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The NEA in Brief – 2021

The NEA and its mission
The Nuclear Energy Agency (NEA) is a semi-autonomous body within the framework of the Organisation for Economic 
Co-operation and Development (OECD), headquartered in the Paris region of France. The Agency is a platform for 
co-operation among countries with the most advanced nuclear energy infrastructures, developing policies, data, 
best practices and joint action to address issues of mutual interest. The mission of the NEA is to assist its member 
countries in maintaining and further developing, through international co-operation, the scientific, technological and 
legal bases required for a safe, environmentally sound and economical use of nuclear energy for peaceful purposes.
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MESSAGE FROM THE DIRECTOR-GENERAL

T hroughmost of the more than six decades during which the NEA and its predecessor served 
member countries as the premier platform for advanced co-operation in the safety, exploration 

and development of nuclear technologies, national organisations – agencies, ministries and 
laboratories – have led the way in determining technology priorities and overseeing advanced 
research, development and demonstration.

This approach brought impressive success from the 1950s to the early 1970s. Most of the 
nuclear energy technology in use today around the world was conceived, developed, demonstrated 
and implemented during this 20-year period. Intergovernmental organisations such as the NEA 
were a vital tool for international co-operation and collaboration that enabled governments to work 
together when desirable.  

Over the decades, the success of intergovernmental co-operation has been undeniable. 
Mechanisms such as the Halden Reactor Project, the Joint Evaluated Fission and Fusion File (JEFF) 
and the “Red Book” provided important services to governments as well as the private sector as 
countries planned for the application of nuclear technologies for future societal benefit.

Today, we are observing a burst of innovation in the nuclear energy area that is unlike anything 
seen since the 1950s. Generation IV technologies, long explored in the laboratories of government 
ministries, are moving from experiment and concept to large-scale demonstration. Small Modular 
Reactors, incorporating lessons learnt from 60 years of experience in commercial operation as well 
as new innovations, insights and technologies from other sectors, are approaching commercial 
reality far sooner than some had predicted. Even modernised Generation III designs are coming 
to market in parallel with the new breeds of nuclear technologies. Products beyond electricity 
generation are coming into view  over the longer term – heat for industry, hydrogen for transport, 
clean water for cities.  

Interest in the possibilities of this innovation is broad and deep. Undoubtedly, some of our 
members have made it clear that they will not consider nuclear energy as part of the coming 
energy transition – and it is appropriate for each country to make its own decisions. Nevertheless, 
growing numbers of countries around the world, in the OECD and beyond, are laying plans to avail 
themselves of the innovations and potential of advanced nuclear energy technologies. Today’s 
widespread and growing concerns about energy security and energy costs only accelerate these 
trends.

However, the challenge for an intergovernmental organisation like the NEA is that much of 
the new innovation and development is taking place in the private sector, often with support and 
encouragement from governments. Our role must adapt to this new order. It is no longer sufficient 
to foster collaboration between public bodies to advance research and technologies. We must also 
support governments in their desire to facilitate private sector success: identifying and removing 
barriers to the promise of a global market; understanding the challenges faced by industry in 
executing plans for the future and helping governments co-ordinate solutions were appropriate; 
and supporting the development of a diverse and gender-balanced generation of scientists and 
engineers who will continue this work into the future.

Thus, the work of the NEA must evolve to meet these more complex needs of its member 
countries.  This evolution is underway today and we will continue to adapt as the needs evolve. We 
look forward to working closely with all of our members as we shape this future together.

William D. Magwood, IV, 
Director-General, Nuclear Energy Agency
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Developments in nuclear power 
generation

At the end of December 2021, 442 power reactors were 
operational worldwide, representing 395 gigawatts electrical 
(GWe) of capacity. NEA member countries had 335 operating 
units, representing 311  GWe, or 80% of total capacity 
worldwide.

In 2021, 5 reactors – Tianwan 6 and Hongyanhe 5 in the 
People’s Republic of China (China), Barakah 2 in the United 
Arab Emirates (UAE), Kakrapar 3 in India, and Kanupp 2 in 
Pakistan – representing a total capacity of 5 050 megawatts 
electrical (MWe), were connected to the grid. Presently, 
51 reactors are under construction, 18 of which are located 
in NEA member countries. New construction projects that 
were begun in China and Türkiye in 2020 continued into 2021. 
Once connected to the grid, these projects will together add 
a further 4.5 GWe of capacity.

Key developments in nuclear energy generation 
throughout NEA member countries during the year 2021 are 
highlighted below:

 • In Argentina, the co-operation agreement for the 
construction of the new 1  150  MWe Hualong One 
reactor at Atucha is making progress despite the ongoing 
impact of the COVID-19 pandemic. The aim is to start 
construction during the second half of 2022. Argentina is 
also planning for the construction of a fifth reactor using 
Canadian CANDU technology.

A 36-month contract between operator Nucleoeléctrica 
Argentina and the National Atomic Energy Commission 
(CNEA) was signed in July 2020 in order to continue 
work on the CAREM-25 small modular reactor (SMR) 
– a modular 100  megawatt thermal (MWt) integral 
pressurised water reactor (PWR). Additional contractual 
arrangements were completed in November 2021 to 
start the construction of the containment building and 
associated concrete structures of the reactor.

Nuclear Technology 
in 2021

Artist’s impression of a small modular nuclear reactor in operation.

NUCLEAR TECHNOLOGY IN 2021

CAREM is a small modular reactor for electrical 
power generation currently under construction 

near the city of Zárate, in the Northern part 
of Buenos Aires province beside the Atucha I 

Nuclear Power Plant. 

Creative Commons, Mariadelmar28
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 • In October 2021 Australia published its Long-Term 
Emissions Reduction Plan, which emphasises a 
technology-led approach to meet its net-zero CO2 
emissions objective by 2050. This covers consideration 
on a range of emerging technologies, including modern 
third and fourth generation nuclear technologies to be 
deployed in the country.

 • Bulgaria’s government in January 2021 approved a report 
proposing the construction of a seventh unit at Kozloduy 
site and suspending the Belene project. A portion of the 
nuclear equipment already purchased for the Belene 
project could be transferred to Kozloduy. 

In November 2021, the US-based Fluor Corporation 
signed a memorandum of understanding with Bulgarian 
Energy Holding related to the potential construction of 
new small modular reactor units in Bulgaria. Notably, 
part of the agreement aims to explore the repurposing of 
existing coal units with SMRs.

The deal came after Bulgaria signed a joint Memorandum 
of Understanding Concerning Strategic Civil Nuclear 
Cooperation (NCMoU) with the United States on 
23 October 2020. The NCMoU states the intent of Bulgaria 
and the United States “to co-operate in support of their 
nuclear industries in order to further develop and maintain 
the infrastructure and human resources capacity for 
responsible use of nuclear energy and technology”. Earlier 
that month, the government had authorised Bulgarian 
Energy Holding to start exploring the possibilities for 
the construction of a new nuclear reactor at the recently 
licenced second site of its Kozloduy power plant. 

 • In Canada, the Federal Government announced over 
CAD 56 million (EUR 41.60 million) in funding to support 
the development of SMRs, through the Strategic 
Innovation Fund and the Atlantic Canada Opportunities 

Agency’s Regional Economic Growth through Innovation 
program. The announcement included CAD 50.5 million 
(EUR 37.51 million) to the Moltex Energy molten salt SMR, 
CAD 5 million (EUR 3,71 million) to NB Power to support 
SMR site preparation at Point Lepreau and, CAD 562 000 
(EUR 417 460) to the University of New Brunswick to 
support SMR technology development.

Canada is well underway with its CAD 25.8 billion project 
(EUR 19.16 billion) to extend the operation of the CANDU 
reactors at Darlington (4 units) and Bruce (6 units). 
The Darlington 3 refurbishment started following the 
completion of unit 2 in 2020.

Ontario Power Generation announced that it has selected 
the GE Hitachi BWRX-300 SMR design for its Darlington 
site, where it aims to complete the country’s first 
commercial SMR project by 2028. 

Molten Energy molten salt small modular reactor (SMR).

United States Department of Energy Nuclear Energy Research 
Advisory Committee 
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 • In the Czech Republic, the government passed a new law 
to allow a minimum 30-year power purchase agreement 
(PPA) for nuclear new build. The PPA will support plans 
for the Dukovany 5 new nuclear reactor, but is designed to 
suit future nuclear projects as well. The government also 
acknowledged the need for more reactors at the Temelín 
nuclear power plant to avoid depending on electricity 
imports, indicating that construction of new units would 
begin in 2030.

 • In the European Union (EU), The European Commission 
(EC) Joint Research Centre (JRC) published the technical 
assessment of nuclear energy with respect to the “do no 
significant harm” criteria of Regulation (EU) 2020/852 (the 
“Taxonomy Regulation”). The report was subsequently 
reviewed by two EU expert groups and concludes that 
“there is no science-based evidence that nuclear energy 
does more harm to human health or to the environment 
than other electricity production technologies already 
included in the EU Taxonomy as activities supporting 
climate change mitigation”.

Building on these findings, the EC announced in April 
2021 that it will propose the inclusion of nuclear energy 
in a complementary Delegated Act of the EU Taxonomy 
Regulation.

 • In Finland, the nuclear regulator (STUK) issued the fuel 
loading permit for the 1 600 MWe EPR unit Olkiluoto-3 in 
March 2021. According to the latest information provided 
by Teollisuuden Voima Oyj (TVO), the start-up of the unit 
is scheduled for January 2022, with regular electricity 
production in June 2022.

An important milestone was reached at the deep geolog-
ical repository (DGR) site at Onkalo, with the start of the 
excavation works of the first five tunnels in May 2021. 
Posiva Oy, the company responsible for the final disposal 
of spent nuclear fuel in Finland, is likely to become the 
first operator of a DGR.

In parallel, the government has created a working group 
to revamp nuclear legislation to better accommodate 
SMRs, including aspects such as licensing and waste 
management. The revision of Finnish nuclear legislation 
could take around five to six years. The results of the 
expert group are expected by May 2022.

 • France plans for nuclear new build are progressing. 
The French transmission system operator (Réseau de 
Transport d’Electricité – RTE) concluded in a report that 
among the six scenarios which were assessed, going 
completely without nuclear presents significant risks of 
not achieving France’s objective of decarbonising the 
electricity mix by 2050 and whatever the scenarios, a 
massive development of renewable energy capacities 
is necessary. Moreover, building new nuclear reactors 
makes economic sense. Building on this report’s 
conclusions, President Macron expressed his wish that 
six EPR2 be built in France and that studies be initiated 
for the construction of eight additional EPR2s in order 
to maintain its energy security and to meet its climate 

change goals. In addition, as part of an investment plan to 
reindustrialise the country, President Macron committed 
to investing EUR 1 billion to “reinvent nuclear power” 
with public support for innovative reactors, including small 
modular reactors.

 • In Hungary, according to the new National Energy 
Strategy and the National Energy and Climate Plan, 
nuclear energy is one of the main pillars of a cost-effec-
tive, climate-friendly, safe and stable energy mix that 
helps to meet environmental goals, and to ensure that 
90% of power generation is carbon neutral by 2030. The 
construction licence application for two nuclear power 
units with VVER-1200 reactors at the Paks site is currently 
under review by the Hungarian Atomic Energy Authority 
(HAEA). The construction phase is expected to start in 
2022/2023, and the commissioning of the Paks II units 
is planned to be completed by 2030. A geological inves-
tigation programme is underway for the siting of a deep 
geological repository for the disposal of high-level waste 
and long -lived radioactive waste in the Boda Claystone 
Formation in the southwest Mecsek Hills. The Public 
Limited Company for Radioactive Waste Management 
(PURAM) intends to complete the site selection process 
for an underground research laboratory by 2032.

 • In Japan, the Cabinet approved the sixth Strategic Energy 
Plan in October 2021. The plan sets the share of nuclear 
power in the generation mix target for 2030 at 20-22%, 
unchanged from the previous revision. As of 2021, 10 out 
of 33 operable reactors have restarted after the Fukushima 
Daiichi accident in 2011. In June 2021, Mihama 3 restarted 
operating. It was the 10th reactor to restart since the acci-
dent and the first to operate in Japan through an exten-

NUCLEAR TECHNOLOGY IN 2021

The Onkalo spent nuclear fuel repository is a deep geological 
repository for the final disposal of spent nuclear fuel, Finland.

Creative Commons
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sion of its initial 40-year operational licence. This reactor 
then suspended operation in October due to delays in the 
construction of the Specialised Safety Facility, an on-site 
backup safety facility to protect against terrorism. The pro-
visional injunction to suspend the operation of Ikata-3 was 
annulled by the Hiroshima High Court in March 2021. This 
reactor then completed construction of the Specialised 
Safety Facility and returned to normal operation in 
October. Also in October, Sendai-1 and -2 began special 
inspections preparing for operational licence extension. 
There are three reactors with a total of 4.1 GWe under 
construction and six reactors with 8.8 GWe under consid-
eration but work on these remains suspended.

Two research reactors also restarted in 2021: Japan 
Research Reactor 3 (JRR-3) in February and the High-
Temperature Engineering Test Reactor (HTTR) in July. At 
the HTTR, the loss of forced coolant (LOFC) experiments, 
an NEA joint project, is scheduled for 2022, and a 
hydrogen production test using high-temperature nuclear 
heat is planned for the late 2020s.

 • Korea completed the fuel loading for the Shin Hanul 1 
nuclear power plant. The unit - the first of two APR-1400 
reactors at the site - is scheduled to enter commercial 
operation in mid-2022. Operator Korea Hydro & Nuclear 
Power Co. noted that Shin Hanul unit 1 is the first power 
reactor in South Korea to achieve technological inde-
pendence through localisation of core facilities such as 
the reactor coolant pump and the plant instrumentation 
and control system.

According to the Long-Term Basic Blueprint for Power 
Supply for 2020-2034, the share of nuclear power in the 
country’s electricity mix should be reduced from 46% 
in 2020 to 25% by 2034, while expanding renewables 
from the current 15% to 40% by 2034. Under the plan, 
nuclear generation would peak in 2024 with 26 reactors in 
operation, and only 17 reactors would remain operational 
by 2034 with a total of 19.4  GWe installed nuclear 
capacity, supplying 10% of Korea’s electricity.

 • In Poland the government continues to make good 
progress in the implementation of its nuclear programme, 
with plans to build six new nuclear reactors with a total 
capacity of 6 to 9 GWe. The Polish government is working 
on the necessary legal changes to facilitate the licensing 
process for nuclear power plants. The selection of the site, 
strategic investors, and associated financing framework 

will be announced in 2022. More recently, private sector 
companies in Poland have also expressed interest in 
SMRs as a long-term solution to decarbonise energy 
needs, with various agreements being signed between 
private companies and foreign nuclear vendors. 

 • Romania operates the only two CANDU reactors in 
Europe. Cernavodǎ 1 and 2 began operation in 1996 and 
2007, respectively. The country plans to refurbish existing 
units to allow for 30 additional years of operation as well as 
to expand nuclear capacity in the coming years. Building on 
the intergovernmental agreement signed with the United 
States in October 2020, Romania announced during the 
COP 26 climate change talks in 2021 an agreement for 
the nuclear vendor NuScale to potentially deploy SMRs 
in the country by 2028. A memorandum of understanding 
was also signed in August 2021 with the government of 
Canada to further strengthen collaboration in new nuclear 
projects, both in new build and long-term operation. 

 • Russia remains active in the development of nuclear 
power. Unit 6 of the Leningrad nuclear power plant, with 
a Generation III+ pressurised water reactor (VVER-1200), 
was connected to the grid last year and commercial 
operation started on 22  March 2021. Two units with 
VVER-TOI reactors are under construction at the Kursk 
nuclear power plant. On 8 June, the State Atomic  Energy 
Corporation Rosatom began construction of a Generation 
IV BREST-OD-300 reactor. This lead-cooled fast reactor 
(LFR), scheduled to start operating in 2026, is part of 
a pilot demonstration energy complex at the Siberian 
Chemical Combine that aims to close the nuclear fuel 
cycle. The Multipurpose Fast Research Reactor project 
(MBIR) has moved to the phase of installation work at the 
site of the Research Institute of Atomic Reactors (NIIAR) in 
Dimitrovgrad. The MBIR reactor vessel, manufactured by 
ATOMMASH, passed hydraulic tests in September 2021.

 • In Spain, the Integrated National Energy and Climate Plan 
(INECP) adopted in February 2019 for the period 2021-
2030 foresees the country phasing out nuclear power 
between 2027 and 2035. The reactors will operate for 
an average age of 47-48 years. As of 2021, a licence 
extension to operate beyond 40 years was granted to all 
Spanish reactors, except for Trillo, for which the licence 
extension is expected by 2023. Spain has seven nuclear 
units that provide around 20% of the country’s electricity.

Mihama nuclear power plant, Japan.

Creative Commons
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 • Türkiye is making progress with its new build project 
Akkuyu. This project, developed under a 2010 agreement 
between Türkiye and Russia, will consist of four VVER-
1200s, each with a capacity of 1 200 MWe. Work started 
on Akkuyu-1 in April 2018, on unit 2 in April 2020 and on 
units 3 and 4 in March and August 2021, respectively. 
Akkuyu-1 is on target to start generating power in 2023, 
with one additional unit to be commissioned annually 
through 2026. More recently, Türkiye’s President 
confirmed that the country plans to proceed with the 
development of two additional nuclear power plants, 
despite the failure of previous efforts to develop such 
projects. 

 • The United Kingdom hosted the COP 26 talks, which 
resulted in the Glasgow Climate Pact, the first climate 
agreement explicitly planning to reduce unabated coal. 
The UK government pushed forward a new financing 
model for nuclear projects consumption through the 
Nuclear Energy (Financing) Bill. The bill introduces the 
use of the Regulated Asset Base (RAB) model to fund 
future nuclear power plants in the United Kingdom. This 
new funding model is aimed at attracting a wider range 
of private investment into new nuclear power projects, 
cutting the cost of financing and therefore reducing the 
cost to final consumers. 

 • In the United States, the Infrastructure Investment and 
Jobs Act included USD 1.2 trillion (EUR 1.15 trillion) of 
federal funding to address President Biden’s Build Back 
Better agenda. Out of a total of more than USD 62 bil-
lion (EUR 59.45 billion) for the US Department of Energy 
(DOE) to deliver a “more equitable clean energy future”, 
USD 6 billion (EUR 5.75 billion) are to be allocated to pre-
vent premature retirement of existing zero-carbon nuclear 
plants. This funding, through the Civilian Nuclear Credit 
programme, will be available to plants that would other-
wise retire and are certified as safe to continue operations.

In addition, USD 2.5 billion (EUR 2.4 billion) in funding are 
included for advanced nuclear projects through the DOE’s 
Advanced Reactor Demonstration Program (ADRP). 
This programme supports the construction of two 
demonstration advanced reactors that can be operational 
in five to seven years. 

In key non-NEA countries, the following developments 
took place in 2021:

 • Brazil operated two nuclear reactors, Angra 1 and 2, in 
2021, supplying about 3% of the country’s electricity. In 
June 2020, Brazil’s Investment Partnership Programme 

(PPI) Council approved the plan to resume the 
construction project for a third unit at the Angra nuclear 
power plant (Angra 3). In 2021, the PPI Council approved 
a plan to privatise the state-owned company Eletrobras. 
The government will keep full control of nuclear activities 
through the new company Enbpar. The plan stipulates that 
part of the fund raised by the privatisation will be used to 
complete Angra 3. Major work on Angra 3 is not expected 
before 2022. 

 • In September 2020, China stated that it intended to reach 
peak emissions before 2030 and become carbon neutral 
before 2060. This ambition is reflected in the 14th Five-
Year Plan for 2021-2026, released in March 2021, which 
sets a target of 70 GWe of installed nuclear capacity, up 
from 52 GWe as of mid-2021. 

In 2021, there were 14 reactors under construction in 
China, accounting for more than 25% of the nuclear 
capacity under construction around the world. Two new 
reactors were connected to the grid and construction 
began on another three the same year. The construction 
of four new VVER units at the sites of Tianwan and 
Xudabao has also been approved.

China is also active in the development of SMRs and other 
advanced nuclear systems. In June 2021, the Chinese 
National Development and Reform Commission approved 
the construction of a demonstration unit of the Linglong 
One SMR in Hainan, developed by the China National 
Nuclear Corporation. The two units of the domestic high-
temperature reactor design HTR-PM reached criticality in 
September and November 2021, respectively.

Meanwhile, some units are reaching the end of their 
initial operating licence. In September 2021, the Ministry 
of Ecology and Environment granted the first licence 
extension to Qinshan 1, a 300 MWe pressurised water 
reactor that started operation in 1994. The unit can 
operate until the end of July 2041.

 • In the United Arab Emirates (UAE), the Barakah 1 unit, 
the country’s first commercial nuclear reactor, reached full 
commercial operation in April 2021. Unit 2 was connected 
to the grid in September 2021 and is now undergoing 
testing while the power level is progressively increased. 
In November 2021, the construction of unit 3 was 
completed, with operations to start in 2023. Overall, the 
Barakah project is 96% complete. The plant will provide 
about 25% of the country’s electricity supply when all four 
units are operational. As stated in the Dubai Clean Energy 
Strategy 2050, the UAE aims for 25% solar, 7% nuclear, 
7% coal and 61% gas by 2030.

Barakah nuclear power plant, 
United Arab Emirates.

Creative Commons
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Developments in nuclear  
fuel supply
Depressed uranium market prices in previous years 
reduced exploration and development activities and led to 
uranium production cuts at a number of facilities in Canada, 
Kazakhstan, Niger, Namibia and the United States. Some 
of the global decline was offset by production gains in 
Australia and the continuing ramp-up of the Husab project 
in Namibia. During 2020 and 2021, the COVID-19 pandemic 
had a significant impact on world uranium production, with 
many mines closing temporarily. Uranium output in 2020 was 
the lowest in the last decade (about 48 000 tU). The 2021 
world uranium production is estimated to increase by 20%. 
The partial suspension of uranium mining activity in 2020 and 
2021 did not however cause any performance disruptions for 
nuclear power reactors because of the significant inventories 
held by utilities and fuel cycle producers.

Commercial uranium conversion facilities were in 
operation in Canada, France, Russia and the United States. 
However, the Honeywell (Converdyn) commercial plant in 
Metropolis, Illinois, which is the only conversion plant in 
the United States, continues to remain in idle-ready status. 
Production has been idle though operations continue in order 
to support a restart when business conditions improve. 

High-efficiency uranium centrifuge enrichment plants 
continued commercial operations through 2021 in France, 
Germany, the Netherlands, Russia, the United Kingdom and 
the United States. In 2021, high-assay low-enriched uranium 
(HALEU) attracted a great deal of attention from global 
nuclear fuel cycle producers, utilities and governments. 
Many companies around the world are developing advanced 
reactors with smaller and more flexible designs. However, 
many of these reactors will require HALEU fuels that are not 
yet available at a commercial scale. 

Nuclear safety and regulation
NEA member countries continued their collaboration 
to enhance the robustness of nuclear installations and 
regulatory frameworks in 2021.

The regulatory bodies and technical support organisations 
of NEA member countries have a common interest in 

expanding their knowledge in important technical areas 
through co-operative research activities. International 
research has yielded more knowledge and methodologies 
in the fields of severe accident phenomenology and 
thermal-hydraulics, fire propagation, nuclear fuel and other 
materials properties to limit uncertainties in computer codes 
applications and modelling.

In the area of safety technology, emphasis was put in 
recent years on co-operative efforts to better understand 
the risks associated with natural hazards and external 
events, such as earthquakes, tsunamis, tornadoes and river 
flooding. In nuclear regulation, member countries have been 
focusing on the vital importance of developing and sustaining 
a strong safety culture in both operating organisations and 
regulatory bodies.

 • In Canada, 12 vendors are working with the Canadian 
Nuclear Safety Commission (CNSC) on pre-licensing 
vendor design reviews. In April 2021, Alberta, New 
Brunswick, Ontario, and Saskatchewan released a 
feasibility study on the deployment of small modular 
reactors (SMRs) in Canada. This study included a 
consideration of the use of SMRs by mining and oil 
sands companies. 

 • In the European Union, the EU Research and Training 
Programme of the European Atomic Energy Community 
(Euratom) for the period 2021-2025 was launched with a 
budget of EUR 1.38 billion. The general objective of the 
Euratom Research and Training Programme is to pursue 
nuclear research and training activities, with an emphasis 
on the continuous improvement of nuclear safety, security, 
and radiation protection, as well as to complement the 
achievement of Horizon Europe’s objectives, inter alia 
in the context of the energy transition. The Euratom 
programme addresses the following research topics: the 
safety of reactor systems and of spent fuel and radioactive 
waste management; radiation protection and the safe 
application of ionising radiation; safe decommissioning 
and environmental remediation of nuclear installations; 
nuclear security and safeguards; maintaining nuclear 
competences and knowledge management; and 
expanding the knowledge base for fusion energy. 

 • France’s Nuclear Safety Authority (ASN) ruled on 
23 February 2021 on the conditions for the continued 
operation of operator EDF’s 900  MWe reactors 
(32 reactors on 8 sites) beyond their fourth periodic review. 
The ruling effectively approves the principle of a 10-year 
life extension for the plants, which were mostly built in the 
1980s, giving them an operating life of 50 years.

 • In Japan, the Ministry of Economy, Trade and Industry 
published in October 2021 the Outline of the Strategic 
Energy Plan prepared by the Agency for Natural Resources 
and Energy. Regarding R&D, the plan states that “by 
2030, while making the most of the private sector’s ideas 
and wisdom, development of fast reactors will be steadily 
promoted by utilising international co-operation; small 
modular reactor technology will be demonstrated through 
international co-operation; and component technologies 
related to hydrogen production at high -temperature gas-

NuScale module and turbine.

Oregon State University
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cooled reactors will be established; also, R&D of nuclear 
fusion will be promoted through international collaboration 
such as the ITER Project, etc.”

The High-Temperature Engineering Test Reactor (HTTR), 
a 30 MWt experimental High-Temperature Gas-Cooled 
reactor (HTGR) of the Japan Atomic Energy Agency 
(JAEA), resumed operation on 30 July 2021. As global 
momentum toward achieving carbon emissions neutrality 
by 2050 has grown – including a significant role for nuclear 
energy, especially advanced reactors – the HTGR is now 
considered one of the promising technology options 
both for power generation and hydrogen production. The 
JAEA will carry out safety demonstration tests by using 
the HTTR under the framework of the Loss of Forced 
Cooling (LOFC) project with NEA project. The JAEA plans 
to conduct various tests to confirm safety, core physics 
and thermal-hydraulics characteristics, and fuel perfor-
mance. Furthermore, a plan to demonstrate hydrogen 
production by the HTTR is under discussion. 

 • In Russia, The State Atomic Energy Corporation Rosatom 
announced plans to build 10 large power reactors by 
2035. The plan includes licensing and commissioning of 
about two units annually and would increase the share 
of nuclear in Russia’s energy supply from about 21% to 
25%. Besides, Rosatom inaugurated in June 2021 the 
construction of a 300 MWe nuclear power unit with 
an innovative lead-cooled BREST-OD-300 fast neutron 
reactor in Seversk, in Russia’s Tomsk region. Rosatom’s 
project “Breakthrough” is aimed at developing a new 
nuclear technology platform based on a closed nuclear 
fuel cycle (CNFC) with advanced fast neutron nuclear 
reactors. Fast reactors are touted for their ability to 
increase energy yields from natural uranium and utilise 
nuclear by-products and spent fuel. 

 • The United Kingdom announced that its autumn budget 
will include up to GBP 1.7 billion of direct government 
funding to enable a large-scale nuclear project to reach a 
final investment decision. 

 • In the United States, the US Nuclear Regulatory 
Commission (NRC) began the rulemaking process for the 
SMR design by NuScale Power. It is the first SMR design 
to be reviewed by the NRC. If approved, the rule would 
certify the design for the next 15 years. This would allow 
applicants or licensees intending to construct and operate 
the design to do so by referencing the rule.

