiment needs and associated experimental facilities (SETF and ITF); 

Identified code development needs; 

Implement code modifications on the State-Of-Art codes; 

Assessment of the ability of numerical tools to simulate the passive systems with a high fidelity 
level; 

Common definition of methodologies to model passive systems for both deterministic and 
probabilistic safety analysis purpose; 

Promotion of international collaboration to achieve a fully harmonized approach concerning 
passive systems for SMRs and AMRs.
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Current Discussion in the Group is about the Interfaces
Within the WS5 possible interfaces are with:

o Core/fuel topic (for advanced design inherent property of core materials, conduction and structural 

integrity, radiative heat transfer)

o Severe accident topic: (e.g. identification of plausible / postulated scenarios, Combination of 

deterministic and probabilistic methods)

In relation to other WS, possible interface is with: WS2: Licensing. Within the WS2 possible interfaces are,
for example:

o Regulatory review and assessment of passive safety systems to identify good practices and knowledge 

gaps;

o Harmonize national approaches to regulating passive safety systems qualification;

o Extent of experimental justification to demonstrate passive system performances (verification and 

validation of computational tools);

o Applicability of single failure criteria to passive systems;

o Specific requirements for passive systems reliability analyses;

o Specific requirements for functional testing of systems in FOAK, as well as for periodic testing.
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