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Water Cooled Reactors: Key Activities
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• Technical Meetings and publications on topics of 
programme mandate

• ARIS and THERPRO data bases
• CRPs and publications
• Education courses and corresponding course booklets with 

hands-on exercises and train-the-trainer approach to human 
capacity development in Member States

Information Exchange

• PC based basic principle simulators learning dais
• Education courses booklets for standardized teaching and 

instructions on learning-by-doing practices with simulators
Knowledge Preservation 

• 10 PC based basic principle simulators in supporting 
education and training courses on physics and technology of 
WCRs in Member States

• Joint ICTP-IAEA Courses on Scientific Novelties in the 
Phenomenology of Severe Accidents in Water Cooled Reactors

• eLearning tools

Education and Training

• CRPs on simulation codes for NPP designs and severe accients
• Technical Meetings on severe accidents modelling and 

simulations codes, spent fuel pools and SAMG-D toolkit

Modelling and 
Simulations

• CRPs on SCWRs technology development, multi-unit PSA, pipe 
failure rates estimates for advanced WCRs…Technology Support

Development of 
Methodologies

• Reactor Technology Assessment (RTA): Toolkit, interregional and 
national workshops and training courses, new NES
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What is ARIS?

Advanced

Reactor

Information
System

https://aris.iaea.org/



General Scope of Information

The IAEA Advanced Reactors 
Information System (ARIS)

Member States interested in having 
ready access to the most up-to-date 
information about all available NPP 
designs, and important 
development trends.

ARIS is web-accessible database 
that provides balanced, 
comprehensive and up-to-date 
information about advanced NPP 
designs and concepts: reactors of 
all sizes and all types from 
evolutionary NPPs for near term 
deployment, to innovative 
concepts still under development.
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BACKGROUND ON ARIS DATABASE



40 SMR DESIGNS IN ARIS DATABASE

Search Tabs



Current Booklets
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SMR Booklet 
is published 
every 2 years

Large WCR and FR are 
published as-needed



New ARIS Design 
& Inputs for 
Booklet

14



THERPRO DATABASE
THERPRO is a web-based on-line database (http:/ / therpro.iaea.org), 
providing thermo-physical material properties data to the registered users 
in IAEA Member States since 2009

11,000 property data set for ~1,600 materials 



HISTORY OF THERPRO DATABASE DEVELOPMENT

1990
• IAEA 1st CRP on ‘Thermo-physical properties of materials for water cooled reactors’ 

(1990-1994)

1997
• DOS-based THERSYST maintained by the Institute for Nuclear Technology and Energy 

Systems, University of Stuttgart in Germany (1997-2000)

1999
• IAEA 2nd CRP for data assessment, web-based online database was proposed  

(1999-2003)

2004
• Web-based THERPRO DB serviced by Center for Nuclear Materials Database (CNMD) 

at Hanyang University in Seoul, Korea

2009
• Financial support by the Ministry of Science and Technology of the Government of the 

Republic of Korea (2009-2011)

2012 • New version of THERPRO launched

2015 • Financially supported by the Korean Government (20141201-20170131, 26month)

2018 • Data updated as of 2017



THERPRO DATABASE STRUCTURE

Element

Compound

Property

Author

Report

Biblio. Info.

THERPRO database hierarchical structure consists of several levels: 
element, compound, property, author, report and bibliography.

· Thermal conductivity 
· Thermal diffusivity
· Specific heat capacity
· Enthalpy
· Density
· Linear thermal expansion
· Linear expansion coefficient
· Volumetric thermal expansion
· Volumetric expansion coefficient

· Electric resistivity
· Lorentz number
· Absorptance
· Reflectance
· Refractive index
· Emittance
· Extinction coefficient
· Transmittance

Database 
platform

Compiled Properties

Thermal conductivity of UO2 Density of UO2



THERPRO DATABASE USERS
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Understanding Technology
IAEA Tools & Training Courses 

20

IAEA approach: basic principle 
simulators that provide a thorough 
learning about general concepts and 
physical processes in nuclear power plant:

 Operational characteristics 
 Reactivity control systems
 Safety systems
 Responses to transients and accidents 

Advanced PHWR Simulator

IAEA ARIS data base provide detailed 
descriptions about advanced reactor 
concepts including all reactor designs:

• PWR
• BWR
• SCWR
• PHWR
• VVER
• SMR
• MSR
• FR



Application of Basic Principle Simulators

21

The use of the IAEA PC based basic principle 
simulators in education and training is aimed at 
enhancing understanding of nuclear technologies 
through learning-by-doing:

Hands-on experiential training is highly suitable for 
operators, maintenance technicians, suppliers, 
regulators and engineers.