The Department of Energy (DOE) announced in June 2021 
more than USD 61 million (EUR 58.49 million) in funding 
awards for 99 advanced nuclear energy technology 
projects in 30 states and one US territory. The projects, 
USD 58 million (EUR 55.62 million) of which will go to 
US universities, will focus on nuclear energy research, 
cross-discipline technology development, and nuclear 
reactor infrastructure to bolster the resilience and use of 
America’s largest domestic source of carbon-free energy. 
In addition, supplier Framatome announced that it had 
delivered the first 100% accident -tolerant fuel assembly 
(ATF) to Exelon Generation’s Calvert Cliffs Nuclear Power 
Plant in Lusby, Maryland. Developed with funding from 
the US Department of Energy (DOE) under Framatome’s 
PROtect programme, the lead fuel assembly (LFA) 
containing 176 chromium-coated rods and chromia-
enhanced pellets, was loaded during the plant’s spring 
refuelling outage.

Beyond the NEA membership, the following developments 
took place in 2021:

 • In China, the first of two high-temperature gas-cooled 
reactors of the HTR-PM demonstration plant at Shidaowan, 
in the Shandong province, attained a sustained chain 
reaction for the first time in September 2021. Developers 
of the HTR-PM claim there are advantages in inherent 
safety, a high equipment localisation rate, modular design, 
and the ability to adapt to small and medium-sized power 
grids. It can also be considered for a broad range of 
commercial applications, including power generation, 
cogeneration of heat and power, and high-temperature 
process heat applications.

High-temperature test reactor.

Japan Atomic Energy Agency (JAEA)
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Human aspects of nuclear safety
Addressing the human aspects of nuclear safety, including 
organisational factors and safety culture, is fundamental 
for the safe operation of nuclear installations as well as for 
the effectiveness of regulatory authorities. These aspects 
also have an important impact on the potential future uses 
and regulation of nuclear technology. The NEA assists its 
member countries in their efforts to enhance and improve 
the understanding and the technical basis for treating these 
elements, leveraging opportunities to continue to improve 
the knowledge base internationally in these important areas.

In 2021, member countries continued the progress of the 
previous year in further refining and modernising their work 
practices to adjust to the continued reality of the COVID-19 
pandemic. Within the associated committees and working 
groups, experts discussed and exchanged experiences 
on many topics related to COVID-19 lessons learnt in the 
areas of human and organisational factors, safety culture, 
leadership and oversight and other related topics. Some are 
proposing new tasks to look at best practices and lessons 
learnt in these areas in the coming years. Member countries 
continued and refined their approaches to the conduct of 
regulatory oversight practices, such as inspections and 
meetings, as well as making progress in developing guidelines 
and guidance documents. As the pandemic stretched into 
its second year, the pace of international co-operation has 
returned to a very high level with member countries taking 
the opportunity to move forward ambitiously on a number of 
fronts related to the human aspects of nuclear safety. Many 
NEA member countries continued their efforts in areas such 
as safety culture. Notable amongst these was Finland, which 
in December 2021 organised an event to explore the specific 
cultural aspects at play on a site with multiple nationalities 
in the workforce. Canada has also been preparing for their 
upcoming Country-Specific Safety Culture Forum (CSSCF) 
in 2022 - in particular by analysing data from interviews and 
focus groups.

The Halden Human Technology Organisation (HTO) 
programme of work was formally launched for a three-
year period (2021-2023). The HTO research programme is 

focused on areas such as human-automation collaboration, 
digital systems for operation and maintenance, digital 
transformation of decommissioning and cybersecurity of the 
main control room, as well as human performance, reliability 
and organisational design. There are currently 11 member 
countries and 19 organisations participating in this initiative, 
contributing to a total budget of EUR 13.29 million.

The 2021-2023 project’s research programme consists of 
7 topics of Human Factors and Digital Systems Research for 
Existing and New Reactors. This project is financially man-
aged by the NEA, with the Institute for Energy Technology 
(IFE), acting as Operating Agent.

Radiological protection
All NEA member countries continued their national radio-
logical protection-related activities during the  COVID-19 
pandemic, mainly by developing strategies emphasising 
remote means of protection and oversight. In both nuclear 
and non-nuclear fields, including medicine, a return to 
the office or on-site activities was implemented progres-
sively during the year, taking into consideration the still 
heterogeneous national and local health situations and  
requirements.

For European countries represented in the NEA 
Committee on Radiological Protection and Public Health, the 
period was marked by the entry into force of new national 
legislation related to the transposition of the EU Basic  
Safety Standards Directive 2013/59/Euratom into national 
law, and the restructuring of the corresponding regulatory 
framework. This new regulatory framework has led to 
many changes and a number of countries are currently 
preparing guidelines and procedures on various topics. This 
includes, for example, updating emergency response plans 
and preparedness for post-accident recovery, as well as 
strategies for contaminated goods management, radioactive 
waste management and disposal, practices in dentistry and 
veterinary medicine, and the procedures and controls related 
to new occupational limits for radiation doses to the lens of 
the eye. One of the main topics deals with radon-related 

Halden reactor hall showing the rotating floor 
plate above the cavity containing the reactor 
vessel, Norway.

Thor Energy, Norway
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health risks, which in many countries are managed as 
part of a wider policy to improve indoor air quality. The 
new regulatory provisions aim to increase the public’s 
understanding of radon exposure and related risks, as well 
as to promote the update to national Action Plans for Radon 
in support of operational regulations and controls for public 
and worker exposure. For example, Ireland has updated its 
national radon risk map and included consultation with the 
construction industry and employers. France introduced in 
2018 an obligation to inform property buyers and tenants of 
radon risks in municipalities with significant radon potential, 
and continues to evaluate the effectiveness of preventive 
measures in new constructions and corrective measures in 
existing constructions. 

In the area of emergency preparedness, response and 
recovery, countries have continued to adapt their activities 
to the COVID-19 pandemic. Many countries have updated 
their exercise programme and carried out exercises through 
virtual means (this was done, for example, in Austria, France, 
the United Kingdom, and the United States). Some countries 
have also reviewed and adapted their emergency planning 
arrangements following changes brought about by COVID-19 
and the subsequent lessons learnt. This includes a federal 
project in the United States aimed at identifying lessons 
related to communicating risks and protective actions 
and how this could be applied to radiological and nuclear 
emergency preparedness. The United States have also taken 
steps to develop their emergency planning arrangements 
and set out the regulatory requirements to cover new 
technologies such as small modular reactors (SMRs). A 
number of countries have implemented new initiatives to 
modernise their environmental radioactivity monitoring 
network, with Italy, Poland and Spain increasing the number 
of fixed automatic environmental radiological monitoring 
stations and renewing equipment and connectivity. Canada 
has established a federal/provincial/territorial working group 
to develop a National Environmental Monitoring Strategy 
guidance document to co-ordinate and prioritise the available 
resources to monitor radiation in the event of nuclear and 
radiological emergencies. 

Several countries have placed a greater focus on 
preparedness for the recovery phase of nuclear and 
radiological emergencies: 

 • In Australia, a new Recovery and Resilience Agency was 
established in 2021 that will take the lead role in disaster 
recovery under the all-hazards approach adopted within 
the country. 

 • In France, a national-scale recovery exercise was held in 
2021, and there is an ambitious programme set out to test 
recovery in forthcoming national exercises. 

 • The United Kingdom has an active Nuclear and 
Radiological Emergency Recovery Working Group, which 
has underway several projects to further develop its 
recovery arrangements. 

Radioactive waste management
In 2021, NEA member countries continued to work on 
the safe management of spent fuel and radioactive waste 
following a holistic approach. With the objective of bringing 
greater clarity to enhance confidence as well as to address 
the risks associated with radioactive waste management 
practices, regulators, radioactive waste managers and policy 
developers are increasingly recognising the importance 
of transparency and public participation in the decision-
making process. As the pursuit of geological disposal 
solutions continues in NEA member countries, predisposal 
management of radioactive waste, including interim storage 
and management options of spent nuclear fuel, are also 
being discussed in many countries.

A brief summary of developments during 2021 in national 
radioactive waste management programmes follows below. 
For full details of ongoing national programmes, visit www.
oecd-nea.org/rwmprofiles.

 • In Argentina, the operation of the Embalse nuclear power 
plant, with an extended lifetime until 2049, continued in 
2021. The National Atomic Energy Commission (CNEA) 
continued its efforts in radioactive waste management. 

Worker.

Shutterstock, Lutsenko Oleksandr
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The low- and intermediate-level waste (LILW) and used 
fuel from research reactors are handled at CNEA’s 
Ezeiza facility. Argentina continued to work towards 
implementing a repository for very low-level waste 
(VLLW), low-level waste (LLW) and intermediate-level 
waste (ILW) by 2030. Argentina is aiming to establish its 
national policy on spent fuel management with disposal 
in a deep geological repository (DGR) by 2030.

 • In Australia, the Australian Radioactive Waste Agency 
(ARWA) is responsible for the policy and planning around 
the management of radioactive waste and the establish-
ment of a suitable national facility in Australia. The National 
Radioactive Waste Management Act 2021 provides the 
ARWA legal authority to establish a national radioactive 
waste management facility. In November 2021, Minister 
for Resources and Water declared part of the nominated 
site on Napandee, Kimba in South Australia, as the site 
for the National Radioactive Waste Management Facility 
(NRWMF) for the safe and secure management of radio-
active waste. This includes LLW disposal and ILW stor-
age. A licence application to the ARPANSA is expected in 
late 2023 to early 2024. Currently, ILW and the returned 
reprocessed waste are stored in the Interim Waste 
Store at Lucas Heights until a national radioactive waste 
management facility becomes available. The Australian 
Nuclear Science and Technology Organisation (ANSTO) 
is constructing a new synroc facility to condition ILW and  
legacy acidic waste arising from the production of Mo-99.

The ANSTO submitted a licence application to the 
Australian Radiation Protection and Nuclear Safety 
Agency in July 2021 to prepare a site for a new radioactive 
solid waste storage facility due to the fact that the 
existing facility is predicted to reach capacity by 2027. 
The proposed facility is called the Intermediate -Level 
Waste Capacity Increase (ILWCI) facility and will provide 
an additional ten years (up until 2037) of temporary 
storage of solid intermediate waste from existing 
radiopharmaceutical production process at ANSTO. It is 
expected that by this time the NRWMF will be established 
by ARWA. ARPANSA has called for public submissions 
and held a virtual public forum in October 2021 (due to the 
ongoing COVID-19 pandemic) on the licence application. 
A decision on the licence is expected in the first quarter 
of 2022. 

The reprocessing of spent nuclear fuel is not permitted 
under Australian law. As such, all spent nuclear fuel is 
sent abroad for reprocessing under intergovernmental 
agreements and Australia must receive an amount of 
intermediate solid waste back which is in equivalence in 
radioactive content to the spent fuel elements sent.  In 
2021 ARPANSA approved an application from ANSTO to 
receive a shipment of reprocessed spent fuel from the 
legacy High Flux Australian Reactor (HIFAR) research 
reactor to be located in the existing ANSTO Interim Waste 
Store facility until the NRWMF has been established. The 
shipment will comprise a TN81 storage/transport package 
that will contain 4 CSD-V type vitrified waste canisters. 
The HIFAR spent fuel (114 elements) was reprocessed in 
the United Kingdom at the Dounreay reprocessing facility 
and originally comprised 51 cemented drums. This was 
then substituted using the Integrated Toxic Potential (ITP) 
methodology with the 4 canisters of vitrified waste from 
Sellafield UK Ltd for ease of transport. The shipment is 
expected to arrive in Australia in early 2022 and will be 
the last of reprocessed waste from the HIFAR reactor. In 
2015 a shipment of HIFAR reprocessed fuel was returned 
to Australia in an identical TN-81 cask from France. This is 
also located at the ANSTO Interim Waste Store.   

 • In Belgium, the National Agency for Radioactive 
Waste and Enriched Fissile Material (ONDRAF/NIRAS) 
launched in 2019 a Strategic Environmental Assessment 
(SEA) procedure for a national policy proposal for the 
long-term management of high-level and/or long-lived 
radioactive waste including non-reprocessed spent fuel. 
The consultation with a series of institutional bodies, 
including the regions and the Federal Agency for Nuclear 
Control (FANC) and the public that took place in 2020 
attracted a great deal of attention. ONDRAF/NIRAS took 
the outcomes of the SEA procedure into account in its 
modified proposal for a national policy on the long-term 
management of high-level and/or long-lived radioactive 
waste, which was submitted for adoption to the federal 
government in September 2020. This modified policy 
proposal is based on deep disposal of high-level and/or 
long-lived waste on the Belgian territory in one or several 
locations. It also defines the key principles for a future 
decision-making process for implementing deep disposal 
as a long-term management solution. On 22 April 2021 

Surface disposal facility.

ONDRAF/NIRAS, Belgium
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the Minister of Energy duly asked FANC for advice on 
this policy proposal, which gave a favourable opinion on 
20 May 2021. The legislative process for policy adoption 
is ongoing at the federal government level.

The licence application for the near-surface facility, 
submitted in 2013 and complemented in 2019, received 
a positive preliminary review by the Scientific Council for 
Ionising Radiation (SCIR), with a number of questions to 
be addressed by ONDRAF/NIRAS. This allowed FANC to 
start public consultation in the communities within 5 km of 
the site and a consultation with the province of Antwerp. 
FANC also started the Euratom Article 37 consultation 
procedure. ONDRAF/NIRAS will provide in 2022 the 
answers to the questions formulated by the SCIR. 
Afterwards, as part of the licensing procedure, FANC 
will present the licence application file, together with the 
result of all consultations and the proposed answers to 
the consultation remarks, to the SCIR for final advice. In 
anticipation of the nuclear licence to start construction 
of the disposal modules, ONDRAF/NIRAS is already 
constructing several peripheral installations on the site, 
such as the facility for the packaging of low-level waste for 
disposal and the visitors centre, TABLOO, with its official 
opening foreseen in the beginning of 2022. The ONDRAF/
NIRAS daughter company Belgoprocess completed 
construction of an extension to the interim storage facility 
for low-level and medium-level waste. Construction of 
a building dedicated to the interim storage of the waste 
affected by the alkali-silica reaction is ongoing.

At the Tihange and Doel nuclear sites, Electrabel is 
preparing two new on-site dry interim spent fuel storage 
facilities for the seven commercial nuclear reactors after 
their final shutdown (Spent Fuel Storage Facility or SF² 
with an operating lifetime of 80 years). The nuclear 
licensing process with public consultation for the creation 
and operation of these facilities took place in 2019 (for 
the Tihange site) and 2020 (for the Doel site). The nuclear 
licence for the Tihange site was granted by Royal Decree 
on 26 January 2020, construction began in May 2020 
and operation is expected to begin in 2023. The nuclear 
licence for SF² Doel was granted by Royal Decree on 1 
July 2021. Operation is expected to begin in 2025.

The licence application for the RECUMO waste treatment 
installation was made by the Belgian Nuclear Research 
Centre SCK•CEN on 20 December 2019. RECUMO is an 
installation in which uranium residues from the Mo-99 
production at the National Institute for Radioelements will 
be purified and treated so that a reusable low -enriched 
uranium (LEU) is obtained. The licensing procedure 
is expected to be finished by the end of 2021 or in 
early 2022.

 • In Canada, Natural Resources Canada (NRCan), launched 
a broad engagement process in November 2020 to 
modernise the country’s policy for radioactive waste. 
NRCan has held meetings with Indigenous peoples, 
non-governmental organisations, municipalities, industry, 
youth organisations, academia and other interested 
participants to seek their perspectives and views on what 
should be included in a modernised policy. During 2021, 
the Nuclear Waste Management Organization (NWMO) 
continued its field investigations at the five sites that 
could potentially host a DGR. In January 2021 the NWMO 
narrowed its focus to two areas: Ignace and South Bruce, 
both in Ontario. The Canadian Nuclear Safety Commission 
(CNSC), Canada’s independent nuclear regulator, recently 
modernised and published five regulatory documents that 
provide requirements and guidance to licensees on waste 
management, decommissioning and financial guarantees. 
After the decision by Saugeen Ojibway Nation to not 
support the proposed Ontario Power Generation (OPG) 
DGR project in 2020, OPG will explore other options and 
engage with key stakeholders to develop an alternate 
site selection process. Any new site selection process 
would include engagement with Indigenous peoples as 
well as interested municipalities and other stakeholders. 
As part of the Port Hope Area Initiative, the excavation 
and transfer of historic low-level radioactive waste 
was completed at the Port Granby Long-term Waste 
Management Facility. A multi-year project between AECL 
and the US National Nuclear Security Administration to 
repatriate highly enriched uranium (HEU) spent fuel and 
liquid target residue material from Chalk River Laboratories 
in Ontario, Canada, to the Savannah River Site in Aiken, 
South Carolina, was completed.

Dry storage containers are made of 
reinforced high-density concrete.

 Nuclear Waste Management 
Organization (NWMO), Canada
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 • In the Czech Republic, the Radioactive Waste Repository 
Authority (SÚRAO) carried out the siting process in 
2021 after it reduced the number of potential sites 
to host a DGR from nine to four in 2019. The aim is to 
have an eventual site selection in 2025, with an on-site 
underground research facility planned for 20302045. The 
Czech government is also considering new legislation that 
will enhance public involvement in the developmental 
process of DGRs.

 • In Finland, Posiva Oy, the DGR implementer, continued 
to demonstrate the feasibility of the disposal system and 
in 2021 was also preparing for the casting of the end-
plug of the demonstration tunnel at the Onkalo facility. 
As the operator responsible for the final disposal of spent 
nuclear fuel, Posiva Oy has started the excavation of the 
final disposal tunnels in Olkiluoto, located in the Eurajoki 
municipality. The start of the excavation is a milestone for 
Posiva, as it comes after years of research and developing 
methodologies for rock construction. 

Fennovoima Oy submitted in 2015 a construction licence 
application for a 1 200 megawatt AES-2006 Pressurised 
Water Reactor to be constructed in Pyhäjoki. Fennovoima’s 
primary objective is to negotiate an agreement concerning 
the final disposal of spent nuclear fuel with Posiva Oy’s 
owners, Teollisuuden Voima Oyj and Fortum Power and 
Heat Oy. In that case, the spent fuel will be disposed of 
at the Onkalo facility. If no agreement is reached with 
Posiva’s owners, the encapsulation plant and the final 
disposal facility will be constructed in Pyhäjoki or Eurajoki.

 • In France, the National Radioactive Waste Management 
Agency, Andra, is in charge of three surface disposal 
facilities for VLLW, LLW and intermediate-level short-lived 
waste (IL-SLW). The facilities are called Cires and CSA, 
in the east of France, and CSM, in the northwest. In a 
project called “Acaci”, Andra is studying the possibility 
of increasing the authorised disposal capacity of Cires 
without changing the acreage of the facility. Public 
consultation in this regard was held from May to June 
2021. The conclusions will be integrated into the project, 
and an environmental permit application should be 
submitted in 2022. If authorised, the extension works 
should start in 2025. At the CSA, the tenth construction 

stage, which started in 2018, is almost completed. The 
CSM has been in a monitoring phase since 2003. The 
Nuclear Safety Authority (ASN) and the French Institute 
for Radiological Protection and Nuclear Safety (IRSN) 
began examining the safety review file in 2020 and should 
conclude in 2021.

An application for a Declaration of Public Convenience and 
Necessity (DUP) of the Cigéo DGR project was submitted 
in the summer of 2020. The DUP is an important dossier 
that includes a global environmental assessment. A 
decree confirming the national importance of the project 
is expected to be signed by the Prime Minister in early 
2022. If granted, the DUP will allow other authorisation 
applications to be made relating to site preparation 
work that is crucial to constructing Cigéo (preventive 
archaeological work, road and railway construction, 
electricity and water supply network). In early January 
2021, the Environmental Authority (EA) of the French 
General Council for the Environment and Development 
published 40 recommendations and comments on the 
global environmental study. A public inquiry was held in 
the third quarter of 2021 to ascertain civil society opinion. 
On 20 December 2021 an independent committee of 
enquiry issued a favourable opinion without prejudice 
on the DUP application. The next step is the submission 
of a Declaration of Creation (DAC), planned for early 
2022. The Nuclear Safety Authority will be in charge  
of its review.

 • In Germany, the Federal Waste Management Organisation 
(BGE) published the “Sub-areas Interim Report according 
to Section 13 StandAG” on 28 September 2020, which 
identifies the sub-areas in Germany that have favourable 
geological conditions for high-level waste (HLW) disposal. 
In March 2020, the former nuclear power plant site in 
Würgassen was announced to be the location of the 
future logistics centre for the Konrad disposal facility 
for LILW. A new ordinance on safety requirements and 
preliminary safety analyses for the disposal of HLW 
entered into force on 15 October 2020. The first meeting 
of the Sub-areas Conference was held as an online event 
on 5-7 February 2021. This conference was the first major 
event of public participation during the siting procedure 
for a HLW disposal facility in Germany.

The Konrad disposal facility for LILW, 
Germany.

Bundesgesellschaft für Endlagerung 
mbH
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 • In Hungary, the Hungarian Atomic Energy Authority 
(HAEA) issued an operating licence for the Paks Spent 
Fuel Interim Storage Facility (SFIFS), now with 24 vaults, 
valid until 2030. On 14  July 2020, the Public Limited 
Company for Radioactive Waste Management (PURAM) 
submitted an application to the HAEA regarding the 
modification of the operational licence of the National 
Radioactive Waste Repository (NRWR). The new safety 
assessment has already included the acceptance (and 
disposal) of the institutional LILW waste as well. The 
submitted documents are currently being reviewed and 
evaluated by the HAEA.

 • In Italy,the National Chart of Potentially Eligible Sites 
(CNAPI) was prepared by Sogin, the Italian state-owned 
company for the decommissioning and management of 
radioactive waste, and validated by the Italian Inspectorate 
for Nuclear Safety and Radiation Protection (ISIN). The 
list of potential areas together with a preliminary design 
of the facilities to be realised (LLW repository and ILW/
HLW storage) is the object of a national debate with the 
objective of reaching a declaration of interest by involved 
communities. Once one or more regions show interest, 
Sogin will perform extensive on-site investigations.

On the implementation side, the Italian and Slovak 
authorities completed the licensing for the conditioning 
of the Caorso spent resins. The transfer of spent resins to 
be treated in the Slovak Republic restarted in 2021, after 
it was stopped due to the COVID-19 pandemic.

A project to transfer the 1.7 tonnes of heavy metal (tHM) of 
Elk River nuclear power plant spent fuel into dual-purpose 
casks at the Treatment and Re-manufacturing Plant for Fuel 
Elements (ITREC) was approved in 2020. In October 2021, 
the ISIN “STRIMS” system for tracing radioactive waste 
and radioactive sources in the country became operational. 
At the beginning of 2021, Sogin began using the AIGOR 
software, which uses blockchain technology to archive and 
trace radioactive waste elements. Construction of the two 
liquid HLW conditioning facilities, ICPF at the ITREC site 
in the south of Italy and CEMEX at the EUREX site in the 
north of Italy, resumed during 2021 after being discontin-
ued due to contractual issues.

 • In Japan, in the context of the DGR siting process, 
the Nuclear Waste Management Organization (NUMO) 
continued the Literature Survey, the first stage of the site 
investigation process, in two municipalities in Hokkaido: 
Suttu and Kamoenai. To confirm the feasibility of the 
Literature Survey, NUMO used the existing literature 
and data, which served as references for the Nationwide 
Map of “Scientific Features” relevant for Geological 
Disposal published by the Ministry of Economy, Trade 
and Industry (METI) in 2017. In parallel, NUMO and METI 
continued to hold public dialogues across the country, 
aiming to encourage the acceptance of the Literature 
Survey in as many areas as possible. In February 2021, 
NUMO published the generic safety case report, which 
had been revised after a review by the Atomic Energy 
Society of Japan (AESJ). The English version of the report 
is currently being reviewed by the NEA. In the off-site, 
generic Underground Research Laboratory (URL) project, 
the Japan Atomic Energy Agency (JAEA) has been 
conducting three research tasks at Honorobe in Hokkaido 
with the main aim of enhancing the reliability of disposal 
technology. The relevant R&D was performed according 
to the plan for the extension of the Horonobe URL project 
from 2020 to 2028, which targets sedimentary rock. An 
international collaboration project at the Horonobe URL 
in co-operation with the NEA was announced in October 
2021. In addition, the METI carried out R&D to establish 
techniques for investigating and modelling the geological 
environment in the coastal region. This can serve as a 
technical base for planning the Preliminary Investigation, 
which is the siting investigation process that follows the 
Literature Survey.

 • In Korea, the review of the HLW management policy 
continued in 2021. The spent fuel is stored in the storage 
facilities of the respective nuclear power plants. The 
national policy for spent fuel management, including the 
construction of a centralised spent fuel interim storage 
facility in a disposal site, will be determined at a later date.

 • In Norway, the state-owned radioactive waste 
management and decommissioning agency that was 
established in 2018, Norwegian Nuclear Decommissioning 
(NND), continued its work in 2021. The NND is also 
responsible for the safe handling, storage and disposal 
of nuclear waste in Norway. Since the current National 
Combined Disposal and Storage Facility (KLDRA) for 
the disposal of LILW is reaching its capacity, the NND is 
planning a new storage facility. The Norwegian Radiation 
and Nuclear Safety Authority (DSA), as an independent 
regulatory body, reviewed and assessed the licence 
application for the Halden site, including the Halden 
Boiling Water Reactor (HBWR) and associated fuel 
storage facilities. A licence was granted on condition 
that the Institute for Energy Technology (IFE) address, 
among other things, the organisational capability and 
competence, fuel inventory, criticality safety, and various 
shortfalls identified in the safety reports.

 • In Poland, geological repositories are envisaged for 
future disposal of spent fuel and radioactive waste, in 
accordance with the Polish Energy Policy until 2040, in 
which the government schedules to launch the operation 
of six reactors, worth 6-9 GWe in total, in two power 
stations. The National Plan of Radioactive Waste and 
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Spent Nuclear Fuel Management was updated in 2021 
with the schedule of work related to the construction of 
a new repository for LILW. The process of selecting a 
location for the new repository is in progress. 

 • In Romania, the Nuclear and Radioactive Waste Agency 
(ANDR) revised the national strategy and policy on the 
medium- and long-term safe management of spent fuel 
and radioactive waste, which was subject to approval 
by the government in December 2021. According to the 
strategy’s Reference Scenario, the low- and intermediate 
short-lived radioactive waste (LIL-SLW) generated from 
the operation and refurbishment of the nuclear units from 
the Cernavodǎ nuclear power plant will be disposed of 
at the DFDSMA, a repository that is to be built in the 
exclusion zone of Cernavodǎ nuclear power plant, subject 
to the approval of the competent authorities. The first 
construction phase of the DFDSMA (comprising eight 
cells) is scheduled to be completed in 2028. LILW-SL 
radioactive waste will be disposed of in the DFDSMA after 
it has been treated and conditioned by the authorisation 
holder. The safe and responsible management of the 
spent nuclear fuel generated by the Cernavodǎ nuclear 
power plant was improved by commissioning the 12th 
MACSTOR 200-type concrete module in 2021. Also, 
the design of an improved MACSTOR 400 module has 
been completed, doubling the capacity for spent fuel dry 
storage, from 12 000 Spent Fuel Bundles to 24 000 Spent 
Fuel Bundles per module. For the MACSTOR 400 project, 
an environmental agreement procedure is in progress. 
The spent CANDU fuel from the Cernavodǎ nuclear power 
plant will be disposed of after a period of cooling without 
treatment (other than packaging for disposal), and the 
long-lived ILW (ILW-LL) will be appropriately conditioned 
and packaged to produce a solid waste form suitable for 
disposal. According to the national strategy, operation of 
the DGR is planned to start in 2055. 

 • In Russia, implementation of the third stage of develop-
ment of the Unified State System for Radioactive Waste 
Management (USS RW) continued. One of the main pri-
orities is the creation of radioactive waste disposal facili-
ties. The operator was issued licences to construct such 
facilities in the Chelyabinsk region (Ozersk), with a design 
capacity of 225 000 m3, and the Tomsk region (Seversk), 
with a design capacity of 140 000 m3. Construction has 
begun of building complexes and structures for auxiliary 
and storage purposes, as well as transport infrastructure, 
road access to the site, and internal and external engineer-
ing networks. The construction of the disposal facility in 
the Novouralsk region, with a total capacity of 39 300 m3, 
was finished in 2021 and the facility is now being prepared 
for commissioning. By 2021, a total of over 24 000 m3 
of radioactive waste, 3 000 m3 more than planned, was 
retrieved, processed, and conditioned to meet relevant 
acceptance criteria for disposal. Surface support infra-
structure facilities are being constructed at the future site 
of an underground research laboratory, with the overall 
completion level estimated at 20%. A large-scale R&D 
programme is being implemented with the main focus 
on field studies of the host rock in the construction area. 
More detailed information on the characteristics of the 
accumulated vitrified HLW inventory is being collected.

 • In the Slovak Republic, the National Policy and the 
National Programme for management of spent fuel and 
radioactive waste were approved in 2021 by the govern-
ment, taking into consideration the transposition of the 

EC Directive 2011/70/EURATOM. The preparation of a 
new Atomic Act continued. Preparations for ARTEMIS 
missions were postponed partly due to the COVID 19 pan-
demic. Two new facilities are being built at the Bohunice 
site, one for re-melting metal radioactive waste and the 
other for the incineration of radioactive waste, to add new 
technologies to the processing and treatment process. 
The equipment for re-melting metal radioactive waste is 
currently at the stage of an inactive test. It is planned to 
start active operation of the facility in the near future. For 
the new incinerator, the Nuclear Regulatory Authority of 
the Slovak Republic (UJD) has approved a change that 
affects active comprehensive testing of incinerator equip-
ment. This newly built incinerator does not yet have a per-
mit for processing the foreign radioactive waste and has 
been waiting for a year for finalisation of the EIA process 
by the Ministry of the Environment of the Slovak Republic.

 • In Slovenia a LILW disposal facility with sufficient 
capacity to accommodate all LILW waste from the Krško 
nuclear power plant operation and decommissioning, as 
well as all institutional LILW in Slovenia is being planned 
in the Vrbina area. Preparations for a construction licence 
continued in 2021, with the licence expected to be 
granted at the beginning of 2022, to be followed by the 
construction of a silo and all other necessary supporting 
facilities. All spent fuel is currently stored in spent fuel 
pools. After the EU stress tests, the Slovenian regulator 
requested the implementation of an action plan to 
improve safety at Krško. Part of the action plan was to 
implement the dry storage of spent fuel on site by 2022. 
The project is now in the implementation stage, as Krško’s 
operator intends to start building a new facility shortly, and 
operations are planned to begin in 2023. 

 • In Spain, the management of spent fuel is currently 
focused on providing additional on-site interim storage 
capacity to all nuclear power plants in storage casks. 
Presently, all nuclear power plants in Spain have interim 
spent fuel storage facilities (ISFS) based on dry cask stor-
age technologies, with the only exception of Vandellòs II, 
where the existing spent fuel pool capacity has recently 
been expanded. However, a dry cask ISFS will be needed 
on this site, too, at a later point in time. The El Cabril LILW 
and very-low-level waste (VLLW) near-surface disposal 
facility keeps operating regularly. Work to find a defini-
tive disposal solution for HLW, spent fuel and long-lived 
LILW continued in 2021, with a focus on disposal in deep 
geological formations. The LILW facility has 28 concrete 

Disposal of very low-level radioactive waste, El Cabril, Spain.
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vaults with a total internal volume of 100 000 m3, while 
the VLLW disposal installation has two cells in operation 
with a joint disposal capacity of about 85 000 m3. The 
second of these cells started operation in July 2016 and 
has clearly expanded the disposal capacity for this type of 
waste. As of 31 December 2020 the degree of occupancy 
of the LILW disposal facility, the VLLW disposal facility in 
Cell 29 and the VLLW disposal facility in Cell 30 are 80%, 
25% and 20%, respectively.

 • In Sweden, further to the Radiation Safety Authority’s 
(SSM) recommendation to approve the Swedish Nuclear 
Fuel and Waste Management Company’s (SKB) applica-
tion for a geological disposal repository for spent fuel, the 
Land and Environment Court concluded that SKB needed 
to first clarify the function of the copper canisters in rela-
tion to the long-term safety of the repository. The SKB 
submitted the complementary information in the spring 
of 2019. The regulatory decision now lies in the hands 
of the government and, as part of the decision process, 
the host municipalities (Östhammar for the Spent Fuel 
Repository and Oskarshamn for the encapsulation plant) 
voted for to accept the application in the fall of 2020. 
With both municipalities having agreed, the matter then 
passed to the government for final decision. In August 
2021, the government approved parts of the application, 
as well as an increased storage capacity at the central 
interim storage for spent fuel (Clab). As regards SKB’s 
application for extending the repository for short-lived 
LILW in Forsmark, the SSM completed its review of the 
application in 2020. The decision also now lies with the 
government as the host municipality, Östhammar, voted 
in the spring of 2021 to accept it. The SSM is progress-
ing on a major revision of its regulatory framework. The 
revision encompasses an enhanced consistency with the 
IAEA Safety Standards, the implementation of the EU 
directives on nuclear safety, waste management and the 
European Basic Safety Standards Directive (BSS), as well 
as the implementation of the Western European Nuclear 
Regulators Association’s (WENRA) applicable safety ref-
erence levels. The government approved the SKB twelfth 
tri-annual research, development and demonstration 
(RD&D) programme in December 2020. In order to mit-
igate the COVID-19 pandemic effects, task groups have 
been set up to continuously analyse the situation and lend 
support to decision making.

 • In Switzerland, the National Cooperative for the 
Disposal of Radioactive Waste (Nagra) originally planned 
to integrate the encapsulation plant for LILW and HLW 
(“hot cell”) into the surface facility placed near the deep 
geological repository. In reaction to a demand made 
by various stakeholders during the public consultation 
at the end of stage two, Nagra received the mandate 
from the government to explore the option of placing 
the encapsulation plants externally. Beginning in 2020, 
a working group created for this purpose that includes 
members from the three remaining cantons and Germany 
discussed the option of an external placement for 
the encapsulation plant. The group, moderated by an 
external negotiation expert, adopted a joint declaration 
in January 2021. The declaration identifies the existing 
temporary storage facility, ZWILAG, as the only realistic 
external placement option for the encapsulation plant. 
The declaration further captures the diverging positions 
of stakeholders on the subject. 

During the course of the surface-based characterisation of 
the three remaining siting regions, Nagra completed bore-
hole No. 8. Nagra announced that the drilling campaign 
will be concluded according to schedule and unimpeded 
by the COVID-19 pandemic with borehole No. 9. 

 • In Türkiye, the Turkish Energy, Nuclear and Mineral 
Research Agency (TENMAK) is the radioactive waste 
disposal operator and runs this activity through its 
Radioactive Waste Management Department. In 
2020, the TENMAK Radioactive Waste Management 
Department (RWMD) finished and published the first 
National Radioactive Waste Management Plan. This 
plan includes the current radioactive waste inventory, 
future inventory estimations, financial arrangements and 
disposal options. As a part of this plan, TENMAK is still 
working on the first national radioactive waste disposal 
facility project as a near-surface disposal solution. The 
site selection phase is almost complete, with some site 
studies continuing.

 • In the United Kingdom, government policy states 
that spent fuel management is a matter for the com-
mercial judgment of its owners, subject to meeting 
the necessary regulatory requirements. The Thermal 
Oxide Reprocessing Plant (THORP) ceased operations 
in November 2018 and the THORP Receipt and Storage 
Fuel Pond has since been used for the storage of spent 
fuel arising from the advanced gas-cooled reactor fleet. It 
is expected that this spent fuel will be stored until a deci-
sion on a geological disposal facility is made. There are 
currently no proposals to reprocess the spent fuel arising 
from any new nuclear power stations that might be built 
in England and Wales. Magnox reprocessing at Sellafield 
is expected to be largely completed by the end of 2021.

 • In the United States, the Nuclear Regulatory 
Commission (NRC) staff issued a draft Environmental 
Impact Statement (EIS) in May 2020 for a consolidated 
interim storage facility for spent nuclear fuel in Andrews 
County, Texas. The EIS comment period was open until 
3 November 2020 and the NRC staff technical review was 
still ongoing at the end of 2021. The NRC is in the process 
of preparing a regulatory basis for the disposal of greater-
than-Class C (GTCC) waste. In a policy paper submitted 
to the Commission on October 2020, the staff concluded 
that most of the GTCC waste streams it evaluated on 
the draft regulatory basis are potentially suitable for near-
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surface disposal. In addition, the staff concluded that 
most of the GTCC waste streams potentially suitable for 
near-surface disposal do not present a hazard such that 
the NRC should retain disposal authority. Lastly, the staff 
recommended combining the GTCC and transuranic waste 
rulemaking actions with the ongoing Title 10 of the Code  
of Federal Regulations (CFR) Part 61 rulemaking effort.

Nuclear decommissioning and 
legacy management 
Over 195 reactors, including commercial power reactors and 
experimental reactors, have been permanently shut down 
at the end of 2021; more than 83% are in NEA member 
countries. Many nuclear power reactors, research reactors 
and fuel cycle facilities will reach the end of their operating 
lives or be shut down over the next decade or so, resulting in 
a growing demand for strategies and technologies in the area 
of nuclear decommissioning. Significant progress continues 
to be made on decommissioning and environmental 
remediation projects in NEA countries.

 • In Australia, the High Flux Australian Reactor (HIFAR), 
the nation’s first 10 MWe reactor, was permanently 
shut down on 30 January 2007 and preparation work 
has been underway since then. In 2020, the Australian 
Nuclear Science and Technology Organisation (ANSTO) 
completed the characterisation report covering the reactor 
block (bio shield, reactor internals), seven neutron beam 
instruments and redundant plant and equipment – the 
main reactor ancillary circuits. The report gives dose rate 
estimates, waste type/volume estimates and radionuclide 
inventory for the above. Funding has been approved for 
phase one of the decommissioning process, which covers 
all but the reactor block dismantling. Discussions between 
the project team and the regulator (Australian Radiation 
Protection and Nuclear Safety Agency, ARPANSA) have 
commenced and ANSTO is currently in the planning 
process for the submission of a decommissioning licence 
application (DLA) in the last quarter of 2021.

The Little Forest Legacy Site (LFLS) on the southern 
periphery of Sydney contains low-level radioactive waste 
buried in closely spaced unlined trenches between 1960 
and 1968. The site has undergone an extensive scientific 
evaluation in recent years and was judged to not pres-
ent a hazard in its present state. However, a process 
known as the “bathtub effect” has been observed in the 
mobilisation of actinides at the site, and a groundwater 
plume of tritium has been delineated. During 2020-21, 
research has continued at the site, focusing on two exper-
imental trenches that replicate the waste trenches and 
permit detailed studies of site hydrology and response 
to rainfall, as well as chemical evolution of simulated 
wastes. In addition, a major study of beryllium is under-
way. Beryllium disposed to the trenches constitutes a 
 substantial non-radioactive hazard at the LFLS. A recent 
journal paper focused on evaluating the chemistry of 
beryllium at the site. This study demonstrated the strong 
retention of beryllium by LFLS soils under expected envi-
ronmental conditions, which is a result of their favourable 
physico-chemical properties. External funding through the 
Australian Research Council (ARC) has been secured to 

undertake additional research at the site. This will con-
sider the catchment scale and utilise the experimental 
trenches to inform the management of the entire catch-
ment, which includes a number of other contaminated 
sites (as well as LFLS). In addition, longitudinal studies 
are planned, which will evaluate the ongoing evolution of 
the site and the impacts of any implemented engineered 
management options. 

 • In Belgium, Belgoprocess, the daughter company of 
national waste management organisation ONDRAF/
NIRAS, completed new builds to extend the interim 
storage capacity of low-level and medium-level waste. 
These are expected to be used mainly in the dismantling 
of the nuclear power reactors, as phase-out is foreseen 
in 2025 in Belgium. Belgoprocess also continues the 
dismantling and remediation of the former research site 
Eurochemic. At the site of Fleurus, ONDRAF/NIRAS 
continues the dismantling of the former medical isotopes 
production plant that went bankrupt.

 • In Canada, Hydro-Québec, which shut down its sin-
gle-unit CANDU (Canada Deuterium Uranium) reactor at 
the Gentilly-2 Nuclear Generating Station in 2012 plans to 
place the facility in a dry, safe storage state by the late 
2020s. The Canadian Nuclear Safety Commission (CNSC) 
issued a 10-year decommissioning licence to Hydro-
Québec for Gentilly-2 in June 2016. All used fuel has 
been transferred from wet to dry storage, permitting the 
drainage of the storage pool. Hydro-Québec has adopted 
a deferred decommissioning strategy, with final decom-
missioning expected to take place in the 2050s. The gov-
ernment of Canada has responsibilities for nuclear wastes 
liabilities, including those stemming from nuclear research 
and development at Atomic Energy of Canada Limited 
(AECL) sites, as well as historic low-level radioactive 
waste for which the government has taken on responsi-
bility. Work on the decommissioning of Building 250, one 
of the highest-risk facilities at the Chalk River Laboratories 
site, has started in 2021. A proposal was put forward to 
the regulator to start the next phase of decommissioning 
at the Douglas Point reactor in Kincardine, Ontario, and a 
public hearing to that effect was held in November 2020. 
Activities will include the removal of non-nuclear buildings, 
the removal of the waste and the eventual dismantling and 
removal of the reactor itself. Planning activities continued 
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regarding the proposal for the in-situ decommissioning 
of the Nuclear Power Demonstration reactor and the 
WR-1 research reactor (located in Rolphton, Ontario, and 
Pinawa, Manitoba, respectively). This included work to 
finalise the Environmental Impact Assessments for each 
project, as well as ongoing Indigenous and stakeholder 
engagement. A proposal has also been put forward for a 
key enabling facility for the decommissioning and legacy 
waste management of AECL’s liabilities, the Near Surface 
Disposal Facility (NSDF). The CNSC has scheduled a two-
part public hearing to consider this project.

 • Ontario Power Generation (OPG) has indicated their inten-
tion to shut down Pickering’s units 1 and 4 in 2024 and 
units 5 to 8 in 2025. OPG’s plan requires approval from 
the CNSC. After commercial operations cease, the station 
will first be placed in a safe storage state (removal of fuel 
and water) and eventually decommissioned, beginning 
in 2028.

 • In October 2020, OPG launched the Centre for Canadian 
Nuclear Sustainability (CCNS) in Pickering, a world class 
facility that will attract skilled jobs, innovative businesses, 
and economic development as well as advance solutions 
for minimising nuclear substance, with a continuing 
emphasis on minimising the environmental footprint 
by reducing volumes, and diverting and recycling clean 
materials. The Centre operates as a hub to lead the safe, 
cost effective, environmentally and socially responsible 
decommissioning of OPG’s nuclear fleet. Through collab-
oration with the industry, community, academia and wider 
global entities, the Centre co-ordinates the development 
of strategic and innovative solutions for decontamination, 
dismantling, site remediation and nuclear material man-
agement. It also mobilises research and development 
opportunities and aligns the nuclear supply chain to sup-
port sustainable solutions for the clean energy life cycle.

 • In Finland, , the Radiation and Nuclear Safety Authority 
(STUK), the national regulator, is overseeing the 
decommissioning and dismantling of the FiR TRIGA Mark 
II research reactor, the first reactor to be decommissioned 
in the country. In June 2021, the Technical Research Centre 
of Finland Ltd (VTT) was granted the decommissioning 
licence by the Council of State, after the STUK performed 
the safety assessment in 2019. Finnish parties, including 
the Ministry of Economic Affairs and Employment of 
Finland (MEAE) and VTT, continued talks with the US 
Department of Energy (DOE) to return spent nuclear fuel 
to the United States. The reactor at the United States 
Geological Survey (USGS), located in Denver, received 
the used fuel from FiR 1 in January 2021.

 • In France, in accordance with French national energy 
policy, Électricité de France (EDF) shut down both 
reactors at the Fessenheim nuclear power plant during 
2020. Decommissioning is scheduled to start by 2025 
and should last 15 years. The defuelling phase is ongo-
ing while in parallel EDF is preparing the shipment of the 
steam generators to its Swedish melting facility in order 
to sort, reuse and recycle the material as much as possi-
ble. This is part of EDF’s strategy to reduce the volume 
of waste to be disposed of, considering the environment 
and raw resource preservation (which include disposal 
as a rare resource to be preserved). The feedback from 

such decommissioning will allow EDF to capitalise on its 
experience to benefit the entire EDF Group worldwide as 
well as its partners over the long term. This EDF strategy 
will continue to be applied to the 11 already shutdown 
reactors. Nine of these reactors are now being decom-
missioned in parallel spread over seven different sites and 
are of four different nuclear technologies: PWRs, a Fast 
Breeder Reactor, a Heavy Water Reactor and Graphite 
Gas-Cooled Reactors. Regarding this latter technology, 
EDF Chinon A2 will be the first of a kind full-scale graph-
ite nuclear power plant in the world to be dismantled. 
Dismantling will start in 2032, using mainly innovative 
remotely operated devices. To meet such a challenge, 
EDF embedded a Decommissioning Graphite Reactor 
Demonstrator Facility in its strategy. It will enable the 
definition, testing and qualification of decommissioning 
scenarios thanks to specially designed representative 
full-scale mock-ups. This installation rapidly gathered the 
attention of several member countries, as well as being 
recognised by International Organisations (OECD/NEA, 
EC…). In September 2021 it was acknowledged as an 
“IAEA Collaborating Centre” and inaugurated on 23 June 
2022. It will become a testing and training platform for 
operators from all over the world in the use of remote 
handling and digital tools for decommissioning. 

In 2021, the CEA has continued its waste retrieval 
projects, especially finalising alpha waste retrieval in the 
UP1 reprocessing plant (usine d’extraction du plutonium 
n°1 de Marcoule); CEA has also successfully defuelled 
more than 90% of nuclear fuel of its research reactors 
(Phenix aside – 45% in progress). CEA’s most important 
current projects are the construction of liquid and solid 
waste conditioning and storage facilities – no less than 
9 different facilities are currently under construction at 
different CEA locations which will be instrumental in 
allowing high-level and mid-level waste retrieval over the 
next decade. Important work has also been undergone 
in terms of dismantling high-level cells in Marcoule and 
plutonium cryo-treatment hot labs in Cadarache. Finally, 
CEA is preparing further steps by increasing its R&D effort 
towards decontamination, measurement techniques, 
remote handling robots and by developing more precise 
waste characterisation methods. 

Orano has been engaged in decommissioning of its own 
facilities since the 1980s, often for re-purposing older 

Installation of a remote-controlled arm for underwater cutting.
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facilities at the time. The most significant decommissioning 
projects at the moment are UP2-400 and Georges Besse 
1. At the end of 2020, approximately 35% of UP2-400 
facility decommissioning was completed. In 2021, 
dismantling activities focused on the retrieval of legacy 
waste, and dismantling of the main process equipment, 
both in alpha contaminated and beta gamma contaminated 
facilities. The three largest legacy waste retrieval projects 
in La Hague are: (i) Silo 130, a large inventory of graphite, 
magnesium and mixed waste stored in a concrete silo. 
The construction of the retrieval and waste conditioning 
equipment was completed by 2018, and retrieval began 
in October 2019; (ii) Silo HAO, a large inventory of mixed 
oxide fuel hulls and end pieces stored under water in a 
vast metal clad silo. The construction of the retrieval cell 
and equipment installation on top of the silo is in progress; 
(iii) Silos STE2, a 10 000 m3 inventory of sludge resulting 
from effluent decontamination. The sludge conditioning 
process is currently under study while preparatory works 
to allow future equipment installation are in progress. For 
the Georges Besse 1 programme, following four years 
of post-operation cleanout and plant rinsing from 2012 
to 2016, the decommissioning licences were obtained 
in 2020. The Basic Design Phase is almost completed, 
and detailed design of the decommissioning scenario is 
expected to start in 2022.

In order to assess its licensees’ ability to implement its 
decommissioning projects or its legacy waste retrieval 
and packaging projects (WRP)in accordance with the stip-
ulated timeframes, theFrench Nuclear Safety Authority 
(ASN) developed, jointly with the General Directorate for 
Energy and Climate, an exploratory approach to moni-
toreach project. This exploratory approach allows a com-
bined assessment of compliance with deadlines, scope 
and cost, as these three aspects are closely dependent 
on each other.

 • In Germany, the COVID-19 situation did not significantly 
delay decommissioning projects. At some sites, 
dismantling activities were reduced for a limited period 
(especially during outages of a nuclear reactor in operation 
with another one in decommissioning at the same site) 
or the emphasis shifted from dismantling activities in the 
controlled area to outside activities in the supervised area. 
All necessary safety-related activities, such as inspections, 
were carried out. The Nuclear Waste Management 
Commission (ESK), which advises the German Federal 
Ministry for the Environment, Nature Conservation, 
Nuclear Safety an Consumer Protection (BMUV) in 
matters of nuclear waste management (conditioning, 
storage and transport of radioactive materials and waste, 
decommissioning and dismantling of nuclear facilities, 
and disposal in deep geological formations), published its 
“Guidelines for the decommissioning of nuclear facilities” 
in an updated version on 5 November 2020.

 • In Italy nine nuclear installations are in the decommission-
ing phase and currently have reached different stages of 
dismantling. All the plants are managed by the Società 
Gestione Impianti Nucleari SpA (Sogin), owned by the 
Italian State. They include (1) four nuclear power plants, 
(2) four plants related to the fuel cycle (two for pilot activ-
ities on the reprocessing of spent fuel of the U-Pu and 
U-Th cycles, one for the handling of mixed U-Pu oxides 
and production of MOX fuel, and an industrial plant for 
the production of nuclear fuel LEU, (3) and the ISPRA 1 
research reactor located at Ispra Joint Research Centre 
of European Commission. All plants have been under 
permanent shutdown since the early 1990s. In particular, 
the nuclear power plants of Garigliano (160MWe BWR), 
Trino (270MWe PWR) and Caorso (870MWe BWR), have 
been defuelled, low contamination systems and ancillary 
components dismantled, and operating waste treated. 
Following the decommissioning authorisations about 
10 years ago, common decommissioning projects and 
guidelines were developed for the three vessels being 
dismantled, taking into account the different layouts and 
the application of tailored technical decommissioning 
solutions. The fourth reactor, Latina (single 210 MWe 
Magnox graphite reactor), obtained the decommissioning 
authorisation on May 2020 and Sogin has begun with the 
initial phase of dismantling, starting with the dismantling 
of the steam generators. The fuel cycle pilot plants have 
completed the removal of fuel and nuclear material and 
are engaged in the construction of medium-range liquid 
radioactive waste conditioning plants, while the indus-
trial nuclear fuel production plant is in the final stage of 
decommissioning.

 • In Japan, from the viewpoint of resource utilisation, 
there is an ongoing effort to promote the recycling of 
wastes below the clearance level by expanding recycling 
destinations and enhancing public understanding. The 
Ministry of Economy, Trade and Industry (METI) will 
carry out a demonstration project for the establishment 
of a safe recycling process with industrial operators in 
the 12  months through March 2022. The 5th revision 
of the “Mid-and-Long Term Roadmap towards the 
Decommissioning of Tokyo Electric Power Co. (TEPCO) 
Fukushima Daiichi Nuclear Power Station” was 
published in December 2019. This latest roadmap sets 
the basic principle of coexistence of reconstruction and 
decommissioning and sets milestones, such as the 
completion of the installation of the large cover at unit 
1 to allow for fuel removal to take place by around 2023, 
with safety as the top priority. In 2021, an analysis was 
completed of the Advanced Liquid Processing System 
(ALPS) re-purification performance confirmation tests. 
Also, fuel removal from the Spent Fuel Pool in unit 3 was 
completed. There was an approximate one-year delay in 
the trial fuel debris retrieval from unit 2, mainly due to the 
COVID-19 pandemic. Progress was made also in water 
management during 2020. The amount of contaminated 
water generated was around 140 m3 per day in 2020, 
around a third of the 2014 levels. The contaminated 
water is purified to remove most radionuclides other 
than tritium, and is stored in tanks. In April 2020, the 
report and water management status were reviewed 
by the International Atomic Energy Agency (IAEA). The 

Spent fuel pool from the shut-down Caorso Nuclear Power Plant, Italy.
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government of Japan continues to examine the handling 
method for this treated water, taking into account the 
opinions of concerned populations, the report of the 
governmental subcommittee published in February 2020 
and the report reviewed by the IAEA. On this occasion, 
the two options suggested by the subcommittee, vapour 
release and discharge into the sea, were both deemed 
technically feasible. In April 2021, the Government of 
Japan announced the “Basic Policy”, which includes 
the selection of discharge into the sea as a method of 
discharge of ALPS treated water. Also, it should be noted 
that the magnitude 7.3 earthquake, which occurred in the 
sea off Fukushima on 13 February 2021, caused a drop in 
the water level in the primary containment vessel, a leak 
in the fuel storage pool, a leak from a flange tank, as well 
as a shift of the position of water tanks in the Fukushima 
nuclear power plant site. TEPCO confirmed these issues 
did not have any impact outside the plant.

 • In Korea, the government unveiled on 17  April 2019 
a blueprint to build up the nuclear decommissioning 
industry, with the aim of becoming one of the top five 
global players in the field by the mid-2030s. The Ministry 
of Trade, Industry and Energy said Korea hopes to 
account for 10% of the world’s nuclear decommissioning 
market by taking advantage of its nuclear phase-out plan 
to gain valuable know-how and technology. It said the 
decommissioning industry can become a new growth 
engine for the energy industry. Under the phase-out plan 
announced by the government, Korea would reduce the 
number of commercial nuclear reactors to 14 units by 
2038 from the current 24, while increasing the share of 
renewable energy in its power portfolio to 20% by 2030 
from the current 7%. The ministry said the imminent 
decommissioning of unit 1 at the Kori nuclear power plant 
will help Korea acquire the technology needed to further 
develop the industry. Kori 1 was officially shutdown in 
June 2017, after 40 years of commercial operation. Korea 
Hydro & Nuclear Power (KHNP) has applied to the Nuclear 
Safety & Security Commission (NSSC) for approval to 
dismantle unit 1 of the Kori nuclear power plant near 
Busan in May of 2021.

 • In Norway, the Norwegian Nuclear Decommissioning 
(NND) agency is established under the Ministry of Trade, 
Industry and Fisheries (NFD) and will eventually take over 
responsibility for radioactive waste management and 
decommissioning, as well as running the repositories 
for nuclear waste and spent fuel. The NND is expected 
to start applying for the license in 2021. The research 
reactors at Halden and Kjeller are permanently shut 
down, but no application has yet been made for a licence 
to start decommissioning: the Norwegian Radiation 
and Nuclear Safety Authority (DSA) regulates the 
current licensee and will regulate the NND. Norway is 
developing a National Strategy for the Management of 
Radioactive Waste, including management of spent fuel 
and decommissioning. The NFD developed a proposal to 
the Norwegian parliament on the safe decommissioning 
of the Norwegian nuclear facilities and management 
of nuclear waste (Meld. St. 8 (2020–2021)). However, 
COVID-19 has affected skills development and training 
in Norway. The pandemic has restricted travel and lead 
to the delay or cancelation of international training and 
other skills development opportunities. This is particularly 
challenging for Norwegian organisations as the availability 
of training for the nuclear sector in Norway is limited.

 • In Russia, seven nuclear power plant units are permanently 
shut down and two are being decommissioned. The 
option of immediate dismantlement was chosen for all 
units. Decommissioning of Novovoronezh units 1 and 
2 was adopted as a pilot project and is expected to be 
completed by 2035. Nuclear decommissioning activities 
under Federal Target Programme NRS-2 were performed 
at 19 sites and affected 42 facilities, with the following 
sites worthy of note:

 – FSUE Mining and Chemical Combine (MCC): The 
dismantling of a surface liquid radioactive waste (LRW) 
storage reservoir (pool 365) is under way. To date, 
radioactive wastes in the form of silt deposits have 
been completely removed from the pool. Engineering 
surveys and the development of documentation required 
for decommissioning are under way. The Production 
Uranium-Graphite Reactor (PUGR) AD decommissioning is 
ongoing. According to the selected design option, reactor 
premises are being backfilled with clay-based barrier 
materials. Operations on PUGR ADE-1 decommissioning 
have started. 