Train the Trainer Base for Technology Assessment

IAEA 10 Basic 
Principle 
Simulators

To learn BUT not to use to assess technologies



Technology development for water cooled reactors

Human Resource Development and Capacity Building in Member States
Active Learning Though Education and Training Courses on Various 

Topics and with the Use of PC Based Basic Simulators in
Understanding Physics and Technology of WCRs/FRs/HTGRs

Manuals and Training Course Series



IAEA Basic Principle Simulators

23

https://www.iaea.org/topics/nuclear-power-reactors/nuclear-reactor-simulators-for-education-and-training



SMR Basic Principle Simulator: Free Distribution

24



Technology development for water cooled reactors

2018

2017



2019 Training Courses and 
Scientific Visits [TC support]

15 – 19 April, 2019    
Beijing, China
National Training Course on 
Hydrogen Management in Severe 
Accidents in WCRs

[T. Jevremovic]
The purpose of the event is to 
provide a comprehensive training 
on physics and technology of 
hydrogen generation, propagation, 
combustion and mitigation 
processes in WCRs with modern 
and state-of-the-art simulation tools

8 – 12 April, 2019     
Wuhan, China
Regional Training Course on 
WCR Technologies and 
Educational Simulators

[A. Miassoedov]
The purpose of the event is to provide a 
comprehensive training on physics and 
technology of water cooled reactors 
using educational and training 
simulators and provide theoretical 
teaching about various advanced water 
cooled reactor technologies and design 
concepts with practical demonstrations 
of various operation conditions 
including extensive group exercises and 
projects designed to assure the 
understanding of presented concepts

17 – 27 February, 2019
University of Sharjah, 
Sharjah, UAE
Regional Training Course on 
PWR Technologies Using 
PC Based Basic Principle 
and GlassTop NPP 
Simulators

[M. Krause]
The purpose of the event is 
to provide a comprehensive 
training on physics and 
technology of PWRs using 
PC based basic principle 
simulators and the GlassTop
simulators

24 – 27 September, 2019
Hanyang University, Seoul, 
Republic of Korea
Regional Training Course on 
Science and Technology of Water 
Cooled Reactors and Introduction 
of Supercritical Water Cooled 
Reactor Concepts

[T. Jevremovic]
The purpose of the event is to provide a 
comprehensive training on physics and 
technology of evolutionary and 
innovative WCRs and introduce various 
conceptual designs of SCWRs

9 – 13 September, 2019
Beijing, China
Regional Training Course on 
Science and Technology of 
Passive Safety Systems in 
WCRs

[M. Krause]
The purpose of the event is 
to provide a comprehensive 
training on physics and 
technology of passive safety 
system designs in 
evolutionary and innovative 
WCRs

9 – 13 September, 2019
Raleigh, North Carolina, USA
Regional Scientific Visit on the 
State of Current Knowledge of 
Advanced Nuclear Power 
Reactor Designs with 
Educational Tools Supporting 
Regional Human Capacity 
Development

[T. Jevremovic]
The purpose of the event is to 
provide a comprehensive overview 
on physics and technology of water 
cooled reactors through scientific 
visits of various facilities, technical 
tours, discussions and lectures on 
technology, simulation codes and 
plant simulators provided uniquely 
by the host institution

4 – 8 November, 2019
State College, Texas, USA
Regional Scientific Visit on the 
State of Current Knowledge of 
Advanced Nuclear Power 
Reactor Designs with 
Educational Tools Supporting 
Regional Human Capacity 
Development

[M. Krause]
The purpose of the event is to provide 
a comprehensive overview on physics 
and technology of water cooled 
reactors through scientific visits of 
various facilities, technical tours, 
discussions and lectures on 
technology, simulation codes and 
plant simulators provided uniquely by 
the host institution

[A. Miassoedov]

10 – 14 June, 2019
VIC, Vienna
Regional Training Course on 
RTA for SMRs

[T. Jevremovic, F. Reitsma] 26



Technology development for water cooled reactors
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Technology development for water cooled reactors
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International HOPS School
Enhancing Human Resource Development with Hands-on Learning-by-

Doing Nuclear Power Plant Part-Task Simulators

NPTDS Proposal to 2022-23 TC Project [PCMF, January 2020]
Area: Education and Training, Capacity Building

Supporting Member States with le s s advanced education and 
training nuclear power programmes, by making available  the  
re levant skills , knowledge, programmatic training approaches 
and educational hands-on tools

Overall Objective:

1. The ore tical le c ture s  p rovide d  by NPTDS and  e xte rnal 
e xpe r ts  (deve lope d  countrie s ) on d iffe re nt advance d  
re actor te chnolog ie s , pas s ive  s afe ty sys te ms , s eve re  
accide nts , …

2. Us ing  IAEA’s  PC base d  bas ic  p rincip le  s imulators  to 
te ach the  comple te  sys te m e ng ine e ring  with hands -on 
e xe rcis e s  and  new TCSs

3. FOAK tra ining  and  e ducation approach:
Inte rnational HOPS School
Using IAEA’s part task simulators (HOPS), to simulate  
each system/sub-system with hands-on exercises: 
participants to develop their own part-task simulator 
during the  course  [ develop new TCSs]

Overview             

Theory

Part Task 
Simulator

Basic 
Principle 

NPP 
Simulator

31



SANIS: Simulation and experimental 
Analyses Network Information System

• The SANIS system will contain information on the world’s experimental 
facilities and analytical tools related to operation of water cooled reactors

– Addresses phenomena from normal operation to design extension conditions with core melt
– May include reference data for code development and assessment
– Provide supporting information and documentation, news, activities and links

• Within the system, the database will be structured into sections, dedicated 
to specific phenomena, e.g.