 – JSC Siberian Chemical Combine (SCC): Strategies were 
implemented for the development of radioactive waste 
disposal facilities at the sites of surface LRW storage 
facilities. Upgrades to surface LRW storage reservoirs 
B-1 and B-25 were completed, achieving a long-term 
safe storage configuration. These projects were based 
on the engineering solutions initially developed for 
the B2 reservoir. The experience gained allowed for a 
considerable reduction in the time and cost of relevant 
operations. Upon completing remediation efforts, a system 
to monitor the state of the facilities was commissioned. At 
the pre-design stage of decommissioning, a digital model 
representing facilities and the site of the radiochemical 
plant was developed. 

 – FSUE Mayak Production Association (PA Mayak): 
Seven facilities at this radiochemical plant have been 
decommissioned. Pre-decommissioning efforts are under 
way at other buildings and structures to demonstrate the 
hydrogeological safety of decommissioning. In total, at 
least 14 more facilities are to be decommissioned at the 
PA Mayak site. Pre-conservation efforts are under way 
at the LRW storage reservoir V-17 (Staroe Boloto), which 
holds a total of 1.2 million curies (Ci). A design assignment 
has been developed and agreed upon and an expert 
examination of engineering surveys has been completed. 

 – Other sites: The dismantling of nuclear-powered 
icebreakers Arktika and Siberia operated by FSUE 
Atomflot is ongoing. Parts of the Arktika icebreaker were 
transported for long-term storage to the Sayda storage 
facility. A refining radiation survey was performed for 
the contaminated systems and equipment of the nuclear 
icebreaker Siberia, while individual sections and structures 
were dismantled and decontaminated. 

Decommissioning of the U-5 unit continues at the VNIINM 
site and the PUGR ADE-4.5 complex at PDC UGR (Pilot 
and Demonstration Center for Decommissioning of 
Uranium-Graphite Nuclear Reactor). Pre-decommissioning 
operations were started in 2021 at the site of building 
802 belonging to Angarsk Electrolysis Chemical Plant 
(AECC) separation production facilities (construction of 
infrastructure facilities, dismantling of auxiliary structures) 
and the facilities of the Kirovo-Chepetsk branch of FSUE 
FEO (Federal Environmental Operator) (former uranium 
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tetrafluoride and hexafluoride production facilities). A 
total of nine nuclear facilities were decommissioned in 
2020: seven buildings of the radiochemical plant at the 
PA Mayak site and two radioactive waste storage facilities 
at the SCC site. A total of 41 900 m2 of radioactively 
contaminated areas were remediated.

 • In the Slovak Republic, the decommissioning programme 
consists of two ongoing projects, both located at the 
Bohunice site. The first is the decommissioning of the 
A1 nuclear power plant, a heavy water gas-cooled reactor 
that was shut down in 1977 after a primary coolant 
system integrity accident with local damage to the fuel. 
The second project is the decommissioning of two VVER-
440 reactors at the V1 nuclear power plant that were 
shut down in accordance with government resolutions in 
2006 and 2008 respectively. In 2021, these two projects 
continued with certain restrictions and under conditions 
set by decommissioning company JAVYS. The focus of 
the V1 nuclear power plant decommissioning project 
currently is on dismantling the large-component reactor 
coolant system and steam generators. Preparation is also 
ongoing for the dismantling of steam generators at the A1 
nuclear power plant. The most important activities are 
the segmentation of activated components as well as the 
segmentation of steam generators.

 • In Slovenia, pursuant to national legislation and 
internationally recognised standards, the owner or 
operator of a nuclear or radiation facility is responsible 
for its decommissioning. In accordance with the Ionising 
Radiation Protection and Nuclear Safety Act and its 
implementing regulations, the owner or operator is also 
obliged to ensure an appropriate facility decommissioning 
programme. The programme for the decommissioning of 
the Krško nuclear power plant and the disposal of low and 
intermediate -level waste (LILW) and spent nuclear fuel 
from the Krško nuclear power plant (the Decommissioning 
Programme) was prepared in April 2004 and approved 
in 2005. The Decommissioning Programme must be 
updated at least every five years. An intergovernmental 
commission gave its final approval of the third revision of 
the document in July 2020. The Slovenian government 
decided in July 2020 that electrical power company GEN 
Energija should increase payments from the previous 

0.003 EUR per kWh to 0.0048 EUR per kWh starting 
1 August 2020 until the approval of the next revision of 
the Krško nuclear power plant Radioactive Waste and 
Spent Fuel Disposal Program, and Decommissioning 
Program. As for the decommissioning of the TRIGA 
Mark II Research Reactor, a research project estimating 
the quantity and composition of LILW resulting from 
dismantling was carried out. A decommissioning plan for 
the reactor was prepared in 2007 and revised in 2016 
and 2021. At present, there are no plans to shut down 
this reactor in the near future. It has been estimated 
that about 105 tonnes of LILW would be produced in 
decommissioning.

 • In Spain, the Vandellòs 1 nuclear power plant (graphite-
gas UNGG-500 MWe) continues in dormancy (safe 
store of the pre-stressed thick concrete reactor vessel). 
The work in progress is focused on the conditioning 
and removal of the waste stored in the interim storage 
facility, on the monitoring and maintenance activities of 
the reactor containment, and on the preparation of the 
level 3 of the dismantling process. The decommissioning 
of José Cabrera (Zorita), a PWR-type 160 MWe reactor, 
is close to its final stages. Once the dismantling of 
systems and components, the removal of activated/
contaminated structures and embedments as well as 
decontamination of buildings have been completed, the 
dismantling work of the José Cabrera nuclear power 
plant will focus on the implementation of the clearance 
methodology, the demolition of buildings and structures, 
and the remediation of the site. The latest review showed 
the works program to be 95% complete. A third nuclear 
power plant, Santa María de Garoña (BWR-460 MWe), 
was permanently shut down in 2017. A report justifying 
the option to dismantle in two phases was presented to 
the Ministry for Ecological Transition and the Demographic 
Challenge (MITERD). The Framework Agreement 
on Activities Prior to the Dismantling of the Nuclear 
Power Plant between the Spanish radioactive waste 
management agency (Enresa) and the nuclear power 
plant owner, NUCLENOR, was approved. According to 
Enresa’s forecasts, the authorisation could be effective 
in 2022, which would be the starting point for work in 
the first phase of decommissioning. This phase, which 
is expected to last three years, will focus on loading 

José Cabrera nuclear power plant, Spain.
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Krško nuclear power plant, Slovenia.

Katja143, CC BY-SA 4.0 via Wikimedia Commons
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spent fuel in casks and transferring it from the pool to 
the plant’s individual spent fuel storage facility, as well 
as on the dismantling of the turbine building with the 
aim of preparing it to be an auxiliary dismantling building 
necessary for the execution of the second phase. The 
second phase of the decommissioning will also require 
authorisation from MITERD, after a favourable report from 
the Nuclear Safety Council (CSN). In this phase, which is 
expected to start in 2025 and last seven years, the reactor 
and the rest of the buildings with radiological implications 
will be dismantled. The phase foresees decontamination 
and declassification activities, demolition of buildings, and 
eventually the environmental restoration of the site. 

 • In Sweden,  the licensee of the Barsebäck nuclear power 
plant NPP (two boiling water reactors, BWR), Barsebäck 
Kraft AB, was granted all the necessary authorisations 
for the dismantling and demolition of the units in 2019. 
In the second half of 2020, the licensee commenced the 
segmentation of the reactor pressure vessels and the dis-
mantling of the turbines and generators. After the latter 
works have been completed in mid-2021, the dismantling 
of the turbine condensers and systems in the reactor con-
tainments commenced. So far, the COVID-19 pandemic 
has not had a significant impact on the licensee’s imple-
mentation of the decommissioning plan for Barsebäck 
units 1 and 2. The radiological dismantling and demolition 
of Barsebäck Units 1 and 2 is planned to be completed by 
2028. Clearance of the remaining structures of Unit 1 and 
2 and theirconventional demolition is planned to be com-
pleted by 2030.In 2020, a new interim storage facility for 
low-level waste from decommissioning was authorised 
by the radiation safety authority, SSM, and constructed. 
Test operation of the facility commenced in January 2021. 
These facilities will be decommissioned once the nuclear 
waste has been transferred to the respective final repos-
itory or an external interim storage facility. 

At the Oskarshamn site, the two oldest boiling water reac-
tors (BWR), units 1 and 2, were permanently shut down in 
2017 and 2015, respectively. All spent nuclear fuel, con-
trol rods, and core instrumentation from these units were 
transferred to the Central Interim Storage Facility (CLAB) 
by 2019. The first decommissioning activities, which 
consist in the segmentation of reactor internals, were 
conducted between 2018 and 2020. During 2020, the 
turbines and generators of both units were dismantled. 
In December 2020, the licensee started the dismantling of 

the systems in the reactor containment at Oskarshamn 2 
and, during the first two months of 2021, the dismantling 
of turbine condensers at both units. Additionally, the con-
struction of another interim storage facility for low-level 
waste from decommissioning was authorised in July 2020 
and took place during the second part of the year. The 
radiological dismantling and demolition of the two units 
should be completed by 2028. Clearance of the remaining 
structures and conventional demolition is planned to be 
conducted in the mid-2040s, after the permanent shut-
down of unit 3 at the Oskarshamn site.

At the Ringhals nuclear power plant, Unit 2 (Pressurised 
Water Reactor, PWR)  was permanently shut down at the 
end of 2019. Unit 1 (BWR)was permanently shut down 
on 31 December 2020. The licensee, Ringhals AB, will 
continue to hold the licences during decommissioning. 
The decommissioning programme has started. Early 
activities include the transfer of spent fuel and control 
rods and core instrumentation to the CLAB, the primary 
circuit decontamination and separation of units 1 and 2.

The decommissioning project of the test and research 
reactors in Studsvik, which started in February 2015, is 
now close to being finished. The facility is being prepared 
for free release. Conventional demolition will, according 
to current plans, start in 2022.

The Ågesta pressurised heavy water reactor was perma-
nently shut down in 1974. The licensee, Vattenfall AB, 
was granted all the necessary authorisations for the 
decommissioning activities in 2020. Decommissioning 
work was brought into full speed during the last half of 
2020. According to current plans, the work should be fin-
ished by the end of 2024. 

The uranium mining and milling facilities in Ranstad were 
constructed and operated in the 1960s. All remaining 
nuclear installations are now demolished. The restoration 
and final radiological survey of the site are finished. Site 
release for industrial use with restrictions was approved 
at the end of 2019. The mill tailings area close to the 
industrial site will remain under institutional control. In 
2020, the final decommissioning report and archives for 
the Ranstad site were submitted to the Swedish radiation 
safety authority (SSM) for review. 

 • In Switzerland, the Swiss Federal Office of Energy 
(SFOE) approved in 2018 the decommissioning plan 
for the commercial nuclear power plant of Mühleberg. 
Immediately after the shutdown in 2019, BKW Energy 
Ltd started dismantling activities with spent fuel on site. 
The planned activities in the first two years include the 
clearing out of the turbine building and the installation of 
decontamination and waste treatment facilities as well as 
the removal of the reactor pressure vessel (RPV) internals. 
On 15 September 2020, the operating licence was super-
seded by the decommissioning order and the first phase 
of decommissioning officially began. The preparatory 
assembly works for the cutting, packaging and removal 
of the RPV internals are almost complete. In 2021, instal-
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lation and commissioning works were also under way on 
new and replacement support systems for the decommis-
sioning process (e.g. new power supply, new vaporiser 
units, replacement of the old demineralisation production 
facility). According to the plans of BKW, decommissioning 
will be completed in 2030. Project HERON (the decom-
missioning of the Beznau nuclear power plant) was set 
up in 2016 to prepare for a final decommissioning plan, 
which includes obtaining a decommissioning licence 
before power production ceases. HERON wants to use 
the preparation time to create an optimal technical and 
organisational setup for decommissioning, including 
post-operation, nuclear dismantling and disposal of radio-
active waste. In addition, there are two nuclear facilities 
that have already been completely decommissioned 
(VAKL Lucens and Uni Genève RR). Five nuclear facilities 
(DIORIT, SAPHIR, PROTEUS and UNI BASEL research 
reactors and PSI test incinerator facility) are in the process 
of being decommissioned in the country.

 • In the United Kingdom (UK), the Energy Act requires the 
Nuclear Decommissioning Authority (NDA) to review its 
strategy at least every five years, setting out its strategic 
direction and objectives. In 2020 the consultation process 
of the NDA’s strategy was carried out and the new 
strategy published in March 2021. The NDA is responsible 
for delivering the decommissioning and clean-up of the 
United Kingdom’s 17 public sector civil nuclear legacy 
sites. Tackling the legacy safely, securely, cost-effectively 
and in ways that protect the environment, while 
minimising the burden to taxpayers, remains a national 
priority. The NDA’s funding has been maintained at around 
GBP 3 billion a year, enabling it to continue to make 
progress on decommissioning, with a particular focus 
on tackling the highest hazards at Sellafield. Four areas 
for improving productivity, efficiency and effectiveness 
across the whole of the NDA group have been identified: 
Reducing waste – finding new ways to drive the waste 
hierarchy, increasing recycling and reuse in order to reduce 
volumes sent for disposal; Intelligent infrastructure – using 
autonomous technology to manage assets and buildings 
proactively and efficiently; Moving humans away from 
harm – reducing the need for people to enter hazardous 
environments using autonomous systems, robotics and 
wearable technology; Digital delivery – adopting digital 
approaches for capturing and using data, to improve 
planning, training and aid decision making. By 2030, the 
NDA aims to achieve: i) 50% of waste produced from 
decommissioning and clean-up being recycled; ii) Over 
70% reduction in the generation of “secondary wastes” – 
particularly those associated with decontamination; iii) All 
new buildings to be self-monitoring and energy neutral 
by 2030 – with a 50% lifetime cost reduction; iv) A 50% 
reduction in decommissioning activities carried out by 
humans in hazardous environments. Having completed the 

review of the Magnox reactor decommissioning strategy, 
the NDA and Magnox Limited have concluded that whilst 
the deferred decommissioning strategy continues to have 
benefits in some cases, it is not appropriate as a blanket 
strategy for all reactors in the Magnox fleet because 
of their different designs, locations, age and physical 
condition. Consequently, the NDA has endorsed a site-
specific approach to Magnox reactor decommissioning 
which will involve a mix of decommissioning strategies. 
For some sites this will result in their decommissioning 
being brought forward whilst for others a deferral strategy 
with varying care and maintenance periods will be the 
chosen approach. Magnox Limited is now preparing 
business cases, informed by local and national stakeholder 
views, for implementing this strategic change. Sellafield 
is home to some of the highest hazard facilities in the 
NDA estate: The Legacy Ponds and Silos and the Special 
Nuclear Materials Facilities. The retrievals programme 
to remove the inventory of radioactive waste from the 
Legacy Ponds and Silos is being accelerated with the 
use of innovative technology and first-of-a-kind solutions. 
Britain’s most hazardous nuclear building is now a step 
closer to being decommissioned and is one of the NDA’s 
priority programmes. The demolition of Sellafield’s tallest 
stack is almost complete.

 • In the United States, as of 30 September 2021, the 
Nuclear Regulatory Commission (NRC) is providing 
regulatory oversight of 26 permanently shut down power 
reactors in various stages of decommissioning. Of these 
26 reactors, 16 are undergoing active decommissioning 
(DECON) and 10 have elected to defer dismantlement 
(SAFSTOR), as permitted by regulation to allow for 
radioactive decay. These 10 reactors are: Dresden unit 1, 
Fermi unit 1, GE Vallecitos BWR, GE Vallecitos-ESADA-
Vallecitos Experimental Superheat Reactor (EVESR), 
Indian Point unit 1, Millstone unit 1, Peach Bottom unit 
1, Three Mile Island units 1 and 2, and Kewaunee. Duane 
Arnold and Indian point 3 permanently shut down in 2021 
and will be placed in deferred decommissioning. Three 
additional reactors, Palisades, and Diablo Canyon units 
1 and 2, have issued press releases or submitted formal 
notifications to the NRC stating that they will permanently 
shut down between 2022 and the end of 2025.

The 13 power reactors in active decommissioning are: 
San Onofre units 1, 2, and 3, Zion units 1 and 2, Humboldt 
Bay, La Crosse, Fort Calhoun, Crystal River, Nuclear Ship 
Savannah (which possesses an NRC licence under 10 CFR 
Part 50 for power reactors), Oyster Creek, Pilgrim, and 
Vermont Yankee. San Onofre units 1, 2 and 3 are on a 
20-year schedule to perform radiological decommission-
ing. Zion units 1 and 2 have completed all physical decom-
missioning after being in a safe storage for 15 years and 
decommissioning should be completed in calendar year 
2022. The Humboldt Bay licence termination plan was 
approved in 2016, and since then the NRC has completed 
its review and has approved the license termination on 
November 18, 2021. The La Crosse licence termination 
plan was approved in 2019, and should be completed in 
calendar year 2022. Fort Calhoun announced the selection 
of Energy Solutions as the decommissioning contractor 

Aerial view of the Sellafield site, Sellafield,  
United Kingdom.
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and has started active decommissioning with the removal 
of large reactor components in storage. Crystal River 
transferred the licence to Accelerated Decommissioning 
Partners (ADP) in October 2020, and ADP plans to 
decommission the site by 2027. GPUN has requested a 
licence transfer to TMI-2 Solutions, a subsidiary of Energy 
Solutions. If the transfer is approved, TMI-2 will enter 
active decommissioning. The Nuclear Ship Savannah has 
completed modifications to allow access to the reactor 
compartment as the first step in the decommissioning 
process. Vermont Yankee entered DECON after a first-
of-a-kind licence transfer with asset sale from Entergy to 
NorthStar was approved by the NRC. NorthStar expects 
to complete decommissioning by 2030. With the licence 
transfer approvals with asset sales in 2019 for Oyster 
Creek and Pilgrim to Holtec International, these sites are 
also beginning active decommissioning on accelerated 
schedules. The NRC expects power reactor decommis-
sioning activities to increase in the upcoming years and 
several power reactor licensees have announced they 
are considering licence transfers to facilitate decommis-
sioning of the plants. The progress in power and early 
demonstration reactor decommissioning is expected to 
continue, with the completion of decommissioning activ-
ities at the two General Atomics TRIGA research reactors. 
The NRC continues to work with other federal agencies, 
states, and other interested parties to address the varied 
challenges at sites with technical or financial issues. The 
NRC is currently overseeing 12 complex materials sites 
that are undergoing decommissioning. Complex materials 
sites are defined as sites where the complexity of the 
decommissioning process will require more than minimal 
technical and administrative support. For these sites, the 
decommissioning process is expected to take more than 
a year.

The Department of Energy (DOE) is responsible for and 
has regulatory authority over most of the spent nuclear 
fuel (SNF) and radioactive waste management activities 
for DOE-owned and generated waste and materials, 
mostly located on government-owned sites. This includes 
disposition of low-level waste, transuranic waste, gov-
ernment-owned SNF, and Greater-Than-Class-C waste. 
Significant progress continues to be made on disman-
tling, decommissioning and environmental remediation 
projects across the DOE complex. The United States has 
a legacy of radioactive waste from past government activ-
ities spanning five decades. A total of 107 sites covering 
more than 0.8 million hectares of land have been used by 
the government for nuclear research and development 
and nuclear weapons production activities. Only a small 
fraction of this land has detectable contamination. Full 
remediation is complete at 91 of 107 DOE sites.

Recent significant achievements in DOE clean-up efforts 
include the following: Savannah River Site (SRS) com-
pleted plant commissioning and performance tests at 
the Salt Waste Processing Facility and expects to begin 
plan operation in 2022 to process up to 7.3 million gallons 
(27 633 m3) of liquid radioactive waste from tanks each 
year. At Hanford, the DOE completed the removal of all 
radioactive sludge from the historical K Waste Reactor 
Basin, as well as the transfer to safer interim storage. 
The Waste Treatment and Immobilization Plant, which 

will treat lower activity tank waste, began commissioning 
activities in preparation for plant operations. The DOE also 
completed the demolition of the Plutonium Finishing Plant, 
which was once the highest-risk building at the site. At the 
Oak Ridge site, the DOE completed its largest clean-up 
project to date, removing over 500 structures - including 
the massive former uranium enrichment facilities – with 
a footprint of 13 million square feet (1.2 million square 
meters), along with major soil remediation projects. The 
site is being transformed into a private-owned multi-use 
industrial park. At the Energy Technology Engineering 
Center (ETEC), the DOE completes clean-up after more 
than a 10-year hiatus and demolished more than a dozen 
buildings in 2020. Remaining DOE buildings on site were 
removed in October 2021. At the historic Tonopa Test 
Range, in Nevada, remediation was completed, with 70 
associated sites conveyed to the DOE Office of Legacy 
Management for long-term stewardship – the first such 
transfer in more than a decade.

Nuclear science, technology and 
education
The quickening pace of technological change across the 
global energy landscape has presented the nuclear sector 
with both challenges and opportunities, triggering a shift 
towards a holistic, innovation-centric approach to designing 
nuclear systems. 

New fuels and materials remain on a path of continuous 
innovation. Existing water cooled reactors have seen 
deployments of new fuel technologies developed to enhance 
safety margins. In the United States, the Calvert Cliffs nuclear 
power plant has loaded lead test assemblies, developed 
under a collaboration between fuel vendor Framatome 
and the US Department of Energy (DOE), that contain 176 
chromium-coated rods and chromia-enhanced pellets. This 
builds on previous work that included completing an 18-month 
fuel cycle test on lead fuel assemblies in Switzerland and the 
United States. In Russia, the Rostov 2 power station has 
also rolled out new fuel assemblies using chromium-nickel 
alloy. The use of this improved fuel marks the culmination 
of significant research and development (R&D) efforts that 
took place after the events at the Fukushima Daiichi nuclear 
power plant in 2011.

Beyond this progress in fuels and materials, the long-term 
success of nuclear power depends on the timely roll-out of 
innovative reactor designs.

Framatome Advance Nuclear Fuel GmbH – Fuel Assembly Hall.

Framatome
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The ability of advanced designs to directly use process 
heat from nuclear stations, bypassing the need to ineffi-
ciently convert the energy to electricity, is an important 
consideration in the next generation of reactor systems. 
High-Temperature Gas-Cooled Reactors (HTGRs) represent 
a proven technology with sufficiently high process heat, 
and their development continued worldwide in 2021. The 
Japan Atomic Energy Agency (JAEA) successfully restarted 
operation of the High-Temperature Engineering Test Reactor 
(HTTR), a 30 MWt experimental HTGR that is being used 
to explore industrial technologies to generate hydrogen. In 
China, twin 250 MWt HTGRs achieved criticality during 2021. 

Private sector interest in nuclear systems innovation 
has led to public-private partnerships. In the United States, 
X-Energy is seeking to leverage advances in materials to 
manufacture high -temperature gas systems to be used 
domestically or to power the next generation of space 
exploration. Terra Power plans to build Natrium reactors to 
demonstrate how sodium fast reactor technology would 
work. It intends to submit the demonstration plant’s 
construction permit application to the US Nuclear Regulatory 
Commission (NRC) in 2023. 

Novel systems using liquid metal or molten salt seek 
to reduce the amount of waste and ensure the long-term 
sustainability of the fuel cycle.

Globally, developers of lead-cooled systems have 
begun setting up facilities to advance the technology to a 
position where it can be industrially implemented. In Russia, 
construction of the BREST-OD-300 has started with the 
completion of the base slab of the reactor. The reactor is 
part of a Pilot Demonstration Energy Complex (PDEC) that 
will produce, irradiate, and reprocess fuel. While Russia 
has accumulated much experience with lead systems, the 
technological merits have motivated other countries to 
expand their expertise as well. To support European efforts 
to develop a lead-cooled fast reactor, this year it was agreed 
that The Advanced Thermo-Hydraulics Experiment for 
Nuclear Application (ATHENA) facility would be built at the 
Institute for Nuclear Research Pitesti (RATEN- ICN) research 
centre in Romania, which will provide detailed insight into the 
chemistry and thermal-hydraulics of lead-based systems. 

Molten salt shares many of the advantages of lead 
systems. In the United States, Kairos Power is developing 
a 140 MWe fluoride salt-cooled, high -temperature reactor 
using TRi-structural ISOtropic particle (TRISO) fuel, and is in 
the process of licensing the Hermes demonstration reactor, 
which is expected to be operational by 2026. This key piece 
of experimental infrastructure will support the development 
of the technology. In Canada, Moltex Energy has completed 
Phase 1 of the Canadian Nuclear Safety Commission’s pre-
licensing vendor design review for its 300 MWe Stable 
Salt Reactor-Waste burner (SSR-W), which seeks to use 
spent fuel from existing CANDU stations as its primary fuel 
source. In August 2021, China announced the completion 
of the construction of a 2 MWe prototype thorium-fueled 
Molten Salt Reactor (MSR). Russia announced plans to 
develop and build a research MSR with a used fuel salt 
reprocessing module for the transmutation of long-lived 
actinides. It aims to prove technical feasibility and pave the 
way to full-scale reactors for industrial applications. In this 

context, MSRs would be considered a back-end element of 
the closed nuclear fuel cycle in a multi-component nuclear 
energy system.

In order to confirm the viability of innovations in fuels and 
reactor systems, flexible experimental infrastructures and 
new data science methods must be available. To advance 
the development of a flexible multi-tiered data and compu-
tational infrastructure, the US DOE will support collaborative 
research projects dealing with a diverse range of on-demand 
scientific data processing tasks and computationally inten-
sive simulations.

Experimental evidence is paramount to the success of 
innovative concepts and experimental research is currently 
undergoing a deep transformation, both allowed and driven 
by opportunities to collect, process and store vast amounts 
of data, increased computing capabilities as well as enhanced 
use of artificial intelligence. These data science aspects play 
a significant role at all stages of experimental work: from 
the design of the experiment and/or detectors, to the data 
acquisition and analysis of the detectors’ signal, to the way 
data is preserved and stored. 

In particular, past constraints on data volume would have 
encouraged scientists to extract the key data value from 
the measurement and dismiss less obviously relevant data, 
such as time series, analogue signal, etc. The situation now 
is different, thanks to greater storage and data handling 
capabilities, providing the opportunity to store a more 
complete data set, as well as the analysis routines and final 
result. This new paradigm not only presents the opportunity 
to dig deeper and extract new observables from the data, 
but it also supports open science and reproducible research 
values where the whole chain – from the data acquisition to 
the final observable – is openly available. This allows for new 
analyses of the data, as circumstances dictate, and more 
transparent research methods.

Furthermore, the extensive computing capabilities 
make it possible to model the experiment at a very fine 
level, which is key both for the design and for the analysis 
of the experiment. For example, recent experimental work 
has made it possible to produce experimental evidence for 
the long theorised clustering of neutrons in reactors at low 
power. This experimental evidence was made possible by 
the explicit simulation of all neutrons within the core thanks 
to massively parallel computing.

A cutout of a Stable Salt Reactor core (SSR).

Rybr00159, CC BY-SA 4.0 via Wikimedia Commons



30 | NEA Annual Report 2021

Complex experimental work relying on multi-dimensional 
and high resolution time series data, such as of fuel 
dimensional changes under transients or fluid dynamics, 
also relies on machine learning techniques to analyse the 
massive amount of data and support the human-based work 
of extracting the essence of the measurement to compare 
to the laws of physics.

Significant efforts were made to design the detectors and 
acquisition systems to accommodate such opportunities: not 
only can data science give a new perspective on experimental 
work, but experimental work is now developed to make the 
most of data science. This synergy has proved beneficial 
and opens new opportunities to support advances in nuclear 
technologies and transparency in R&D.

A collective realisation has emerged that the existing 
model of nuclear development inhibits a culture of innovation, 
including the ability to motivate the best and brightest minds 
of the next generation to contribute to the nuclear industry 
in a highly competitive landscape. 

To train future experts, the nuclear sector is updating 
its educational processes. Several initiatives in education, 
training and knowledge management gained traction during 
the COVID-19 pandemic, with digital technologies supporting 
active and collaborative learning. 

Nuclear organisations, both public and private, widely 
used online trainings and Massive Open Online Courses 
(MOOCs). The European Master in Nuclear Engineering 
(EMINE) promoted active training by using a Project-Based 
Learning (PBL) approach where courses are organised 
around transversal projects. The Enhanced Virtual Open Core 
(EVOC) multimodal nuclear training platform enables the 
National Institute of Nuclear Science and Technology (INSTN) 
in France to carry out unprecedented full-scale immersive 
training thanks to a reactor physics simulator equipped with 
a virtual reality immersion tool. 

Some countries focus on training the teachers and 
providing them with educational material: The ForoNuclear in 
Spain organises conferences for teachers wishing to extend 
their knowledge of nuclear energy and the environment, the 
Nucleando multimedia educational programme designed by 
Argentina’s National Atomic Energy Commission (CNEA) 
aims to encourage students and professionals in the field 
of nuclear science and technology and provide teachers 
with educational resources. Rosatom’s Technical Academy 
developed the Train-The-Trainers tool to assist newcomer 
countries in building nuclear expertise.

In the area of capacity building, Westinghouse developed 
a Global Competency Model (GMC), a list of skills maintained 
in a digital system. It has allowed Westinghouse to monitor 
and evaluate the qualifications and skills of experts and 
engineers and thus plan human resources development. 

Globally, the COVID-19 pandemic has continued to have 
a notable impact on education and training. Beyond the 
challenges and threats, it has also created opportunities to 
accelerate knowledge sharing and paved the way for the 
development of new tools and methodologies, such as new 
teaching methods, virtual reality tools, and open access 
learning platforms and hubs.

Nuclear law
Sound national and international legal frameworks are 
essential to the safe and peaceful uses of nuclear energy. 
The development of the legal frameworks started from 
the very beginning of the nuclear power industry, with 
the original conventions on non-proliferation, radiological 
protection and nuclear third party liability being adopted 
in the 1960s. During the 1970s, when the major nuclear 
programmes were continuing their fast development, 
mainly in Canada, Europe, Japan, the Soviet Union and the 
United States, focus was put on non-proliferation and the 
need to regulate nuclear trade. The lessons learnt from 
the 1979 Three Mile Island and 1986 Chernobyl nuclear 
accidents gave impetus to a new and important momentum 
to enhance the international legal framework. A series of 
international conventions were adopted in the 1980-1990s 
in the fields of nuclear safety, safety of spent nuclear fuel, 
radioactive waste management and public participation, 
while the nuclear liability regimes were modernised. After 
the terrorist attacks of September 2001, the international 
community reinforced the international legal framework to 
supress acts of nuclear terrorism. In addition, it should be 
noted that several general international environmental law 
conventions were adopted that apply to a variety of activities, 
including nuclear activities. The Convention on Environmental 
Impact Assessment in a Transboundary Context (Espoo 
Convention) and the Convention on Access to Information, 
Public Participation in Decision-making and Access to 
Justice in Environmental Matters (Aarhus Convention), for 
example, provide for procedural requirements that have to 
be fulfilled prior to countries taking certain decisions on 
nuclear energy-related activities. Recently, activities under 
those two conventions have notably focused on determining 
the requirements to perform transboundary environmental 

Entry into force of the 
2004 Protocols to amend 

the Paris and the Brussels 
Supplementary Conventions,  

December 2021.



31

impact assessments and public participation procedures in 
the context of decisions related to the long-term operation 
of nuclear power plants. In December 2020, the “Guidance 
on the applicability of the [Espoo] Convention to the lifetime 
extension of nuclear power plants” was endorsed by the 
Meeting of the Parties to the Espoo Convention to clarify 
under which circumstances lifetime extension of nuclear 
power plants may require a transboundary environmental 
impact assessment under such Convention. In October 
2021, the Meeting of the Parties to the Aarhus Convention 
endorsed findings by the Aarhus Convention Compliance 
Committee stating that decennial safety reviews for 
nuclear power plants must be subject to public participation 
requirements in accordance with the Aarhus Convention. On 
22 April 2021, the Regional Escazú Agreement on Access to 
Information, Public Participation and Justice in Environmental 
Matters in Latin America and the Caribbean entered into 
force. All treaties and conventions related to nuclear energy 
are available with links to relevant articles related to each 
treaty and convention published in the Nuclear Law Bulletin 
at www.oecd-nea.org/law/multilateral-agreements.

Notwithstanding the best efforts to ensure high levels of 
nuclear safety, the possibility remains that an accident may 
occur in a nuclear installation, i.e. - not only at nuclear power 
plants but also at other types of nuclear installations, such 
as those storing radioactive products or waste, or during 
the transport of nuclear substances to and from a nuclear 
installation.

A wide consensus exists on the importance of providing 
nuclear liability regimes, which address the concerns of 
all countries that might be affected by a nuclear accident, 
in order to provide adequate compensation for nuclear 
damage. To date, 28 out of the 34 NEA member countries 
have adhered to one or more of the international nuclear 
liability conventions – i.e., the Paris Convention on Third 
Party Liability in the Field of Nuclear Energy (the “Paris 
Convention”), the Vienna Convention on Civil Liability 
for Nuclear Damage (the “Vienna Convention”) and the 
Convention on Supplementary Compensation for Nuclear 
Damage (CSC); and 17 are parties to the Joint Protocol 
Relating to the Application of the Vienna Convention and the 
Paris Convention (the “Joint Protocol”). The trend since the 
Fukushima Daiichi accident has been for countries, especially 
newcomer or potential newcomer countries, to adhere to 
at least one of the enhanced conventions – i.e. the Paris 
Convention as amended by the 2004 Protocol (the “Revised 
Paris Convention”), the Vienna Convention as amended by 
the 1997 Protocol (the “Revised Vienna Convention”) and 
the CSC. However, based on the most recent accessions, 
there seems to be a tendency for countries to join the CSC, 
the Revised Vienna Convention and the Joint Protocol, which 
allows them to have treaty relations with all countries party 
to a nuclear liability convention. This is the case for Benin, 
Ghana, Montenegro, Romania, Rwanda and the United Arab 
Emirates. 

The purpose of the enhanced nuclear third party liability 
regimes (i.e. the Revised Paris Convention, the Revised 
Vienna Convention and the CSC) is to provide better 
protection to potential victims by, among other things, 
increasing the nuclear liability amounts and allowing states 
to opt for unlimited liability. They also provide for a broader 
range of nuclear damage to be compensated: in addition to 
personal injury and property damage, these conventions 
include certain types of economic loss, the cost of measures 
to reinstate a significantly impaired environment, loss of 

income resulting from the impaired environment, and the 
cost of preventive measures.

On 17 December 2021, the countries that signed 
the 2004 Protocols to amend the Paris Convention and 
the Brussels Convention Supplementary to the Paris 
Convention (the “Brussels Supplementary Convention”) 
deposited their instruments of ratification, acceptance or 
approval of both Protocols, with one of them doing so for 
the Paris Convention only. The only countries that did not 
deposit their instruments on that date were (i) Norway and 
Switzerland, which had already deposited their instruments 
of ratification of both Protocols in November 2010 and March 
2009, respectively; (ii) Spain, which had already deposited 
its instrument of ratification of the Protocol to amend the 
Brussels Supplementary Convention in January 2006, and 
(iii) Türkiye, which had deposited its instrument of accession 
of the 2004 Protocol to amend the Paris Convention on 4 
January 2022. Consequently, the Revised Paris Convention 
and the Brussels Supplementary Convention as amended 
by the 2004 Protocol (the “Revised Brussels Supplementary 
Convention”) entered into force on 1 January 2022 for all 
the Contracting Parties to the Paris Convention, except for 
Türkiye for which the Revised Paris Convention entered into 
force on 4 January 2022. The press release relating to the 
ratification ceremony is available at oecd-nea.org/Brussels-
Paris-Ratification, and the video of the speeches is available 
at: oe.cd/4kL.

Reactors continue to be built and “newcomer” countries 
continue to launch new nuclear power programmes. 
Evolutionary and revolutionary reactor designs are being 
developed, constructed and considered around the world, 
such as small modular reactors (including floating nuclear 
power plants). Skilled legal experts will be needed to 
respond to new legal challenges but also to address 
outstanding legal questions in countries that have decided 
to develop or maintain nuclear power programmes, as well 
as countries phasing out that will be facing the challenges of 
decommissioning and radioactive waste management. An 
example of outstanding legal questions regards funding for 
new reactors and its compatibility with applicable state aid 
rules. In light of these challenges, maintaining a sufficient 
number of knowledgeable, inquisitive and dedicated nuclear 
lawyers is critical not only at the national level, but also at the 
international level. ■

http://www.oecd-nea.org/law/multilateral-agreements
http://oecd-nea.org/Brussels-Paris-Ratification
http://oecd-nea.org/Brussels-Paris-Ratification
http://oe.cd/4kL
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NEA ACTIVITIES BY SECTOR

The goal of the NEA in this sector is to provide governments 
and other relevant stakeholders with authoritative, reliable 
information and analyses on current and future nuclear 
technologies, while emphasising the role of nuclear energy 
from a sustainable development perspective. A diverse 
range of studies covers key subjects such as techno-
economics, finance, resource analysis, energy and electricity 
demand and supply forecast and analysis, public opinion 
assessment, advances in nuclear reactor design, as well 
as nuclear fuel and fuel cycle technologies. The NEA can 
thus advise policymakers on national and international 
energy policies aiming to provide low-carbon energy and 
electricity in a cost-effective, reliable manner. To meet 
this goal, NEA staff throughout the division work closely 
with the Committee for Technical and Economic Studies 
on Nuclear Energy Development and the Fuel Cycle (NDC) 
and its associated expert groups. The nature of these 
areas of interest are such that some efforts are intrinsically 
cross-cutting, and the staff thus ensure co-ordination with 
other NEA and OECD programmes of work as needed.

Uranium: Resources, production  
and demand
In 2021, the joint NEA/International Atomic Energy Agency 
(IAEA) Uranium Group continued its efforts to address global 
uranium supply and demand issues and started preparing 
the 29th edition of Uranium 2022: Resources, Production 
and Demand.

The new edition will provide the most recent review of 
world uranium market fundamentals and will include data 
on global uranium exploration, investments, resources, 
production, and reactor-related requirements. It will offer 

information on established uranium production centres and 
mine development plans, as well as projections of nuclear 
generating capacity and reactor-related requirements through 
2040, in addition to the latest trends and developments in 
the nuclear fuel cycle area.

On 3-5 November 2021, the joint NEA/IAEA Uranium 
Group held its 57th meeting, hosted by the NEA. Various 
sessions brought together guest speakers from across the 
industry, academia and international organisations to explore 
today’s most pressing uranium mining issues including ura-
nium market volatility, supply and demand dynamics, envi-
ronmental, Social and governance (ESG) considerations, and 
discoveries, technology and innovation in uranium mining.

Nuclear energy data
Nuclear Energy Data 2021 (the “Brown Book”) will be final-
ised in early 2022 and contains official information provided 
by member countries on nuclear energy developments.  

Nuclear 
Development

Highlights 

 In June 2021, the NEA published the 
report on Ensuring the Adequacy of Funding 
for Decommissioning and Radioactive Waste 
Management. Prepared in close co-operation with 
member countries, the report combines a solid 
conceptual framework with insight from twelve 
case studies of NEA member countries to propose 
a new approach to the adequacy of funding that is 
both robust and flexible.

 The NEA held a webinar with legal experts and 
an industry panel to launch the report Long-Term 
Operation of Nuclear Power and Decarbonisation 
Strategies in July 2021. This study assesses the 
potential of long-term operation of existing nuclear 
reactors in all its dimensions to support ambitious 
decarbonisation strategies. Operational, supply 
chain and human resources considerations are 
also discussed. 

 The NEA published the report Small Modular 
Reactors: Challenges and Opportunities in 
March 2021. The report reviews the key technical 
features of SMRs, discusses their economic 
model, and explores the key conditions for their 
successful near-term commercial deployment.

 The NEA published the report Climate Change: 
Assessment of the Vulnerability of Nuclear Power 
Plants and Approaches for their Adaptation 
in November 2021. This report sets out the 
adaptation strategies that can be effectively 
implemented to improve the resilience of existing 
plants as well as any new installations.

 The NEA published the report Advanced 
Nuclear Reactor Systems and Future Energy 
Market Needs in December 2021. This study finds 
how advanced reactor technology can contribute 
to reducing diverse energy-related carbon 
emissions, including those from hard-to-abate 
sectors like heavy industry and transport.Nuclear Technology Development and Economics 

2021

Ensuring the Adequacy of Funding 

Arrangements for Decommissioning  

and Radioactive Waste Management

NNEEAA

NNEEAA

Nuclear Energy in the Circular Carbon Economy (CCE)
A Report to the G20
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The report includes 2040 projections of total electrical and 
nuclear generating capacities, as well as fuel cycle require-
ments and capacities. Also included are short narrative coun-
try reports that give updates on the status, trends and issues 
in national nuclear energy programmes and policies.

Contribution of uranium mining  
to economic development
The transformative activity of mining has numerous 
economic, social and environmental impacts that can be 
both positive and adverse for communities, ecosystems 
and economies. As the uranium industry seeks to address 
negative perceptions and legacies associated with past 
activities, environmental, socio-economic and governance 
aspects of the uranium mining life cycle are gaining increased 
attention from investors, communities, regulators and other 
stakeholders. 

While environmental and human health and safety concerns 
often dominate stakeholder engagement programmes and 
public conversations about uranium operations, less public 
discussion and analytical research are typically devoted to 
the socio-economic aspects. This was the starting point of 
the report Maximising uranium mining’s social and economic 
benefits: a guide for stakeholders, which is in the final stages 
of publication. 

Examining case studies from several countries helps to 
clarify how the numerous activities related to uranium mining 
affect various aspects of socio-economic development - 
including employment, supply chain investments, exports, 
taxes and royalties, innovation, infrastructure, education, 
and medical care. This report’s inventory of leading practices 
is intended to inform public debate on uranium mine 
development and provide policymakers with a framework of 
approaches to maximise the social and economic benefits of 
uranium mining projects. 

Engagement with other elements  
of the OECD
The NEA joined other OECD Directorates in contributing to 
the International Programme for Action on Climate (IPAC), 
which was officially launched at COP 26. The programme 
helps countries move towards net-zero greenhouse 

gas (GHG) emissions and a more resilient economy by 
2050. Through regular monitoring, policy evaluation and 
feedback on results and good practices, IPAC helps 
countries strengthen and co-ordinate their climate action. It 
complements and supports the United Nations Framework 
Convention on Climate Change and the Paris Agreement 
monitoring frameworks.

The NEA was part of the OECD delegation to COP 26, 
contributing inter-alia to its Virtual Pavilion.

The NEA continued to support the International Energy 
Agency (IEA) on in-depth reviews of member country energy 
policies in 2021, contributing to the reviews of Belgium, 
Canada, France, Hungary and Poland. It also contributed to 
other key IEA publications, such as Tracking Clean Energy 
Progress.

The NEA started contributing to the Policy Dialogue on 
Natural Resource-based Development, co-ordinated by the 
OECD’s Development Centre. 

A collaboration with the OECD Centre for Entrepreneurship, 
Small and Medium-Sized Enterprises, Regions and Cities 
(CFE) is ongoing under the framework of the OECD Mining 
Regions and Cities Project.

Nuclear innovation 2050 (NI2050)
NI2050 is a broad NEA initiative aimed at accelerating market 
deployment of nuclear innovations in support of global 
emissions reduction targets for 2050. In 2021 the NEA 
advanced preparations for the launch of NI2050 Phase III.

Within the context of NI2050, the NEA had been 
collaborating with the Electric Power Research Institute 
(EPRI), the IAEA, EDF Energy and the United Kingdom 
National Nuclear Laboratory (NNL) in the organisation of the 
Global Forum for Nuclear Innovation, which will take place 
in London, United Kingdom on 13-16  March  2022. This 
Global Forum had initially been planned for 2020 but was 
postponed twice due to the COVID-19 pandemic. The event 
will bring together likeminded people from all over the world 
in an effort to create the right environment for a common 
understanding of the challenges for successful deployment 
and embrace innovation. The former edition of the Global 
Forum for Nuclear Innovation took place at the Hwabaek 
International Convention Center (HICO) in Gyeongju, Korea 
on 9-13 June 2019 and proved to be a great success. 

Husab Urnaium Mine, Namibia.

Swakop Uranium
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In 2021, the NEA also worked on the organisation of 
an International Workshop on Disruptive Technologies for 
Nuclear Safety Applications with the Korean Atomic Energy 
Research Institute (KAERI). The workshop had been planned 
to take place in Korea, but also experienced delays due to 
the COVID-19 pandemic. In preparation for the workshop, a 
series of webinars on Disruptive Technologies was organised 
by the NEA, KAERI and the Korean Nuclear Society (KNS) in 
March-April 2021. Four webinars, each focusing on a specific 
topic related to disruptive technologies, brought together 
experts from different sectors to discuss the future shape of 
nuclear safety applications, to address regulatory viewpoints 
on safety innovations, and to share the examples and lessons 
learnt from other industries. This allows the work to continue 
until the in-person workshop can take place when the global 
pandemic situation improves. The aim is to gather experts 
from inside and outside the nuclear sector to share insight at 
the workshop on the potential for disruptive technologies to 
drive nuclear innovation and to have a positive impact on the 
construction and operation of nuclear power plants.

Security of supply of medical 
radioisotopes
In 2022, the NEA will produce a Mo-99 & Tc-99 Demand and 
Capacity Projection Report, covering the demand and supply 
capacity for the 2022-2027 period, building on the 2019 
report The Supply of Medical Radioisotopes: An Economic 
Diagnosis and Possible Solutions.

Small modular reactors
Small modular reactors (SMRs) are gaining recognition among 
policymakers and industry players as a promising nuclear 
technology. SMRs can be defined as nuclear reactors with 
a power output between 10 MWe and 300 MWe that incor-
porate by design higher modularisation, standardisation, and 
factory-based construction levels enabling more predictable 
delivery models based on the economies of series. About 50 
SMR designs and concepts are in various stages of develop-
ment, covering a wide range of technological approaches and 
maturity levels. These attractive features, however, rely on a 
business case that requires the development of a global SMR 

market to become economically viable. Successful near-term 
commercial deployment of SMRs will require significant gov-
ernmental support and efficient international collaborative 
frameworks to be realised in the next decade.

Building on the initial findings of the 2021 report Small 
Modular Reactors: Challenges and Opportunities, the 
Nuclear Development Committee (NDC) will deepen its SMR 
activities through sectorial case studies. Three key sectors 
are considered by the committee: i) coal replacement, ii) 
industrial heat applications, and iii) remote sites and regions. 
Each case study will apply a standard framework to review 
SMRs’ value proposition and decision drivers. A key objective 
will be to review SMR design requirements for each market 
along with supply chain pathways’ specific features and 
milestones. The next step for this activity will be the creation 
of an advisory group, in particular to convey the priorities and 
requirements of end-users and other relevant stakeholders 
that can support these case studies.

Climate change: Assessment of  
the vulnerability of nuclear power 
plants and cost of adaptation
Climate change will create specific risks and challenges for 
nuclear power plants and the electricity system as a whole. 
Extreme weather events caused by climate change – such 
as floods, storms, heat waves, and droughts – have already 
affected the operation of nuclear power plants. Any increase 
in the temperature of the water used to cool nuclear power 
plants can also lead to reductions in their power output due 
to decreasing thermal efficiency.

The 2021 report Climate Change: Assessment of the 
Vulnerability of Nuclear Power Plants and Approaches for 
their Adaptation sets out the strategies that can be effectively 
implemented to improve the resilience of existing plants as 
well as any new installations. The costs of adaptation to 
climate change can vary significantly depending on the type 
of reactor, the climate change issues affecting them, as well 
as the applicable regulations and standards. However, while 
these adaptation costs can, in some cases, be significant, the 
costs of inaction – both directly at the plant level and indirectly 
for the electricity system – are likely to be even higher.

Artist’s rendering of a small modular reactor.

NuScale Power, Creative Commons
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Advanced reactors and future energy 
market needs
The Advanced Reactors and Future Energy Market Needs 
study assesses how advanced reactors under development 
today – including SMRs and more innovative generation IV 
systems – will meet the demands of rapidly evolving energy 
markets, including the electricity system, residential and 
industrial heat supply, and hydrogen. The extensive discussion 
in the Expert Group for this study, involving the forecast of 
what future energy markets and their technical needs will be 
and in-depth analysis on the advantages and limitations of 
advanced reactor systems, were summarised and published 
in December 2021.

High-temperature reactors for 
industrial heat applications
The decarbonisation of the industrial sector is essential but 
one of the most difficult challenges to achieving carbon 
neutrality. Over decades, nuclear power has contributed to 
the supply of low-carbon heat to industrial sectors that need 
relatively lower temperature heat - up to around 150 °C. High-
temperature reactor technologies now under development 
can produce heat of 700 °C or above and are expected to 
expand the opportunities for the nuclear sector to contribute 
to the deep decarbonisation of heavy industry.

This study seeks to lay out the state of the art in the 
development of high-temperature reactors, while analysing 
the potential and limitations of this technology for industrial 
heat applications. In October 2021, a virtual workshop 
entitled High-Temperature Reactors and Industrial Heat 
Applications gathered a diverse set of experts, including 
nuclear technology developers, industrial heat users, 
economic and market analysts, and policymakers, to explore 
the opportunities and challenges associated with high-
temperature reactors for industrial heat applications. They 
discussed effective approaches for the practical deployment 
of this technology and its enabling environment.

Ensuring the adequacy of funding 
arrangements for decommissioning 
and radioactive waste management

In June 2021, the NEA published the report Ensuring the 
Adequacy of Funding for Decommissioning and Radioactive 
Waste Management. Prepared in close co-operation with 
member countries, the report combines a solid conceptual 
framework with insight from twelve case studies of NEA 
member countries to propose a new approach to the 
adequacy of funding that is both robust and flexible. The 
context of the report is that many operating nuclear reactors 
in NEA member countries will reach their originally planned 
operational lifetimes in the coming two decades. There is 
thus strong social demand to ensure adequate plans and 
financial arrangements for the timely and cost-effective 
decommissioning of permanently shut-down nuclear 
power plants, as well as for the long-term management and 
disposal of spent fuel. The report finds that current funding 
systems in NEA countries are overall adequate and reflect 
each country’s specific conditions and needs. The challenges 
ahead, however, are formidable: decommissioning and 
radioactive waste management are moving from design 
to implementation, returns on assets are low, and societal 
preferences can evolve. The very long-term nature of the 
solutions, in particular for radioactive waste disposal, is also 
not easily compatible with the economic lifetimes of the 
original liability holders. This requires moving from current 
funding systems relying on the linear discounting of assumed 
future costs to a circular approach, in which all elements of 
the system – accrued funds, expected future returns, the 
lifetimes of nuclear power plants, the expected costs of 
politically sustainable technical solutions, and the liabilities 
for residual risks – are reviewed and realigned at regular 
intervals. Complementing existing approaches with such 
a circular approach, the NEA report finds, will strengthen 
funding arrangements and ensure their adequacy for decades 
to come.

NEA ACTIVITIES BY SECTOR

Modules of the NUWARDTM plant.

NUWARD™/ ©TechnicAtome
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System costs in decarbonising the 
electricity system – NEA country 
study of Switzerland 
In 2021, NTE initiated an in-depth study of the Swiss 
energy system. The study, which is being financed through 
a voluntary contribution by Switzerland, assesses the total 
costs of different options to achieve net -zero emissions by 
2050. The two key strategic options that are being modelled 
are to rely exclusively on variable renewable energy sources 
(VRE), which in the case of Switzerland means mainly 
solar PV, or a combination of nuclear long-term operations 
(LTO) and some smaller share of VRE. The Swiss system 
is characterised by a high share of hydropower and large 
interconnection capacities with neighbouring countries, 
which significantly impact results. Other than providing 
valuable insight about the contribution of both nuclear LTO 
and nuclear new build, the work has provided an opportunity 
to build up the NEA’s modelling capabilities, which now 
include a state-of-the-art linear optimisation model for the 
analysis of integrated electricity systems.

Economic, technical and policy 
aspects of long-term operation of 
nuclear power plants
In 2020 nuclear energy was the largest low-carbon source 
of electricity generation in OECD countries (17%) followed 
by hydro power (14%), wind (8.5%), and solar PV (4%). At 
the same time, an extensive technical and regulatory basis 
for long-term operations (LTO) has been developed over the 
years. By keeping nuclear power operating longer, countries 
could reap a wide range of socio-economic benefits, includ-
ing a more affordable and secure electricity supply, while 
limiting the risks of ambitious decarbonisation strategies. 
Nevertheless, an increasing number of reactors are being 
shut down earlier than expected due to policy decisions and 
increasing market challenges in some regions. The average 
age of nuclear power plants is 35 in most OECD countries, 
meaning LTO of nuclear power plants will play a growing role 
in meeting climate change targets in the current decade, and 
governments have a key enabling role to play.

The final report of the Ad Hoc Expert Group on Maintaining 
Low-Carbon Generation Capacity through LTO of Nuclear 
Power Plants (EGLTO), entitled Long-Term Operation of 
Nuclear Power and Decarbonisation Strategies, was released 
in July 2021. A launch webinar was organised involving legal 
experts and an industry panel. The economic findings of the 
study were also presented in the 2020 edition of Projected 
Costs of Generating Electricity.

Digital transformation

The 2020 NEA report Unlocking Reductions in the 
Construction Costs of Nuclear: A Practical Guide for 
Stakeholders identified three main technological approaches 
that could be implemented to deliver cost reductions in the 
short-term: i) digital transformation, ii) advanced construction 
methods and iii) seismic analysis. The NEA Advanced 
Technology and Nuclear Cost (ATNC) Initiative was created 
with the objective of providing decision makers with a 
clear understanding of the development stage of these 
three approaches, their cost reduction potentials, and the 
challenges that may preclude their large-scale deployment.

As part of the ATNC Initiative, A first workshop entitled 
Digital transformation: Opportunities and Challenges for the 
Nuclear Sector was organised in May 2021. The objective in 
this workshop was to assess the opportunities and challenges 
of digital transformation in reducing the costs and risks of 
new nuclear energy projects. The unique characteristics of 
the nuclear energy sector in terms of governance, quality 
control, and regulatory oversight were also discussed in 
order to identify potential roadblocks in the deployment of 
digital strategies. The main outcomes of the workshop will 
be collected in a final report to be published in 2022.

Contact:
Diane Cameron
Head, Division of Nuclear Technology 
Development and Economics
+33 (0)1 73 21 29 50 
diane.cameron@oecd-nea.org

mailto:diane.cameron@oecd-nea.org
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Generation IV 
International Forum  
(GIF) 

Established in 2001, the Generation 
IV International Forum (GIF) brings 
together 13 countries (Argentina, 
Australia, Brazil, Canada, China, 
France, Japan, Korea, Russia, South 
Africa, Switzerland, the United 
Kingdom and the United States), as 
well as Euratom – representing the 
27 European Union members − to 
co-ordinate research and develop-
ment on advanced nuclear energy 
systems.

GIF provides a forum for collab-
orative R&D on six reactor con-
cepts and a variety of cross-cutting 
issues. The six reactor concepts 
are: Sodium-cooled Fast Reactors 
(SFR), Very-High-Temperature 
Reactors (VHTR), Super Critical 
Water-cooled Reactors (SCWR), 
Gas-cooled Fast Reactors (GFR), 
Lead-cooled Fast Reactors (LFR), 
and Molten Salt Reactors (MSR).

In 2021, the GIF Chair signed a letter 
addressed to the President of the 
United Nations Climate Change 
Conference (COP 26), President Alok 
Sharma, emphasising that GIF stands 
ready to contribute as a potential 
technical and financial partner in 
meeting climate change objectives 
with advanced nuclear technologies. 
GIF is also one of the partners of the 
“NICE Future” initiative under the 
Clean Energy Ministerial framework.

The priorities for GIF in the near term 
focus on accelerating the readiness 
of fourth generation nuclear systems 
to meet net-zero targets. In this 
context, a forum with industry 
partners is planned for 2022. The 
2022 GIF Industry Forum will focus 
on supporting the transition from 
research and development to 
demonstration and deployment of 
Generation IV reactor systems, as 
well as on supporting initiatives that 
aim to develop a talent pipeline to 
run those systems.