– Reactor physics
– Fuel behavior
– Thermal hydraulics
– Hydrogen distribution, deflagration and detonation
– Codes used for plant analysis
– Learning tools

• The information in the system will be periodically updated directly by 
facility provider or code developer, reviewed and accepted by the IAEA

• The system will be used as a collaborative platform to allow infrastructure 
and facility operators as well as code developers to better identify the 
resources available to them 32



Technology development for water cooled reactors

33

SANIS
Simulation and experimental Analyses Network 

Information System

Codes

• Codes for analysis of plants in normal operation and accident conditions
• Reactor physics, fuel behavior, containment analysis
• Reference data for code development and assessment
• Supporting information and documentation, news, activities and links

Facilities

• Integral and separate-effects test facilities to study conditions from normal 
operation to design extension conditions with core melt

• Thermal hydraulics
• Containment behavior
• Corium behavior
• Fission products 
• Hydrogen distribution, deflagration and detonation
• Accident management

Learning 
Tools

• eLearning Modules (WCR Technology and link to SAMG-D)
• Part task and basic principle simulators
• Links to ARIS and THERPRO databases
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IAEA RTA Methodology

35

2013

RTA Toolkit reflecting the RTA methodology:
• Applicable to training case studies
• Used in the training courses

OBJECTIVE: RTA methodology as a training 
tool supporting capacity building in Member 
States

PURPOSE: RTA as a decision making 
approach providing comprehensive 
information on complexity of  required facts 
& figures for an unbiased assessment of  
reactor technologies

http://www-pub.iaea.org/MTCD/Publications/PDF/Pub1597_web.pdf



National RTA (WCRs and SMRs) Training Workshops 
with Exercises, PC Simulators & ARIS Database

2014

2015

2016

2017

Preparing the new comer countries in supporting their 
national human resource development toward reactor 

technology assessment

Algeria, 
Bangladesh, 
Korea 

Kenya 

Ghana

2018

Saudi Arabia
Jordan

2013
2012

Mexico, 
Kazakhstan 

Chile,
Malaysia
Viet Nam

Saudi Arabia



2012

2013

2015

2018

International RTA (WCRs and SMRs) Training Workshops 
with Exercises, PC Simulators & ARIS Database

2019

SMR Workshop 
(RTA for SMRs) 
European region
15-19 June, VIC

Nuclear Infrastructure 
Interregional Training 
Course (RTA on SMRs)
2 - 11 May, VIC

Interregional Training 
Course on Nuclear Power 
Plant Contract 
Specifications and Reactor 
Technology Assessment 
8-12 October, VIC

First Interregional 
Training Course on Tools 
and Methodologies for 
Nuclear Reactor 
Technology Assessment, 
11-13 July, VIC

Technical Meeting on
Technology 
Assessment for
New Nuclear Power 
Programmes, 
1-3 September, VICTechnical Meeting on 

Technology 
Assessment for 
Embarking Countries,
24-28 Jun, VIC



New RTA Methodology

- Training Approach-

Retasland
Fictitious country providing framework for the RTA training 
describing the national goals, site specifics, grid, …

RTA Training Tables
15 Key Elements and Key Topics with justifications

ARIS Database Reactor Descriptions
As input for RTA training tables



Retasland
Fictitious country providing framework for the RTA training 
describing the national goals, site specifics, grid, …



Retasland
Fictitious country providing framework for the RTA training 
describing the national goals, site specifics, grid, …



IAEA RTA IT-Toolkit

41

Under development

Reactor type
Number of reactors to assess

Selected reactor designs



IAEA RTA IT-Toolkit
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Under development



IAEA RTA 
methodology 
refinement 

New RTA 
Methodology

IAEA NE 
Series

2021/2022

Refining the clarity 
of key elements 

and key topics with 
examples and 
explanations

Refine the key elements 
and key topics and their 

suggested importance for 
SMRs with examples and 

explanations
Refine the RTA 
methodology to 

include the effect of 
non-electric 

applications on 
assessment

Refine the RTA 
methodology to 

include the effect of 
integrated 

renewables with 
nuclear energy 

systems

2019

2019

2020

2020

:

Refinement of the RTA methodology through Consultancy Meetings
including feedbacks from national and interregional RTA training workshops and experts

BOOKLETS on Training Case Studies to publish in 2019
• S/M Retasland and SMR technologies
• L Retasland and AWCR technologies

1st CM
28 – 31 May 2019

2nd CM
Q2 2020
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Summary / Outlook

WCR Team Activities of  Interest to SMRs:

 ARIS Database

 THERPRO Database

 Training and Education: 

 Basic Principle Simulators 

 Training Courses 

 Training Course Series: Booklets and Exercises

 Reactor Technology Assessment:

 Training Courses

 Training Course Materials for SMRs
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