The 2022 GIF Industry Forum will 
aim to strengthen relationships with 
the nuclear industry with a new pol-
icy statement to serve as a frame-

work. GIF participated in the World 
Nuclear Exhibition 2021 in Paris with 
a booth, materials dissemination, 
and a workshop.

The GIF members agreed in 2021 
to create a cross-cutting task 
force dedicated to the non-electric 
applications of nuclear heat, 
including district and industrial heat 
applications, desalination, and large-
scale hydrogen production.

Following the success of the 
t wo wor k s hop s or gan is e d 
by GIF in February  2020 on 
Advanced Manufacturing and 
R&D involving the private sector, 
a two-day virtual workshop was 
organised on 8-9  November by 
the Advanced Manufacturing Task 
Force concerning modelling and 
simulation in support of advanced 
manufac tur ing.  The repor t 
Enhancement of R&D collaboration 
within GIF was finalised in 2021.

In the field of safety, the GIF Basis 
for the Safety Approach for Design 
& Assessment of Generation IV 
Nuclear Systems and LFR Safety 
Design Criteria were disseminated in 
2021. The bibliography and updated 
Proliferation Resistance and Physical 
Protection (PRPP) White Paper for 
two systems were also disseminated 
in 2021. 

The 15th GIF-IAEA Interface meeting 
took place on 29-30  June 2021 
in virtual mode. It served as an 
opportunity to strengthen the links 
between these two organisations 
and to prepare future joint work.

Monthly webinars on GIF reactor 
systems and cross-cutting subjects 
have been held since 2016 (a total 
of 60 by the end of 2021), reaching 
a growing audience worldwide. 
In 2021, a competition for young 
people to “pitch” their Generation 
IV research ideas was organised in 
celebration of GIF’s 20th anniversary. 
During a special webinar, the current 
and former GIF chairs highlighted the 
outcomes of the 20 past years and 
the big challenges of the future.

The GIF Policy Group members 
thanked the outgoing Chair Hideki 
Kamide of the Japan Atomic Energy 
Agency (JAEA) and acknowledged 

the notable accomplishments of 
the past three years under his 
leadership. Alice Caponiti, Deputy 
Assistant Secretary for Reactor Fleet 
and Advanced Reactor Deployment 
in the Office of Nuclear Energy at the 
United States Department of Energy, 
will assume the role of GIF Chair, 
effective January 2022.

Throughout 2021, despite the 
unprecedented challenges posed by 
the COVID-19 pandemic, GIF mem-
bers managed to make progress in 
their work with a minimum of disrup-
tion. The NEA continued to provide 
support to the GIF technical bodies 
in charge of developing the differ-
ent systems, to the methodology 
working groups, and to the Senior 
Industry Advisory Panel and task 
forces. The NEA also maintained and 
enhanced the GIF website and organ-
ised several GIF meetings. The NEA 
is fully compensated for its support 
of GIF through voluntary, financial 
and in-kind contributions made by 
GIF members.

International Framework 
for Nuclear Energy 
Cooperation (IFNEC)

The International Framework for 
Nuclear Energy Cooperation (IFNEC) 
is dedicated to exploring the ben-
eficial approaches and uses of 
nuclear energy for peaceful pur-
poses. IFNEC has a diverse mem-
bership consisting of 34 participant 
countries, 31 observer countries, 
and 5 international observer organ-
isations through which it promotes 
exchanges and learning on the 
global, regional, and national levels. 
In 2021, IFNEC focused on priority 
areas such as nuclear financing, 
small modular reactors (SMRs), 
challenges to licensing, and human 
capacity development.

In co-operation with the NEA and the 
Ministry of Climate and Environment 
of Poland, the IFNEC Technical 
Secretariat organised a series of 
webinars on the opportunities and 
challenges of nuclear financing 
throughout 2021 (see p. 101). Experts 
from the field addressed topics such 
as financing constraints, regula-
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tory and political risks, innovative 
financing approaches, and contrac-
tual arrangements for nuclear pro-
jects. Effective nuclear financing 
requires national policies that sup-
port nuclear power and research 
to advance technological readiness 
while also improving the economic 
competitiveness of nuclear projects. 
Participants in the webinar series 
noted that risk management by key 
stakeholders – investors, owners, 
operators – remains the primary 
concern for private financiers when 
considering nuclear energy pro-
jects. Smaller overall investments, 
shorter construction times, and the 
improved safety of SMRs address 
some of the conventional challenges 
to nuclear financing, but the effective 
regulatory regimes and policies that 
include nuclear in green energy tax-
onomies remain key concerns. The 
“High-Level Warsaw Conference on 
Nuclear Financing” on 23 November 
2021 concluded the series of five 
webinars dedicated to these topics. 
The findings of the nuclear financing 
series will be published as a report 
and presented in an in-person IFNEC 
Warsaw Workshop to be held in 
2022.

The IFNEC working groups also 
relied on virtual meetings and events 
to continue their planned activities 
of 2021. The Reliable Nuclear Fuel 
Services Working Group (RNFSWG) 
held webinars in April and in October 
2021 to discuss spent fuel manage-
ment options, and conducted an 
in-depth evaluation of such plans. 
Recognising the importance of 
knowledge sharing and human 

capacity development, the Nuclear 
Supplier and Customer Countries 
Engagement Group (NSCCEG) con-
tinued its engagement efforts on 
different platforms such as the 
Forum on Nuclear Cooperation in 
Asia (FNCA), the Nuclear Power 
Plant Summit and Expo (NPPES), 
Nuclear Trade and Technology 
Exchange (NT2E) and NICE Future. 
The Infrastructure Development 
Working Group (IDWG) is continuing 
to collaborate with the NEA on the 
forthcoming report on multilateral 
development banks and financial 
institutions.

As a result of the successful IFNEC-
NEA Virtual Mentoring Workshop 
in Kenya, held 21-23 July 2021, the 
IFNEC Technical Secretariat will 
continue to build on youth engage-
ment and mentoring initiatives 
with member countries in 2022. 
The working groups are collaborat-
ing closely with organisations such 
as the International Youth Nuclear 
Congress (IYNC) to encourage the 
next generation to participate in the 
nuclear sector.

During its virtual meeting on 
22  June 2021, the IFNEC Steering 
Group addressed comments on 
the proposed revisions to the 
terms of reference and the revised 
terms of reference were adopted 
on 6 September 2021. The Steering 
Group Leadership Team consists of 
the Steering Group Chair and Vice-
Chairs. They serve for a period of 
two years and can be confirmed for 
an additional two-year term. The 
current mandates of the Chair and 

Vice-Chairs will continue until 2023. 
The Steering Group will be invited 
to approve IFNEC’s annual activi-
ties plan and its yearly expenditures 
and budget. Following the World 
Nuclear Association’s (WNA) formal 
expression of interest to become 
an IFNEC international observer 
organisation, the WNA’s observer 
status was approved at the virtual 
IFNEC Steering Group Meeting on 
16  November 2021. The Steering 
Group also approved the overarching 
IFNEC activities proposed for 2022.

Throughout 2021, the Steering Group 
Chair, Aleshia Duncan, conducted 
meetings with IFNEC member coun-
tries as part of efforts to engage with 
all observer and participant coun-
tries. Preliminary findings indicate 
that embarking IFNEC member coun-
tries are interested in programmatic 
activities related to the non-electric 
applications of nuclear energy, tal-
ent development and knowledge 
transfer, and nuclear energy’s role 
in climate change mitigation. The 
outreach effort will continue in the 
first quarter of 2022 with the objec-
tive of bringing all 65 IFNEC mem-
ber countries together for the IFNEC 
Ministerial Conference to be held in 
Kenya in November 2022.

The NEA continued to provide sup-
port to IFNEC through co-opera-
tion with its working groups and 
contributed to the IFNEC social 
media strategy plan. The NEA is 
fully compensated for its support of 
IFNEC through voluntary, financial 
and in-kind contributions by IFNEC 
members.

Secretariat-serviced bodies (cont’d)

IFNEC-NEA Mentoring 
Workshop in Kenya,  
held 21-23 July 2021
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Nuclear Safety  
and Regulation
The goal of the NEA in this sector is to assist member 
countries in their efforts to ensure high standards of safety 
in the use of nuclear energy. It does so by supporting 
collaborative activities in the development of effective 
and efficient regulation for current and advanced nuclear 
plants and oversight of nuclear installations and activities, 
and by helping to maintain and advance the associated 
scientific and technological knowledge base. The staff 
works closely with the Committee on the Safety of Nuclear 
Installations (CSNI), the Committee on Nuclear Regulatory 
Activities (CNRA) and their subsidiary groups in this area.

NEA ACTIVITIES BY SECTOR

These include the organisation of an international 
benchmark on the simulation of electrical systems 
based on real nuclear power plant data and the 
publication of a validation matrix and database 
of reactivity-initiated accident-related experi-
ments. Committee members also reviewed four-
teen reports, including a topical opinion paper on 
the use of Computational Fluid Dynamics (CFD) 
codes for nuclear safety evaluation and a report 
on the simulation capability of 3D System-Scale 
Thermal-Hydraulic (T/H) analysis codes. Several 
NEA reports were published, including Long-Term 
Management and Actions for a Severe Accident in 
a Nuclear Power Plant.

–  Several workshops were held, including one in 
May titled “NEA Kappa Workshop: Earthquake 
Ground Motions on Rock Sites” and another 
in October on “Reactor core and containment 
cooling systems: Long-term management and 
reliability (RCCS-2021)”. 

–  In October  2021, the Multinational Design 
Evaluation Programme (MDEP) held an interna-
tional technical workshop on the “Construction 
of New VVERs in VVER Design Working Group 
Member Countries”. Participants reviewed and 
discussed significant licensing topics during a 
constructive dialogue between regulators, tech-
nical support organisations and industry repre-
sentatives from design, vendor, and project and 
operating organisations. 

 The NEA and the International Atomic Energy 
Agency (IAEA) began preparation of the eighth edi-
tion of Nuclear Power Plant Operating Experience 
from the IAEA/NEA International Reporting System 
for Operating Experience (commonly referred to 
as the “Blue Book”). It will summarise several hun-
dred event reports submitted by member coun-
tries to the International Reporting System during 
the 2018-2020 period.

 As an immediate action in response to the 
COVID-19 pandemic, the NEA developed an infor-
mation-sharing platform. The platform allows for 
the rapid sharing of information and good prac-
tices between member countries, in particular 
regarding adjustments they are making to enable 
regulatory oversight in the face of the pandemic. 
In 2021, the NEA expanded the use of this plat-
form to house its system for rapid sharing of infor-
mation related to Nonconforming, Counterfeit, 
Fraudulent, or Suspect Items (NCFSI). 

Highlights 

 In June 2021, the Committee on Nuclear 
Regulatory Activities (CNRA) organised its 45th 
meeting remotely and approved a series of 
reforms proposed under the CNRA’s Strategic 
Review (a comprehensive self-assessment) and 
intended to improve the Committee’s efficiency 
and effectiveness. The majority of these reforms 
will be implemented from 2023 onwards. The 
CNRA also updated its inspection-related proce-
dures in Guidance on Developing and Approving 
Commendable Practices and Nuclear Power Plant 
Observed Inspection Practices Programme. It 
also initiated a new project Engagement and 
Performance Measures during the Application 
Assessment Phase of a Licence for Construction 
of a New Nuclear Project.

 In 2021, the Committee on the Safety of 
Nuclear Installations (CSNI) reviewed six joint 
projects and sixteen new activity proposals. 

Nuclear safety technology
Safety issues
The NEA continues to monitor the trends and respond to 
the current and emerging safety challenges in its member 
countries. As nuclear power gains momentum, with many 
countries considering long term operation of existing 
plants as well as new builds, it becomes vital to ensure 
robust and efficient safety assessment demonstrations. 
The research and science play an indispensable role in 

supporting safety demonstrations, in particular for those 
innovative technologies where operational experience is 
not sufficient. Following a CSNI deliberation in June 2021 
on the emerging safety challenges, two new ad hoc expert 
groups were established to report to the committee on 
shaping future common safety research. The Expert Group 
on Small and Modular Reactors (EGSMR) will work to provide 
a prioritised ranking of the safety knowledge gaps and the 
recommendations to address them, with a focus on safety 
issues common to a number of designs. The Expert Group on 
Fire Safety (EGFS) will explore the synergy among several fire 
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safety-related research and assessment activities currently 
being implemented and will propose a way to address the 
issue in an integrated manner. The Senior Expert Group 
on Preservation of Key Experimental Datasets (SEGPD), 
established in 2020, became operational and launched a 
couple of initiatives to ensure the NEA’s essential safety 
knowledge is well preserved.  

Safety assessment
The NEA Working Group on Analysis and Management of 
Accidents (WGAMA) continued to focus on the in-vessel and 
ex-vessel behaviour of degraded cores, the thermal-hydraulics 
of the reactor coolant system, containment behaviour and 
protection, computational fluid dynamics, and fission product 
release and transport. Reports were completed in 2021 on: 
an international severe accident management conference; a 
workshop on experimental validation and application of CFD 
and Computational Multi-Fluid Dynamics (CMFD) codes 
to nuclear reactor safety issues; a specialist workshop on 
advanced measurement methods and instrumentation for 
enhancing severe accident management in a nuclear power 
plant, addressing emergency, stabilisation and long-term 
recovery phases; and a topical opinion paper on the use of 
CFD for nuclear safety.

The main objective of the NEA Working Group on Risk 
Assessment (WGRISK) is to advance the understanding 
and use of probabilistic safety assessment (PSA) as a tool to 
support nuclear safety decision making in member countries. 
In 2021, the group completed a report on the status of site-
level (including multi-unit) PSA developments, prepared a 
technical opinion paper on seismic PSAs for nuclear facilities, 
and launched an update of the status of PSAs and PSA 
applications in NEA member and non-member countries. 

Fuel safety
The NEA Working Group on Fuel Safety (WGFS) continued 
its work on fuel behaviour under design -basis accident 
conditions and finalised the report Proceedings of the 
International Workshop on Nuclear Fuel Modelling to Support 
Safety and Performance Enhancement for Water-Cooled 
Reactors, which was a joint initiative between the CSNI and 

the Nuclear Science Committee. A new activity was started 
to establish a status report on the Fuel Safety Implications of 
Extended Enrichment and High Reactivity/High Suppression 
Core Designs.

Safety of components, structures 
and systems
The work of the NEA Working Group on Integrity and Ageing 
of Components and Structures (WGIAGE) focuses on the 
integrity, ageing and seismic behaviour of metal components 
and concrete structures. In 2021, the WGIAGE completed 
a benchmark analysis on the application of the leak-before-
break (LBB) concept to understand the effects of weld 
residual stress and crack morphology on crack opening 
displacement and leak rates and to compare code capabilities 
to consider such effects in LBB analyses.

Fuel cycle safety
The NEA Working Group on Fuel Cycle Safety (WGFCS) 
brings together regulatory and industry specialists to address 
a broad range of topics, including safety assessments, 
nuclear criticality safety, PSAs, safety management, 
decommissioning, site remediation, chemical hazards, 
human factors and fire protection. The working group 
periodically reviews the joint IAEA/NEA Fuel Incident 
Notification and Analysis System (FINAS), which is the only 
international system providing regulators and government 
bodies with information about lessons learnt from safety-
significant events at fuel cycle facilities.

External events
The objective of the Working Group on External Events 
(WGEV) is to improve the understanding and treatment of 
external hazards in order to support the continued safety 
performance of nuclear installations and improve the 
effectiveness of regulatory practices. In 2021, the WGEV 
completed a benchmark report on external events hazard 
frequency and magnitude statistical modelling. It also 
launched a new activity on uncertainties in the assessment 
of natural hazards (excluding earthquakes), starting with the 
sources of uncertainties. 

Pool inspected by IAEA 
following the Fukushima 

nuclear disaster.

Creative Commons,  
Greg Webb (IAEA)
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Regulation of Nuclear Installations
Regulatory issues

The NEA continued to exchange information on the safety and 
regulation of nuclear installations in 2021, with the objective 
of better understanding national regulatory requirements and 
harmonising regulations.

Inspection practices

The Working Group on Inspection Practices (WGIP) held two 
virtual meetings in 2021. One of the key accomplishments 
was an update to the procedure governing its Observed 
Inspection (OI) programme. The OI programme provides a 
valuable training exercise by allowing inspectors to observe 
inspections in different NEA member countries, providing 
for a valuable exchange of experience and best practices.

The WGIP also hosted a joint set of conference calls with 
the Working Group on Human and Organisational Factors 
(WGHOF) and the Vendor Inspection Co-operation Working 
Group (VICWG). These conference calls offered member 
countries a way to share their approaches to maintaining 
their regulatory functions (e.g. inspection or consideration 
of relief requests) during the pandemic. Ten countries gave 
presentations and offered new insights into innovative 

approaches such as remote monitoring of plant parameters 
and the use of wearable cameras to perform inspections.

Operating experience
The NEA Working Group on Operating Experience (WGOE) 
continued to share information and carry out follow-up 
actions related to trends and lessons learnt from national 
events.

The WGOE continued to examine events submitted to 
the joint IAEA/NEA International Incident Reporting System 
(IRS) for Operating Experience, which is the only international 
system that provides regulators with information about 
safety-significant events at nuclear power plants. The WGOE 
also began publication of the next edition of Nuclear Power 
Plant Operating Experience from the IAEA/NEA International 
Reporting System (commonly known as the “Blue Book”), 
which covers several hundred  events that occurred at 
commercial nuclear reactors during the 2018-2020 period.

Finally, in 2021, the WGOE enhanced its system for 
rapidly sharing information about non-conforming structures, 
systems, components or services. The system was used to 
share information about manufacturing non-conformances, 
falsifications of tests, falsifications of certificates, and 
counterfeit circuit breakers.

Nuclear Fuel Examination.

Creative Commons, Idaho National 
Laboratory (INL)

Robustness of electrical systems

The NEA Working Group on Electrical Power Systems 
(WGELEC) collaborates on enhancing the robustness of 
electrical systems, improving the analysis of electrical system 
performance and addressing safety challenges associated 
with electrical systems. In 2021, the WGELEC completed two 
reports on the Activity-4 Direct Current Power Systems and 
the joint IAEA-NEA workshop on the Current Implementation 
Status of Measures to Manage Open Phase Conditions in 
Electrical Power Systems of Nuclear Power Plants. These 

reports summarise the exchange of information, experiences 
and lessons learnt on the maintenance of direct current 
power systems and of the strategies to detect and manage 
open phase condition events. Furthermore, the WGELEC 
initiated three new activities: a task on the design of electrical 
systems for beyond -design -basis events, including station 
blackout, a task on the management of geomagnetic induced 
currents on electrical systems caused by solar weather, as 
well as a benchmark simulation exercise of electrical systems 
based on real data
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Evolving designs and technologies
The NEA Working Group on the Regulation of New Reactors 
(WGRNR) focuses its activities on regulatory activities 
in the area of siting, licensing and overseeing of new 
commercial nuclear power plants. The group is preparing 
two reports titled Regulatory Approaches to Licensee 
Oversight of Construction Activities and Regulation of 
Corporate Governance for Nuclear Safety. The WGRNR is 
also continuing to work on a survey and on a report that 
will address the engagement and performance measures 
during the application assessment phase of a license for 
construction of a new nuclear project. 

The NEA Working Group on the Safety of Advanced 
Reactors (WGSAR) provides regulatory perspectives on 
selected advanced reactor designs, including the identification 
of required safety research. It is currently focusing on areas 
such as analytical codes and fuel qualification for advanced 
reactors. The working group has finalised the development 
of specifications for the new international benchmark 
considering a core damage scenario in a lead-cooled fast 
reactor (LFR) to assess code capabilities and knowledge gaps 
that may be relevant to regulators. It has finalised a technical 
report on the use of analytical codes and methods in the 
safety assessment of advanced reactors which is expected 

to be published in 2022. The WGSAR launched in spring 
2021 a new activity on the common regulatory practices to 
ensure appropriate qualification and through-life performance 
of materials in advanced reactors, and expects to produce 
a technical report. A survey was developed and circulated 
to a wide range of participants. The WGSAR members also 
continued to interact with the Generation IV International 
Forum (GIF), in particular on an initiative examining a risk-
informed approach to event selection and component 
classification, and on the review of a second safety design 
criteria report for sodium fast reactors and safety design 
guidelines for lead-cooled fast reactors.

The Working Group on Digital Instrumentation and 
Control (WGDIC) addresses regulatory issues associated 
with the use of digital technologies in existing and new 
nuclear installations. The WGDIC has published a series 
of consensus positions on current and emerging technical 
challenges in the digital instrumentation and control (I&C) 
field, first under the MDEP and now under the CNRA. An 
in-depth report of ongoing consensus positions concerning 
the impact of cyber security features on digital I&C safety 
systems is expected to be published soon. The WGDIC also 
used the report from the Regulator Task Force on Safety 
Critical Software as input.

Additionally, the output of a recent workshop on digital 
I&C inspections, organised jointly with the WGIP, will be 
used as input for a forthcoming technical report to provide 
guidance on the inspection of both hardware and software 
for “important-to-safety” components and systems. The 
WGIP and the MDEP Vendor Inspection Co-operation 
Working Group (VICWG) will collaborate to offer expertise 
on inspections. The report is expected to be issued in 
early 2022.

Contact:
Véronique Rouyer
Head, Division of Nuclear Safety 
Technology and Regulation 
+33 (0)1 73 21 29 10 
veronique.rouyer@oecd-nea.org

Lead-cooled Fast Reactor (LFR)

GIF-LFR reference systems: ELFR, BREST and SSTAR

mailto:veronique.rouyer@oecd-nea.org


43

The Halden Reactor 
Project
The Halden Reactor Project (HRP), 
operated by the Norwegian Institute 
for Energy Technology (IFE), was 
established in 1958 and is the oldest 
of the NEA joint safety research 
projects. Until the end of 2020 it 
brought together a large international 
technical network with approximately 
100  organisations in 18  countries 
addressing, in the fuel and materials 
(F&M) part of the project, nuclear 
fuel safety and operational margins, 
cladding performance behaviour, 
plant ageing and degradation. In 
the man-technology organisation 
(MTO) part of the project aspects of 
human performance, reliability and 
organisation in various stages of the 
plant life, including for accidental 
situations, were addressed.

Since early 2021, the two research 
areas continued to be addressed 
through two projects managed 
through separate agreements for the 
2021-2023 period and with different 
partnerships. A new and independent 
human technology and organisation 
(HTO) project has been developed. In 
the F&M area, work is mostly focused 
on capitalising on knowledge from the 

HRP project through synthesis topical 
reports in priority areas (for fuel gas 
release, dimensional changes and 
pellet cladding mechanical interaction 
[PCMI], loss-of-coolant accidents 
[LOCA], pressurised water reactor 
cladding corrosion and creep, crack 
initiation and growth rate in ageing) 
and by enhancing the HRP database. 
The HTO project is continuing 
research in the HTO laboratories and 
is also addressing areas of the former 
MTO project, while addressing new 
topics such as human-automation 
collaboration, digital systems for 
operation and maintenance, digital 
transformation of decommissioning, 
and main control room cybersecurity.

In the area of F&M, the previous 
three-year 2018-2020 phase of the 
HRP had marked a transition with the 
permanent shutdown of the Halden 
reactor in June  2018. Experimental 
research in F&M had to be revised 
without the possibility to perform more 
tests in the Halden heavy boiling water 
reactor. As a result, work was mostly 
re-oriented towards post-irradiation 
examinations (PIE) of already irradiated 
F&M at Kjeller and Halden, in Norway, 
and at Studsvik, in Sweden, and 
towards LOCA testing in the hot cells at 
Studsvik. Another important objective 

of the F&M programme was to develop 
a reliable HRP database gathering 
knowledge and data collected over 
the years by the project. By the end of 
2021, the 2018-2020 F&M programme 
of work was not fully completed due 
to delays in getting authorisation 
to transport the F&M samples for 
PIE and LOCA testing at Studsvik. 
The programme’s completion is not 
expected before 2024. A first version 
of the HRP database development, 
based on the data-lake technology, was 
completed in April 2021. It was further 
tested and enhanced during 2021 and 
will continue to be enhanced till the 
end of 2023 as part of the 2021-2023 
project phase. 

Also as part of the 2021-2023 F&M 
programme, work to establish topical 
reports started in 2021. Delays in 
completing the 2018-2020 programme 
of work are expected to affect the 
release plans for some topical reports. 
The project is currently assessing 
the best ways to close the HRP 
F&M project after the completion of 
the 2021-2023 programme of work, 
including the transfer of the HRP data 
administration to the NEA from 2023 
onwards.

The CIP Project
The CABRI International Project (CIP) is 
investigating the ability of high burn-up 
pressurised water reactor (PWR) fuel 
to withstand the sharp power peaks 
that can occur in power reactors 
due to postulated rapid reactivity 
insertions in the core, or RIAs. The 
project participants, from 12 member 
countries, intend to determine the 
limits for fuel failure and the potential 
consequences of possible ejection 
of fuel into the coolant environment. 
Different cladding materials and fuel 
types are being studied. The project is 
operated and managed by the French 
Institute of Radiological Protection and 
Nuclear Safety (IRSN) and performed 
in the CABRI Facility, which belongs 
to the French Alternative Energies and 

Nuclear safety research

Joint Projects

NEA ACTIVITIES BY SECTOR

View of the Halden reactor hall.

IFE, Norway



44 | NEA Annual Report 2021

Atomic Energy Commission (CEA), in 
Cadarache, France. While the facility is 
operated by the CEA, it is funded by 
the IRSN.

T h e re  we re  o n l y  m in o r 
developments in the CABRI 
International Project in 2021 due 
to the restrictions of the COVID-19 
pandemic as well as to the detection 
of leakage in the CABRI reactor pool 
at the level of the hodoscope channel. 
Preparation continued in 2021 of the 
programme’s two next tests, CIP1-2B, 
which will investigate a boiling crisis 
with a UO2 rod at 72  or 73  GWd/tU 
and M5 cladding, and CIP1-3R, which 
will investigate post-failure events 
with a UO2 rod at 65 to 75 GWd/tU 
and Zirlo cladding. However, the tests 
themselves were postponed beyond 
2021 as the leak must be fixed and 
authorisation from the French safety 
authority is required to restart testing 
in the CABRI reactor. 

The agreement of the CABRI 
International Project is currently being 
extended until March 2026.

The SCIP Project

The Studsvik Cladding Integrity Project 
(SCIP) started in 2004 with Studsvik, in 
Sweden, as the principal investigator. 
The first five-year phase (2004-2009) 
focused on cladding failure mechanism 
at high burn-up, the second (2009-
2014) on fuel pellet-clad interaction 
(PCI) mitigation and additive fuels, 
the third (2014-2019) on LOCA fuel 
fragmentation, relocation and dispersal 
(FFRD) and overheating transients, PCI 
mitigation at low ramp rates and the 
effect of oxygen. The project utilises 
the large library of irradiated fuels at the 
Studsvik hot cells and involves integral 
heating and LOCA testing, small scale 
heating tests, mechanical testing of 
weakened and damaged rods (with 
creep testing on fuel segments in a hot 
cell currently under development), pre-
test, in-situ and post-test examinations 
(Scanning and Transmission Electron 
Microscopy [SEM and TEM] used in 
different modes) to obtain data on 
microstructure and microchemistry, 
fission gas release tests and analyses 
using different techniques.

The current, fourth phase of the 
project (2019-2024) addresses back-
end, LOCA and PCI studies and is 
supported by 38 organisations from 15 
countries. The first task of the project 
includes experimental investigations 
related to back-end: creep of irradiated 
cladding and fuel under dry storage 
conditions, hydride reorientation 
in irradiated cladding, mechanical 
behaviour of spent fuel rods in 
transport and handling accidents, and 
treatment of failed fuel. The second 
task investigates phenomena in 
LOCA transients (FFRD, fuel burst, 
fission gas release) in reactor and also 
includes LOCA tests for spent fuel pool 
transients. The third task addresses 
the detailed understanding of PCI 
and stress corrosion cracking (SCC) 
mechanisms. The fourth task includes 
analytical and modelling activities 
(pre and post-test calculations, 
benchmarking).

In 2021, the design of different 
furnaces and test devices was 
completed. In task one, further results 
of microscopy analysis, 4-point bend 
mechanical tests, ring compression 
tests and impact testing were obtained. 
In task 2, different LOCA and heating 
tests were conducted. In task 3, the 
materials selection and preparation of 
samples was continued for sending 
to external partners for in-depth 
investigations. The preparation of 
boiling water reactor (BWR) and PWR 
fuel rod modelling benchmarks was 
continued under task 4.

The ATLAS Project
The Advanced Thermal-hydraulic Test 
Loop for Accident Simulation (ATLAS) 
is a thermal-hydraulic integral effect 
test facility for advanced light water 
reactors (LWRs) located in Korea and 
operated by the Korea Atomic Energy 

Research Institute. Tests to investigate 
design basis and beyond-design-basis 
accident (DBA and BDBA) transients 
have been conducted in the facility 
since 2014 as part of the NEA ATLAS 
project.

Phase two of the project ended 
in December  2020 and involved 
17 partners from 10 countries. Eight 
integral tests were performed to 
investigate at the facility thermal-
hydraulic phenomena for small break 
(SB) and intermediate break (IB) LOCA 
transients with different scenarios, the 
effectiveness of passive core make-up 
systems during a station blackout 
and a SB LOCA transient, design 
extension condition scenarios with 
multiple failures, and scaling issues 
with performance of counterpart 
tests. A unique experimental database 
was produced for system-scale 
safety analysis code validation and 
understanding of complex phenomena 
of high safety relevance to thermal-
hydraulic transients during DBA and 
BDBA. Project participants performed 
code enhancement and validation work 
with thermal-hydraulic system codes.

Phase  3 of the project involving 
19 partners from 10 countries was 
launched early 2021 and will last until 
December 2024 to address knowledge 
gaps identified in the ATLAS phase 2 
and of other NEA joint projects on 
nuclear thermal-hydraulic safety, 
e.g. the PKL Project. ATLAS phase 
3 aims to extend the database on 
the effectiveness of passive heat 
removal safety systems, investigate 
reactor safety during design extension 
condition scenarios, asymmetric 
natural circulation phenomena, resolve 
scaling issues, and perform integrated 
tests simulating both reactor coolant 
system and containment responses 
during accident transients. In 2021, 

The ATLAS facility.

KAERI, Korea
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tests related to intermediate break 
LOCA and design extension conditions 
scenarios were performed and a 
benchmark exercise was defined.

The PKL and 
ETHARINUS Projects
Like the ATLAS project, the Primary 
Coolant Loop Test Facility (PKL) 
project consisted in experimental 
investigations of thermal-hydraulic 
complex phenomena in scaled facilities 
simulating the primary and secondary 
circuits for light water reactors with 
different designs (mostly PWRs and 
VVERs) and involving different safety 
systems, including passive ones in 
more recent investigations.

Experiments were mostly conducted 
in the PKL facility, which is located in 
Germany and operated by Framatome 
GmbH. Testing for PKL project phase 
4 has also been conducted in the PMK 
facility operated by the Hungarian 
Centre for Energy Research of the 
Hungarian Academy of Sciences and 
in the PACTEL facility operated by the 
Finnish Lappeenranta-Lahti University 
of Technology and in the ROCOM 
facility operated by the German 
Forschungszentrum Rossendor f 
Institute of Safety Research. Tests to 
investigate DBA and BDBA transients 
have been conducted since 2004 as 
part of the NEA PKL project.

Phase four of the project was 
completed at the end of 2020 and 
involved 23 partners from 15 countries. 
Eight integral PKL experiments, 
including several test runs, were 
conducted from mid-2016 until mid-
2020 and the final summary report of 
the project was released in 2021. Due 
to the COVID-19 pandemic, the joint 
ATLAS-PKL workshop planned in 2021 
has been cancelled.

A new project, called Experimental 
Thermal Hydraulics for Analysis, 
Research and Innovations in Nuclear 
Safety (ETHARINUS), was launched in 
October 2020 to address knowledge 
gaps identified with lessons from 
the PKL phase 4 and other NEA joint 
projects on nuclear thermal-hydraulic 
safety, such as the ATLAS project. The 
project will last until October 2024 and 
involves 24 partners from 14 countries. 
The ETHARINUS project was 
established with the intention to extend 
the database on the effectiveness of 
passive heat removal safety systems, 
reactor safety during design extension 
condition scenarios, two-phase flows in 
IB LOCA transients, core cooling under 
partial core blockage, and cool-down 
procedures after M-SGTR transients. 
The ETHARINUS project experiments 
will take place in PKL, the PACTEL, and 
the Russian Federation’s PSB-VVER 
facilities operated by the Electrogorsk 
Research and Development Center 
for Nuclear Power Plants Safety 
(JSC ENIC). ETHARINUS and ATLAS 
phase 3 projects are designed to be 
complementary in scope and testing.

In 2021, tests to investigate design 
extension scenarios with an upper 
head small break and intermediate 
break LOCA and asymmetric natural 
circulation conditions were conducted 
and a benchmark exercise to be 
conducted in 2022 was defined. In 
2022, tests related to multiple steam 
generator tube rupture (M-SGTR) 
transient scenarios and passive 
systems functioning are planned. The 
organisation of an analytical workshop 
jointly with other NEA joint projects 
on nuclear thermal-hydraulic safety, 
e.g., the ATLAS phase 3 project will be 
discussed with the objective to address 
the effect of geometrical design 
differences and the issue of scaling.

The RBHT Project
Modelling reactor core behaviour 
under accident conditions with delayed 
re- introduction of cooling water 
(commonly referred to as reflood) is a 
challenge for safety analysis computer 
codes. Reflood thermal-hydraulics 
(e.g. post-critical heat flux flow and 
heat transfer, entrainment, quench) 
remain a major contributor to code 
uncertainties in the simulation of many 
accident scenarios and must be more 
deeply understood to enhance nuclear 
safety. Moreover, as the nuclear 
industry evolves, there is a need for 
additional data for power up-rates and 
new designs.

The objective of the three-year 
(2019 -2022) Rod Bundle Heat 
Transfer (RBHT) project, supported 
by 20 partners from 12 countries, is to 
conduct new experiments in the Rod 
Bundle Heat Transfer (RBHT) facility 
at Pennsylvania State University under 
the co-ordination of the United States 
Nuclear Regulatory Commission 
(NRC). The high-quality data and 
measurements generated (flow rates, 
temperature distributions, heat fluxes, 
droplet size distribution and velocity, 
spacer grid dry-out and rewet, carryover 
and quench front movement) will serve 
to evaluate system hydraulics and sub-
channel codes in the simulation of 
reflood tests in a full height rod bundle, 
prototypical of PWRs, for complex 
variable or oscillatory inlet flows 
which are more likely in hypothetical 
accident scenarios. The project is 
being conducted in two phases: one 
“open” phase comprising eleven 
tests and a first benchmark exercise 
with comparison of data and codes 
calculations for the eleven tests and a 
“blind” phase comprising five tests and 
a second benchmark exercise where 
the five tests will be pre-calculated. 
Two of the five blind tests will be used 
for detailed uncertainty evaluation.

Eleven open tests were conducted 
by August 2020 and results of the first 
benchmark exercise on these open 
tests were discussed at a project 
workshop organised in October 2020. 
The blind phase tests were performed 
over the first semester of 2021 and 
a workshop to discuss results of the 
second benchmark and of uncertainty 

Top view of the PKL facility, Germany.
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analyses on the blind tests took 
place in November 2021. The status 
of validation of reflooding modelling 
in thermal-hydraulic system codes 
was extensively discussed as well as 
approaches for uncertainty analyses. 
The final report of the project is being 
prepared for the second quarter of 
2022 and will be reviewed at a final 
project meeting planned for June 2022.

The LOFC Project
Following a recommendation of the 
CSNI Task Group on Advanced Reactor 
Experimental Facilities (TAREF) for 
gas-cooled reactor safety studies, the 
Loss of Forced Cooling (LOFC) project 
started in April 2011, with nine partners 
and seven countries participating. The 
LOFC experiments study the effects of 
the reduction of reactor cavity cooling 
system performance and are highly 
relevant for safety assessments of 
advanced reactors such as the high-
temperature reactor. The objectives 
are to conduct integrated large-scale 
tests of LOFC in the High-Temperature 
Engineering Test Reactor (HTTR), 
in Oarai, Japan, to examine high-
temperature gas-cooled reactor safety 
characteristics in support of regulatory 
activities, and to provide data useful 
for code validation and improvement 
of simulation accuracy. The objectives 
of the experimental programme are to 
provide experimental data to:

 • clarify the anticipated transient 
without scram in case of LOFC with 
occurrence of reactor re-criticality;

 • validate the most important safety 
aspects regarding reactor kinetics, 
core physics and thermal-hydraulics;

 • verify the capabilities of the 
codes regarding the simulation 
of phenomena coupled between 
reac tor  core phys ics and 
thermal-hydraulics.

Three tests are to be conducted 
by the Japan Atomic Energy Agency 
(JAEA) in the HTTR. The first test 
was started in December 2010. The 
project was put on hold after the 
11 March 2011 Tokohu earthquake and 
tsunami while active discussions were 
conducted between the JAEA and the 
regulator on the requirements for the 
safe operation of HTTR. In June 2020, 
the JAEA was given permission to 
restart the reactor and JAEA managed 

to successfully restart the reactor in 
July 2021. The project was restarted 
in early 2021 and discussions are now 
underway with project partners to plan 
the two remaining tests and discuss 
eventual future testing in the HTTR 
reactor.

The ROSAU Project
The NEA Reduction of Severe 
Accident Uncertainties (ROSAU) 
project aims to reduce knowledge 
gaps and uncertainties associated 
with severe accident progression and 
mitigation. Following the Fukushima 
Da i ich i  acc ident ,  systemat ic 
re-evaluations of assumed accident 
initiators were carried out worldwide. 
These re -evaluations examined 
plant responses to severe accident 
conditions and operator actions for 
coping with and terminating severe 
accident progression. Based on these 
analyses, gaps were identified in two 
areas of severe accident progression 
where additional knowledge was 
needed and uncertainties could be 
reduced. These areas are: 1)  the 
spreading of melt in the containment 
cavity after the reactor pressure vessel 
rupture and the effect of metal content 
in the melt on molten core-concrete 
interaction; and 2) in-vessel and 
ex-vessel melt and debris coolability.

The ROSAU Project, supported by 
15 partners in 8 countries, comprises 
11 tests in the above two areas. 
Experiments are conducted at the 
Argonne National Laboratory (ANL) 
in the United States, under the 
co-ordination of the NRC, and include 
six large underwater melt spreading 
tests (MST) with up to 300  kg of 
molten prototypic material in a newly 
designed facility and five smaller melt-
core-concrete interaction (MCCI) and 
coolability tests (DCAM) with up to 
80  kg of molten prototypic material. 
Tests are conducted at temperatures 
up to 2  500°C, with different metal 
and concrete contents in the melts, 
with different cooling water flow rates 
and sub-cooling. In addition to these 
experiments and with the support of 
project partners, the ANL will carry out 
a parallel analytical activity to refine 
and validate models and codes for 
each test category, so as to form the 
technical basis needed to extrapolate 
experiment findings to plant conditions. 
The project started in June 2019 and is 

planned to end by mid-2024. In 2021, 
test design reports and specifications 
for the second tests of each of the 
two series (DCAM and MST) were 
completed, the second DCAM test 
was conducted, and the first MST 
test was fully prepared by performing 
small scale (10 and 50 kg) preparatory 
drop tests which brought results of 
interest for code validation and building 
the test facility. Testing, in particular 
MST testing, has been delayed by 
the COVID-19 pandemic. However, 
the overall plan for the project is not 
affected.

The ESTER Project
The Experiments on Source Term 
and Delayed Releases (ESTER) 
Project (2020-2024) was launched 
in the beginning of September 2020 
to exper imenta l ly  invest igate 
delayed radionuclides remobilisation 
phenomena in a severe accident 
which, based on Fukushima Daiichi 
accident analyses, were identified 
as potentially significant contributors 
to the radionuclide release into the 
environment. ESTER will focus 
mainly on chemical remobilisation 
from radionuclides deposited on 
containment and reactor coolant 
system surfaces during the accident. 
Another part of the project will 
address the further development of 
the experimental database on the 
formation of organic iodides in the 
containment during a severe accident, 
largely developed in the concluded 
Behaviour of Iodine Project (BIP) and 
Source Term Evaluation and Mitigation 
(STEM) Project. The ESTER database 
will support the enhancement of 
chemical models predicting airborne 
radionuclide concentrations in the 
containment. These models are key to 
assessing radionuclide releases during 
an accident, particularly for caesium 
and iodine.

During the ESTER project , 
experiments will be conducted mostly 
at IRSN in facilities which were 
developed for the STEM Project. The 
CEA will conduct experiments with 
prototypical radionuclide deposits from 
the VERDON radionuclides release 
tests. The project is currently supported 
by ten partners from seven countries. 
Related to radionuclides remobilisation, 
ESTER provides investigations that are 
complementary to the THEMIS project.

NEA ACTIVITIES BY SECTOR



47

The first experiments at IRSN 
were conducted in 2021, focusing 
on the influence of methane (CH4) 
on the formation of organic iodides. 
IRSN continued the preparation and 
commissioning of the experimental 
setup for semi-integral remobilisation 
tests with the aim of studying the 
remobilisation of representative 
deposits involving major fission 
products, such as caesium, iodine and 
molybdenum, and structural materials 
from control rods. Preparations 
were also ongoing at the CEA for 
the confirmatory tests with deposit 
samples from real fuel testing. During 
these preparations, the installation 
of a new furnace in the hot cells 
progressed. 

The THAI and THEMIS 
Project
The Thermal-hydraulics, Hydrogen, 
Aerosols and Iodine (THAI) project 
was initiated in 2007 to investigate 
hydrogen and fission product behaviour 
in a reactor containment structure 
based on experiments in the THAI 
and then the THAI+ facilities operated 
by Becker Technologies GmbH in 
Germany. A second phase followed in 
2011, and phase 3 was started in 2016 
to address open issues related to:

 • passive autocatalytic recombiners 
(PARs) performance in the adverse 
conditions of counter-current flow;

 • hydrogen combustion and flame 
propagation in a two-compartment 
system, looking in particular at the 
impact of the higher flow velocities 
of the unburned gas on flame 
acceleration;

 • fission product re-entrainment from 
water pools at elevated temperature;

 • resuspension of fission product 
(FP) deposits (aerosol and 
molecular iodine) due to a hydrogen 
deflagration.

The third phase (THAI-3) ended 
in 2019, the final reporting was 
completed in 2020, and a final open 
workshop was organised in October 
2021 with the participation of 130 
experts from 21 countries and 54 
organisations. It was recognised at 
the workshop that THAI-3 provided 
a rich database that has already 
been used for lumped parameter and 
computational fluid dynamics (CFD) 
code validation regarding modelling 
of PARs functioning and combustion 
propagation in a two-compartments 
containment.  Two benchmark 
exercises in each area were conducted 
during the project itself. Data on PARs 
have also provided more confidence 
on PARs functioning under adverse 
conditions. Data on FP release from 
boiling pools and on FP remobilisation 
from surfaces under a combustion 
offered a unique database to assess 
in-containment airborne radioactivity 
during a severe accident, particularly 
regarding maintenance of gaseous 
iodine and fine aerosols concentrations 
in suspension. The presented papers 
promoted discussion on the application 
of test results for model validation/
improvement and reactor application.

A new project, THAI Experiments 
on Mitigation measures, and source 
term issues to support analysis 
and further Improvement of Severe 
accident management measures 
(THEMIS) was launched in November 
2020 to follow up on outstanding 
questions in the area of combustible 
gas and iodine-aerosol behaviour in the 
containment. The project is supported 
by 25 partners from 13 countries and 
is due to be completed by mid-2024. 
The issues that were identified as 
needing additional research relate 
to the ex-vessel phases of a severe 
accident with H2/CO mix, the presence 
of fine aerosols (iodine oxides and 
aerosols resulting from remobilisation 
phenomena), as well as topics such 
as PARs performance and interaction 

with fine aerosols, gas combustion, 
the evolution of airborne iodine oxides 
and other aerosols, and retention of 
FP under pool scrubbing conditions. 
Regarding remobilisation phenomena, 
THEMIS provides investigations that 
are complementary to ESTER. 

In 2021, testing related to PARs 
performance and pool scrubbing 
was completed. A PAR performance 
benchmark exercise was launched. 

The HYMERES Project
The Hydrogen Mitigation Experiments 
for Reactor Safety (HYMERES) project 
was initiated in 2013 with the objective 
of improving the understanding of 
hydrogen combustion phenomena 
and functioning of related mitigation 
systems in a nuclear power plant 
containment during an accident. The 
second objective of the project is 
to produce high quality and scaled 
experimental data for enhancing CFD 
and lumped parameters codes used 
to support combustion risk safety 
analyses for both existing reactor 
designs and those under development. 
The knowledge gained should 
contribute to improve severe accident 
management measures to mitigate 
hydrogen combustion risks.

A first project phase was concluded 
at the end of 2016. It consisted in 
experiments in two facilities, the 
Multipurpose Integral Test Facility for 
LWR Safety Investigations (PANDA) 
at the Paul Scherrer Institute in 
Switzerland and the Study of Thermal 
Reactor Safety Invest igat ions 
(MISTRA) facility at the CEA in France 
with complementary features, different 
scales and refined thermo-hydraulic 
instrumentation in terms of both spatial 
and temporal resolution designed for 
producing high-quality experimental 
data for the validation of CFD and 
lumped parameters codes. Tests 
addressing realistic flow conditions 
and resulting gas distribution in 

The STEM Project: 
The START test facility (left) 
and the alumina crucible (right) 
with RuO2 powder in the quartz 
tube.
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containment, interaction of safety 
components (e.g. spray, cooler, 
PARs), scaling issues and effects of 
systems for different designs (BWRs, 
PWRs, PHWRs) were completed and 
produced a large database for code 
enhancement.

The second phase of the Project 
(HYMERES-2) was carried out from 
2017 until June 2021 with 13 partners 
and 11  countries and continued 
experimental investigations in the 
PANDA facility in Switzerland. It 
focused on four main topics affecting 
the combustible gas distribution in the 
containment: extension of the database 
on flows impacting obstructions 
and containment internal structures, 
evaluation of the importance of 
radiative heat transfer, remaining 
issues on pressure suppression pools 
and BWR systems, and extension of 
the database on the performance of 
safety components such as sprays 
and coolers. All experiments have 
been performed and the project 
documentation has been completed.

In addition to the experimental 
programme, the project members and 
some external participants conducted 
a benchmark exercise on stratification 
erosion with an inclined grid involving 
codes such as CFX, Containment 
FOAM, CUPID, FLUENT, open FOAM 
and STAR CCM. The results of the blind 
and open phases were discussed and a 
final analytical workshop for the project 
participants was held in November 
2021.

The HYMERES-2 Project is also a 
pilot project for the OECD/NEA NEST 
programme in which talented fellows 
from many countries are expected to 
contribute with supporting analytical 
work. NEST activities had to be 
reduced in 2020 and in the first half of 
2021 due to the impact of the COVID-
19 pandemic, but resumed in the 
second half of 2021.

The PANDA project
Several members of the HYMERES-2 
project and additional partners 
decided to continue and extend the 
investigations of the HYMERES-2. 
The PANDA project was launched 
in July 2021 and will contribute 

to the extension of the database 
on large -scale containment basic 
phenomena. The thematic areas to 
be studied include jets or plumes 
impacting complex compartments, 
radiative heat transfer, activation of 
PWR containment spray systems, 
issues related to pressure suppression 
pools of BWRs and in-containment 
refuelling water storage tanks (IRWST) 
of PWRs, as well as tests related to 
SMR phenomenology such as Passive 
Containment Cooling System (PCCS) 
and natural convection heat transfer 
(HT) from the external wall of the 
containment to the water pool.

PANDA will be a 4-year project 
(2021-2025) and is currently supported 
by 11 organisations from 9 countries. A 
kick-off meeting was held in November 
2021 with discussions on the definition 
of the first test. The agreement 
preparation is ongoing and is expected 
to be completed in the first quarter of 
2022. 

The PRISME project

Fire is a significant contributor to 
overall core damage frequency for 
both new and old nuclear reactor 
designs. Furthermore, it may severely 
affect plant safety in nuclear fuel 
cycle facilities. Some of the technical 
issues that need to be addressed in 
fire probabilistic safety analysis are: 
the propagation of heat and smoke 
between rooms, including the effects 
of openings and ventilation systems, 
resulting stresses to sensitive safety 
equipment, fire spreading in real 
complex fire sources such as cable 
trays and electrical cabinets and the 
performance of various fire detection 
and extinction systems.

The Fire Propagation in Elementary, 
Multi - room Scenarios (PRISME) 
project operated by the IRSN, France, 
is addressing these technical issues 
experimentally, mostly in the SATURNE 
facility designed to investigate fires 
in real complex sources and in the 
DIVA large scale multi-rooms facility 
designed to investigate fire propagation 
in nuclear facility buildings. Experiments 
provide data for the development and 
validation of fire safety simplified zone 
model and CFD codes.

The first phase of the project (2006-
2011) consisted of a series of tests 
to investigate fire, heat and smoke 
propagation between rooms, including 
the effects of a ventilation network 
and the resulting thermal stresses to 
safety equipment. The second phase 
of the project (2011-2016) consisted 
of additional tests regarding fire, heat 
and smoke propagation in a multi-
room configuration, in fire tests with 
real sources such as cable trays and 
electrical cabinets and fire extinction 
studies. The current phase 3 (2017-
2021), supported by nine partners 
in eight countries, is addressing 
complements in fire, heat and smoke 
propagation inside a plant, by means 
of tests specifically tailored for fire 
code validation and fire spread in 
electrical cabinet and cable trays and 
tests with real sources. The five tests 
related to fire propagation in plants 
were completed in 2019 and the test 
reports were issued in 2020. The 
last two tests investigating fires in 
electrical cabinets were performed in 
2020, completing the related series 
of eight tests. Five tests investigating 
cable fire propagation were performed 
in 2020. The three remaining tests in 
the series were concluded in 2021. 
The final reporting and the discussion 
on the conclusions and outcome of the 
project are scheduled for the beginning 
of 2022. For this reason, it is expected 
that the project members will extend 
the project duration for a few months to 
be able to have a final meeting in 2022.

A combined benchmark is also 
being conducted between the PRISME 
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and the NEA Fire Incident Records 
Exchange (FIRE) Database project on 
a real cable fire event from a heater 
bay in a nuclear power plant. In 2020, 
the benchmark approach was defined 
and the first calculations provided and 
analysed. The exercise was continued 
in 2021 and will be concluded at the 
beginning of 2022.

Discussions have started concerning 
a new project phase extending beyond 
2021 and addressing complex realistic 
fire sources, smoke propagation, 
fire prevention and mitigation, and 
combustion in a confined environment. 
A preparation meeting was held in 
October 2021 and interested partners 
were invited to contribute to the 
refinement and finalisation of the work 
programme of the new project, which 
is scheduled to be launched at the end 
of 2022 or the beginning of 2023. 

The HEAF Project
Massive electrical discharges, referred 
to as high energy arcing faults (HEAF), 
have occurred in nuclear power plant 
switching off components throughout 
the world. These incidents have 
been increasing because of ageing 
infrastructures and growing energy 
demand. Co-ordinated by the NRC, 
the HEAF Project was initiated in 
2012 to perform experiments on 
a variety of electrical cabinets in 
order to obtain scientific data on 
HEAF phenomena through carefully 
designed experiments. Phase 1 of 
the HEAF project was completed 
in 2016. The report concluded with 
recommendations for areas requiring 
further testing, in particular to better 
understand the importance of specific 
variables such as bus bar material, 
operating voltage, current and arc 
duration on the severity of the HEAF.

In February 2017, an International 
Phenomena Identification and Ranking 

Table (PIRT) exercise was held to 
identify phenomena of the highest 
importance with the least amount of 
knowledge available on HEAF events. 
This exercise tentatively identified 
aluminium oxidation, pressure effects, 
the characteristics of target structures 
and mitigating factors (e.g.  HEAF 
shields) as being areas for further 
research. Discussions were completed 
with representatives from ten partners 
in nine countries to initiate a second 
phase of the project. The current, 
second phase of the project (2019-
2022) comprises electrical enclosures 
and bus ducts tests. Electrical 
enclosure tests have been designed 
using the same enclosure configuration 
for repeatability and based on typical 
plant design for representativeness. 
Some of the enclosures were 
dismounted from nuclear power plants 
under decommissioning to be tested 
in the project. The bus bar tests were 
designed for a known and reliable arc 
location and plasma ejection direction. 
Due to the COVID-19 pandemic, first 
tests were postponed to the middle of 
2022. The HEAF project was extended 
by the project partners until the end of 
2022 and will need to be extended 
another time. This will happen when a 
more reliable forecast of the influence 
of the pandemic on the test schedule 
is possible.

In parallel with the HEAF-2 project, 
the NRC is conducting a domestic test 
programme together with the Electric 
Power Research Institute (EPRI), 
focusing, among other things, on 
the influence of aluminium oxidation. 
Relevant test results will be shared 
with HEAF-2 project members.

The PreADES Project
Two near- term projects were 
recommended in 2017 by the Senior 
Expert Group on Safety Research 
Oppor tuni t ies Post - Fukushima 

(SAREF): The Preparatory Study on 
Analysis of Fuel Debris (PreADES) 
project and the Analysis of Information 
f rom Reactor  Bui ld ings and 
Containment Vessels of Fukushima 
Daiichi Nuclear Power Station (ARC-
F) project. The main objectives of 
PreADES are: to collect information 
that will help improve knowledge and 
methodologies for the fuel debris 
characterisation that will support 
future fuel debris sampling analysis at 
Fukushima Daiichi units 1-3; to identify 
needs for fuel debris analyses that will 
contribute to the decommissioning 
of the Fukushima Daiichi plant and 
expand the knowledge base in relation 
to severe accidents; and to prepare a 
future international R&D framework on 
fuel debris analysis.

The PreADES project started in July 
2017 and was completed in December 
2021. It involved 15  participants 
from 7  countries, as well as the EC 
Joint Research Centre. The project 
comprised three tasks. The first 
was a joint study on the expected 
characteristics of fuel debris and on 
the location of fuel debris in units 1-3. 
The second was to identify and discuss 
topics for the safety of fuel debris 
retrieval operations and analyses of 
interest from the decommissioning 
point of view (addressing e.g., 
control of criticality, maintaining 
containment and cooling functions, 
limitation of radioactive releases and 
radiation exposure) as well as major 
issues for sampling, such as analysis 
methods, facility demands, transport, 
accounting, and hot testing facilities 
(including those capable of fuel debris 
analysis). The third was to design a 
future international R&D framework 
to support the decommissioning. The 
first two tasks have been completed 
and were documented (including in 
journal publications) in 2021 based on 
current knowledge of the damaged 
reactors. Many elements supporting 
the design of fuel retrieval operations 
and the definition of fuel debris 
analyses have been compiled using 
experience from past major accidents 
(TMI-2 and ChNPP4), integral core melt 
down experiments and engineering 
judgment. The project was extended in 
2020 until December 2021 to deepen 
the discussion on needed future 

The Prisme Project DIVA facility  
for fire propagation studies.
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collaborative efforts to support fuel 
retrieval and decommissioning. This 
allowed further co-operation between 
the various joint NEA projects dedicated 
to the Fukushima Daiichi accident (e.g. 
ARC-F, PreADES, TCOFF). A joint task 
force was established to enhance 
the knowledge on debris formation 
and characteristics based on the first 
actual debris analyses results, and to 
better define the future framework 
after the project’s completion in 
December 2021. Preliminary proposals 
were made for future international joint 
evaluation/analysis R&D projects using 
analysis facilities and equipment in 
Japan. 

A joint ARC-F and PreADES projects 
meeting was held in September 2021 to 
examine the outcomes of both projects 
and define the next integrated project 
phase, called FACE, which is due to 
start in 2022. The new FACE project 
proposal intends to ensure continuity 
in the collaborative efforts for the 
development of long-term projects to 
support the plant decommissioning. 
FACE will integrate ongoing activities 
from ARC-F and PreADES on 
enhancing fuel debris characterisation, 
understanding of the plant’s damage 
state, and providing guidance for 
analysis plans. Of particular interest 
to the international community and 
Japanese partners is a round-robin 
activity on analysis of fuel debris.

The ARC-F Project
The main objective of the Analysis of 
Information from Reactor Buildings and 
Containment Vessels of Fukushima 
Daiichi Nuclear Power Station (ARC-F) 
Project was to consolidate participants’ 
and experts’ views to better understand 
the severe accident progression and 
the status inside reactor buildings and 
containment vessels at the Fukushima 
Daiichi nuclear power plant. The 
project’s work focused mainly on the 
analysis of data and information gained 
from examinations of the Fukushima 
Daiichi nuclear power plant. Another 
objective of the project was to establish 
a framework for information sharing 
between Japanese organisations and 
international experts in reactor safety.

The ARC-F Project ran from 
January 2019 to December 2021 and 
was supported by 12 countries, with 
22 partners. The project comprised 

three tasks. The first was to refine 
the analysis for accident scenarios 
and associated fission product 
transport and dispersion. The second 
task was to compile and manage 
data and information, including on 
JAEA activities, with the technical 
and financial support of the Nuclear 
Regulation Authority (NRA) of 
Japan. The third task was to review 
future long-term projects relevant 
to the Fukushima Daiichi nuclear 
power plant accident. In 2021, work 
on all three tasks was completed, 
based on current knowledge about 
the damaged plant. The first task 
focused on seven topics: 1)  overall 
co-ordination of analyses for each unit 
(units 1-3) including related activities 
in other post-Fukushima projects 
(PreADES and TCOFF); 2)  in-vessel 
melt progression; 3) ex-vessel melt 
behaviour and melt-core-concrete 
interaction (MCCI); 4) fission product 
transport and source term; 5) hydrogen 
transport and combustion; 6) backward 
source term analysis and 7)  forward 
of f-site consequence analysis. 
As part of the third task, in-depth 
discussions to continue collaborating 
to better understand the accident’s 
development and the plant’s damaged 
state took place in the fifth project 
meeting in July 2021. A joint ARC-F 
and PreADES projects meeting was 
held in September 2021 to examine 
the outcomes of both projects and 
to define the next integrated project 
phase, called FACE, which is due to 
start in 2022 and is described above. 

The SMILE Project
The Studsvik Material Integrity Life 
Extension Project (SMILE) was 
launched in 2021 with the aim of inves-
tigating metallic components and mate-
rials from nuclear power plants (BWR 
and PWR) under decommissioning to 
better understand and predict ageing 
phenomena. The information obtained 
from the experimental investigations 
can be used to support plant ageing 
management activities, life extension 
programmes, and operating licence 
renewals. The 5-year project (2021-
2025) is supported by 17 organisations 
from 8 countries. 

The project is structured into four 
main tasks dedicated to the harvesting 
of components, including associated 
documentation and calculations 

needed for the exper imental 
investigations. Task 1 is the evaluation 
(e.g. irradiation embrittlement) of low 
alloy steels used for reactor pressure 
vessels and other large vessels in the 
primary coolant circuits of LWRs. Task 
2 is the evaluation of stainless steels 
used for core support structures and 
internals where neutron irradiation 
damage is a key ageing factor. Task 
3 is the evaluation of stainless steels, 
nickel base alloys and their welds, 
where irradiation effects do not 
play a significant role. Task 4 is the 
planned investigation, to be carried 
out by Studsvik, Sweden, on materials 
harvested from retired Swedish LWRs. 

The kick-off meeting as well as 
second and third project meetings 
were held in 2021, with participants 
discussing the materials selection, 
test matrices, test procedure and 
refined objectives of the tests. Crucial 
background information on materials 
properties and earlier test programmes 
were obtained and dose calculations of 
the materials were conducted. The fist 
materials arrived and were prepared 
for further testing. Further preparation 
of the test equipment and planning of 
the materials extraction is ongoing. 
Several organisations indicated interest 
in establishing a co-operation between 
their internal projects and SMILE. 

NEA ACTIVITIES BY SECTOR
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Nuclear safety databases

The CODAP
T he Component  Operat iona l 
Experience, Degradation and Ageing 
Programme (CODAP) started in 2011, 
building on two earlier NEA projects: 
the Piping Failure Data Exchange 
(OPDE) Project that ran from 2002 to 
2011 and produced an international 
database on piping service experience 
applicable to commercial nuclear plants, 
and the Stress Corrosion Cracking and 
Cable Ageing Project (SCAP), which 
ran from 2006 to 2010 to assess stress 
corrosion cracking and the degradation 
of cable insulation, both of which have 
implications for nuclear safety and for 
plant ageing management.

The objectives of CODAP include:

 • collecting information on passive 
metallic component degradation 
and failures of the primary system, 
reactor pressure vessel internals, 
the main process and standby 
safety systems, support systems 
(i.e. ASME code classes 1, 2 and 3, 
or the equivalent), and components 
not related to safety (non-code) but 
with significant operational impact;

 • developing topical reports on 
degradation mechanisms in close 
co-ordination with the CSNI Working 
Group on Integrity and Ageing 
of Components and Structures 
(WGIAGE).

CODAP is in its fourth phase (2021-
2023) and has produced a number of 
insight reports analysing events in the 
database. During 2021, the reports 
produced included the “Phase 3 
summary report” and a topical report, 
the “Review of operating experience 
involving passive component material 
degradation in periods of extended/
long term operation”. 

By the end of the third phase (2018-
2020), the CODAP database included 
about 5 097 records on degraded and 
failed metallic piping and non-piping 

passive components. In 2021, data 
continued to be collected and analysed 
in view of future reports.

The FIRE Project
The Fire Incidents Records Exchange 
(FIRE) Project started in 2002. The 
project is designed as a long-term 
activity that is managed in different 
phases. Phase 5 of the project started 
in 2016 and lasted four years, with 
14  participating countries. At the 
beginning of 2020, phase 6 of the FIRE 
project (2020-2022) started with the 
same membership. The main purpose 
of the project is to collect and analyse, 
on an international scale, data related 
to fire events in nuclear environments. 
The specific objectives are to:

 • define the format for, and collect 
fire event experience (through 
international exchange) in a quality-
assured and consistent database;

 • collect and analyse fire events data 
over the long term so as to better 
understand such events, their 
causes and their prevention;

 • generate qualitative insights into the 
root causes of fire events that can 
then be used to derive approaches 
or mechanisms for their prevention 
or for the mitigation of their 
consequences;

 • establish a mechanism for the 
efficient feedback of experience 
gained in connection with fire 
events, including the development 
of  defences against  thei r 
occurrence, such as indicators for 
risk-based inspections;

 • record event attributes to enable 
quantification of fire frequencies and 
risk analysis.

During 2021, progress was also 
made on a common benchmark activity 
being conducted between the FIRE 
database and the Fire Propagation in 

Elementary, Multi-room Scenarios 
(PRISME) experimental project, with a 
cable fire event being selected as the 
basis for the benchmark.

More information about fire events 
in the member countries was collected 
and the most recent version of the FIRE 
database (version 2019:01), including 
datasets for 546 fire events, was 
distributed to the national co-ordinators. 

The ICDE Project
The International Common-cause 
Data Exchange (ICDE) Project collects 
and analyses operating data related 
to common-cause failures (CCF) that 
have the potential to affect several 
components or several systems, 
including safety systems. The project 
has been in operation since 1998, and 
has been extended with a new phase-8 
agreement from 2019 to 2022.

The ICDE Project comprises 
complete, partial and incipient CCF 
events. It currently covers the key 
components of the main safety 
systems, such as centrifugal pumps, 
diesel generators, motor-operated 
valves, safety relief valves, check 
valves, control rod drive mechanisms, 
reactor protection system circuit 
breakers, and batteries. These 
components were selected based 
on several probabilistic safety 
assessments (PSAs) that identified 
them as major risk contributors in the 
case of CCFs.

Qualitative insight from data will 
help reduce the number of CCF events 
that are risk contributors, and member 
countries can use the data for their 
national risk analyses. In 2021, the 
database included 1 097 records. 

In 2021, the project produced two 
topical reports: “Lessons Learned from 
Common-Cause Failures of Motor-
Operated Valves” and “Collection 
and Analysis of Common Cause Pre 
Initiator Human Failure Events”.
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Multinational Design 
Evaluation Programme 
The Multinational Design Evaluation 
Programme (MDEP) is an initiative 
to develop innovative approaches 
to leverage the resources and 
knowledge of national regulatory 
authorities engaged in new reactor 
power plant design activities. 

The main objective is to enable 
increased co-operation and estab-
lish a reference for regulatory prac-
tices so as to enhance the safety of 
new reactor designs. The enhanced 
co-operation among regulators 
will improve the effectiveness and 
efficiency of the regulatory design 
reviews, which are part of each 
country’s licensing process. The 
programme focuses on co-opera-
tion on regulatory practices that aim 
at harmonising regulatory require-
ments. The IAEA safety standards, 
which provide a general level of 
harmonisation, provide input to 
the work and can benefit from the 
final results. MDEP is primarily 
focused on design evaluation, but 
also includes inspection activities 
and generic issues. As the designs 
moved into the construction, com-
missioning and eventually the oper-
ational phases, the scope expanded 
to continue co-operation on over-
sight of construction and commis-
sioning, and to share experience 
from the first two years of operation, 
as it pertains to design. The MDEP 
framework in 2021 includes the 
EPR, AP1000, APR1400, VVER and 
HPR1000 working groups and one 
issue-specific working group ded-
icated to vendor inspection co-op-
eration to support the programme 
by addressing cross-cutting issues. 
MDEP members are regulators from 
Argentina, Canada, China, Finland, 
France, Hungary, India, Japan, 
Korea, Russia, South Africa, Türkiye, 
the United Arab Emirates, the United 
Kingdom and the United States.

A key concept behind MDEP is 
that it will better inform the deci-
sions of regulatory authorities 
through multinational co-operation, 
while each regulator retains sover-
eign authority to make licensing 
and regulatory decisions. Active, 
constructive engagement among 
regulators has led to a productive 
year in terms of sharing information 

on regulatory decisions and identi-
fying lessons learnt, especially for 
EPR, VVER and HPR1000 designs.

MDEP is in a period of evolution. 
The programmes of work for the 
EPR, AP1000 and APR1400 design 
working groups are mainly focused 
on lessons learnt in relation to com-
missioning and early phase opera-
tion activities and these efforts were 
largely completed by the end of 
2021. Therefore, the MDEP Steering 
Technical Committee has sought 
to define activities and knowledge 
management actions so as to bring 
the programme of work for these 
three designs to an orderly close by 
the end of 2021. The MDEP Policy 
Group confirmed that the Fifth 
MDEP Conference would be held in 
Hangzhou, China, but considering 
the challenges presented by the 
global pandemic, proposed to post-
pone this major event to the fourth 
quarter of 2022.

Beyond 2022, MDEP is ready to 
proceed with its revised framework. 
This revised approach will be gov-
erned by new terms of reference 
and can accommodate interactions 
with emerging countries if agreed 
by members in the future.

2021 MDEP highlights

In 2021, the MDEP design-specific 
working groups continued to make 
progress in their programme of 
work. The EPR working group issued 
two reports on the EPR break pre-
clusion approach on the secondary 
system and on EPR digital instru-
mentation and control (I&C). The 
AP1000 working group completed 
a technical report on hot functional 
and start-up testing lessons learnt 
and on lessons learnt from imple-
mentation of the common position 
addressing First-Plant-Only-Tests. 
The APR1400 working group com-
pleted two technical reports, one 
related to comparison of regula-
tory requirements for Probabilistic 
Risk Assessments (PRAs) and one 
focused on hydrogen recombiners. 
The VVER working group completed 
a technical report on ex-vessel melt 
retention in the core catcher and a 
common position on addressing 
ex-vessel corium stabilisation in 
the core catcher. In addition, the 
group issued a technical report on 
hydrogen recombiners’ reliability 

and effectiveness during plant life 
and a common position on reactor 
pressure vessel and primary com-
ponents reliability for AES-2006 
Designs. The HPR1000 working 
group completed a technical report 
on regulatory requirements and 
practices for severe accidents and 
a common position addressing 
Fukushima Daiichi nuclear power 
plant accident-related issues. 
Moreover, a report summarising 
the main outputs and lessons learnt 
from the first phase of the MDEP 
framework was discussed and 
approved by the Policy Group in 
December 2021. 

Co-operation on commissioning 
activities is part of the programme 
of work for all design-specific work-
ing groups. Over the past few years, 
MDEP design-specific working 
groups have increased their focus 
on reactor commissioning activi-
ties as new EPR, AP1000, APR1400, 
VVER, and HPR1000 plants have 
commenced commercial opera-
tions. This reporting period pro-
vided valuable opportunities for 
MDEP regulators, for instance to 
share lessons learnt on mitigating 
the impacts of COVID-19 and to 
further demonstrate the efficiency 
of using video conferencing capa-
bilities to effectively collaborate 
and share operating experience and 
information from tests conducted 
in EPR and AP1000 plants in China. 
In addition, MDEP has enhanced co-
operation in areas of emerging risk 
in supply chain management and 
vendor activities, specifically with 
regard to counterfeit, fraudulent 
and suspect items (CFSIs) with the 
publication of a revised version of 
a common position on mitigating 
the risks of counterfeit, fraudulent, 
and suspect items. MDEP also pub-
lished a technical report on safety 
culture in the nuclear supply chain 
and a revised version of a common 
position on witnessed, joint, and 
multinational vendor inspection 
protocols. 

For more information on MDEP’s 
structure, and to consult publicly 
available technical reports and 
common position papers, see www.
oecd-nea.org/mdep. The NEA is 
fully compensated for its support to 
MDEP through voluntary, financial 
and in-kind contributions made by 
individual MDEP members.

Secretariat-serviced bodies
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Human Aspects  
of Nuclear Safety
The NEA places great focus, through the work of this 
Division, on ensuring that human aspects are taken 
into account for the safe operation of nuclear facilities. 
Main areas of work to this effect include strengthening 
public communication and stakeholder engagement 
in decision-making, safety culture and other related 
issues. The work of the HANS section falls under the 
auspices of the Committee on Nuclear Regulatory 
Activities (CNRA), the Committee on the Safety of 
Nuclear Installations (CSNI), the Radioactive Waste 
Management Committee (RWMC) and the Committee on 
Decommissioning and Legacy management (CDLM).  

Highlights 

 March 2021 marked the publication of the 
Working Group on Safety Culture (WGSC) first 
major undertaking: Methods for Assessing and 
Strengthening the Safety Culture of the Regulatory 
Body.

 Steering Committee approved the mandate 
of the NEA Task Group on Improving the Gender 
Balance in the Nuclear Sector (GB-TG) to support 
follow-up actions to improve gender balance in 
nuclear energy under the auspices of the NEA.

 In November 2021, the Forum on Stakeholder 
Confidence (FSC) Task Group on Youth Involvement 
published an NEA flyer on “Intergenerational 
connections in radioactive waste management: 
Involving children and youth”, which provides 
practical examples of how countries are develop-
ing specific initiatives to involve young people in 
radioactive waste management, from informing 
and communicating to dialogue.

 In 2021, f ive International Mentoring 
Workshops in STEM were held in Kenya, Spain, 
Japan, Russia and Romania. During these events, 
accomplished national and international female 
STEM leaders encouraged young female students 
to consider higher studies and careers in STEM, 
specifically in the nuclear industry.

Safety culture, leadership and 
capacity building
The Working Group on Safety Culture (WGSC) continues 
to facilitate open exchanges between regulators on 
safety culture. The group’s scope of work ranges from 
factors influencing licensees’ safety culture to the wider 
interconnected system in order to consider the relevant 
implications for regulatory effectiveness. For many years, 
nuclear safety culture was treated as an issue primarily 
related to operators. However, it is now widely understood 
and agreed that nuclear regulatory bodies deeply impact the 
safety culture of the organisations they regulate and oversee. 
The group held biannual meetings via video conference on 
27-29 April and 23-25 November 2021 to review its ongoing 
work on safety culture and leadership in nuclear regulators.

March 2021 marked the publication of the group’s first 
major undertaking: Methods for Assessing and Strengthening 
the Safety Culture of the Regulatory Body. Building upon this 
foundation, the WGSC is currently engaged in two new pro-
jects. The first focuses on how regulatory bodies impact the 

organisations they oversee, and vice versa, from a safety cul-
ture perspective; the second will explore leadership for safety 
culture in a regulatory body. With respect to leadership, the 
NEA’s pace of engagement has increased in recent years. This 
systematic investigation into characteristics and competen-
cies at all levels of an organisation from a safety culture per-
spective will complement and strengthen previous initiatives.

Country-Specific Safety Culture 
Forum
The Country -Specific Safety Culture Forum (CSSCF) in 
Canada is scheduled to take place in Ottawa, in September 
2022; it was previously postponed due to the ongoing 
travel and on-site restrictions resulting from the COVID-19 
pandemic. Preparations, nevertheless, were on-going 
throughout the year. A snapshot study was undertaken 
based on the virtual interviews conducted with nuclear 
organisations in Canada in 2019 and 2020, and informed 
the resulting data analysis and subsequent scenario script 
for the Forum (drafted in 2021). Other core documentation 
has been finalised for the event and preparations for a 
verification mission are underway. The verification mission 
will aim to confirm, through focus groups and interviews with 
working-level staff at nuclear facilities, the analysis from the 
interviews previously conducted with senior management 
staff. The CSSCF examines the national attributes of a 
country that can influence its safety culture, and aims to 
support organisations in maintaining a healthy safety culture 
in order to safely operate nuclear facilities and effectively 
undertake regulatory activities.

Human Aspects of Nuclear Safety 

2021
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A presentation focusing on NEA’s CSSCFs was given 
on 1 December 2021 at the virtual event “Safety Culture 
Day – Working in a Multicultural Environment” featured from 
the Hanhikivi 1 construction site in Finland. The event was 
targeted to contractors at the new-build site of a nuclear 
power plant and meant to raise awareness among staff about 
the importance of safety culture. 

The CSSCF initiative was also a topic of focus at the 
Technical Meeting on Enhancing Institutional Strength 
in Depth in the Nuclear Industry, hosted virtually by the 
International Atomic Energy Agency, on 14-17 December 
2021. The NEA Secretariat delivered a presentation that 
focused on strengthening safety culture in member countries 
and also highlighted strong nuclear leadership. 

Human and organisational factors
The Working Group on Human and Organisational Factors 
(WGHOF) held its biennial meetings on 30 March–1 April 
and 25-26  October 2021. Three publications developed 
by the working group were finalised and are in the NEA 
publications phase: (i) Report on HOF Lessons Learned from 
Implementation of Post-Fukushima Actions, (ii) Report on 
Human and Organisational Performance, and the (iii) Report 
on Organisational Capabilities for Decommissioning.

Throughout the year, the WGHOF developed four 
Activity Proposals for the Committee on the Safety of 
Nuclear Installations (CSNI) to address significant topics of 
interest, which were submitted and endorsed by the CSNI 
Programme Review Group in December. The topic of trust 
is being examined by WGHOF through a joint initiative with 
the WGSC and the Working Group on Public Communication 
of Nuclear Regulatory Organisations (WGPC) members, to 
ensure a harmonised approach in addressing trust among 
nuclear entities and with the public.

Forum on Stakeholder Confidence
Stakeholder involvement in nuclear decision making is a 
global issue of increasing importance. In this context, the 
NEA Forum on Stakeholder Confidence (FSC) facilitates 
exchange of experiences on decisions and approaches to 

the management of radioactive waste and the conduct of 
decommissioning activities. The FSC also organises national 
workshops to bring together stakeholders to foster dialogue 
and the advancement of knowledge on long-term radioactive 
waste management.

The group held its annual plenary meeting on 12-14 October 
2021 to discuss its ongoing work and the progress made in 
activities on youth involvement and stakeholder involvement 
in decommissioning and legacy management. The meeting 
agenda also included national updates on the topics relevant 
to FSC work.

A thematic session on the role of regional administrations 
for public consultation was among the highlights of the 
meeting. The participants agreed that site selection 
procedures for radioactive waste management solutions 
must be based on wide consultation - including not only 
the local communities but also the regional governance and 
administration entities in these discussions.

Another thematic session focused on the symbolic 
dimension of the language used in association with 
radioactive waste and decommissioning activities. Key 
concepts related to radioactive waste management may 
have symbolic meanings beyond dictionary definitions and 
may also be interpreted differently by various stakeholder 
groups. As such, in order to advance waste management 
programmes, it is of crucial importance to understand 
the needs of different stakeholder communities and 
communicate effectively.

In November 2021, the FSC Task Group on Youth 
Involvement published an NEA flyer on “Intergenerational 
connections in radioactive waste management: Involving 
children and youth”, which provides practical examples of 
how some countries are developing specific initiatives to 
involve young people in radioactive waste management, from 
informing and communicating to dialogue.

The FSC recently established a new task group, 
Stakeholder Involvement in Decommissioning and Legacy 
Management (SIDLM), in response to member country 
needs regarding the methods and best practices to engage 
with stakeholders particularly in decommissioning processes 

Various sectors of activity at the Nuclear  
Regulatory Commission. 

Nuclear Regulatory Commission (NRC),  
United States
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and legacy management. The group held its first meeting 
on 15 September 2021 to define its key areas of work and 
potential deliverables.

By facilitating direct support for the CDLM while engaging 
the existing expertise in the FSC, this new group will examine 
interactions with local populations during decommissioning 
plan development, explore existing research to develop 
practical approaches and catalogue the current best practices 
in knowledge-based and competent communication with 
stakeholders. In doing so, the group addresses the limitations 
of the current FSC membership in its ability to concentrate 
on the nuances and complexities of stakeholder involvement 
in decommissioning and legacy management.

During the group’s first meeting, delegates exchanged 
information on the current decommissioning and legacy 
management projects in their national context and discussed 
the main challenges encountered in involving stakeholders. 
The participants also identified potential areas of collaboration 
with other NEA bodies, notably the recently created Working 
Party on Management and Organisational Aspects (WPMO).

Public communication and 
stakeholder involvement
The NEA Working Group on Public Communication of 
Nuclear Regulatory Organisations (WGPC) held its biannual 
meetings on 4-6 May 2021 and on 9-10 November 2021, and 
celebrated its 20th anniversary.

The WGPC was established in 2001 under the umbrella of 
the NEA Committee on Nuclear Regulatory Activities (CNRA) 
in response to member countries’ needs regarding the poli-
cies of nuclear regulatory organisations in the area of public 
communication. During the past two decades, the group has 
provided a forum for nuclear regulatory organisation com-
municators and outreach officers to exchange information, 
experience and practices. It has also promoted efficient col-
laboration between member countries in this field.

The first day of the May meeting was dedicated to a 
Workshop on Service Design Approach in Developing 
Communications, organised by Finland’s Radiation and 
Nuclear Safety Authority (STUK). During this online work-
shop, STUK delegates shared their experiences in using a ser-

vice design approach when developing their communications 
strategy and presented case studies on how to successfully 
implement this tool. The key take-away for the participants 
was an improved understanding of the service design concept, 
particularly in terms of stakeholder mapping and analysis.

Another key highlight of the meeting was the thematic 
session on the lessons learnt from the Fukushima Daiichi 
accident with regards to public communication, moderated 
by NEA Director-General William D. Magwood, IV. Over the 
last decade, the Fukushima Daiichi experience has spurred 
considerable rethinking in Japan and in countries around the 
world on both crisis communication and risk communication 
practices. It is now well understood that stakeholder 
engagement is essential for both policy decision making and 
emergency management planning decisions.

Further efforts are also needed to develop better and 
more effective means for communicating and discussing 
risk with the general public, especially prior to any 
radiological or nuclear emergency. In this context, the group 
is currently working on establishing a Risk Communication 
Training Course (RCTC) for communication and outreach 
officers, technical staff and inspectors working in relevant 
public organisations (regulatory bodies, technical safety 
organisations, agencies for radioactive waste management). 

The group also continued its ongoing work on the 
characteristics of a trusted regulator. Public trust in nuclear 
regulatory authorities is essential for effective nuclear 
regulation and is equally important as technical competence, 
independence and adequate resources. Accordingly, the 
results of the public survey conducted in February and 
March 2021 (which collected almost 800 responses from 
35 countries) will be used to develop a regulatory guidance 
report that will outline the organisational characteristics 
that can help build, maintain and enhance trust between 
nuclear regulators and their stakeholders. The report will 
complement the previous NEA reports on The Characteristics 
of an Effective Nuclear Regulator (2014) and The Safety 
Culture of an Effective Nuclear Regulatory Body (2016).

The WGPC continues its collaboration with the FSC 
and organised a joint workshop entitled How to Deal with 
Misinformation? on 10 November 2021. The workshop 
featured presentations from external speakers and case 
studies from FSC and WGPC members.

NEA Working Group on 
Public Communication 
of Nuclear Regulatory 
Organisations (WGPC) 
meeting, 4-7 May 2021.
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Nuclear Risk Communication 
Training Course
In December 2020, the WGPC started its project to design 
and implement a Risk Communication Training Course (RCTC) 
which aims to provide communication and technical profes-
sionals working in relevant public organisations (regulatory 
bodies, technical safety organisations, agencies for radioactive 
waste management, etc.) with the fundamentals of risk com-
munication excluding crisis communications. The scope of 
the training will include understanding of risk communication 
principles, and building trust by learning how to communicate 
effectively before, during, and after a regulatory and radiolog-
ical protection decision is made. This task will be carried out 
in close collaboration with the CRPPH and the FSC. The first  
edition of the training course will be held in December 2022.

The RCTC Advisory Board, composed of WGPC members, 
representatives of the NEA and risk communication experts, 
held its first meeting on 4 November 2021. The members 
discussed the learning objectives and programme of the first 
edition. 

International mentoring workshops 
in STEM
As part of its mission, the NEA is committed to supporting its 
member countries in achieving a robust, qualified workforce 
and developing the next generation of nuclear professionals 
and leaders. The under-representation of women in the nuclear 
sector has a direct impact on member countries’ capabilities 
to maintain a highly skilled and diverse nuclear labour pool. 
Accordingly, attracting and retaining more women into careers 
in Science, Technology, Engineering and Mathematics (STEM), 
and highlighting the prospects for women at each stage of 
their education and career development is an important goal 
that the NEA works with its member countries in pursuing.

To help remedy the gender gap and ensure a robust and 
diverse STEM pipeline for the future of the nuclear sector, 
the NEA is collaborating with member countries to target the 
next generation. In 2021, the RP-HANS division co-organised 
workshops with five host countries, one in-person workshop 
and the others via virtual platforms. The first workshop was 
held on 21-23 July in co-operation with the International 
Framework for Nuclear Energy Cooperation (IFNEC) and 
Kenya’s Nuclear Power and Energy Agency (NuPEA), which 
brought together 46 high -school students (both females and 
males) from Kenya with engineers, researchers and scientists 
from Kenya and NEA member countries. The second was 
held on 5 October 2021 in Granada, Spain, jointly organised 
with Women in Nuclear (WiN) Spain and co-sponsored by 
the City Council of Granada and the Electric Power Research 
Institute (EPRI). This brought together around 70  female 
high-school students from Granada with 12 mentors. The 
third was organised virtually on 12-14 October 2021 in 
co-operation with Japan’s Nuclear Damage Compensation 
and Decommissioning Facilitation Corporation (NDF). The 
three-day “Joshikai” workshop provided 24 high -school 
students from Japan and Romania the opportunity to meet 
and interact with eight mentors. The fourth workshop took 
place in conjunction with the Third Eurasian Women’s Forum 
held in Saint Petersburg, Russia, on 13-15 October 2021. 
Organised in co-operation with the State Atomic Energy 
Corporation Rosatom (Rosatom) and its Technical Academy, 
the event attracted around 30 Russian and Turkish students 
from Peter the Great St. Petersburg Polytechnic University.

The last Mentoring Session was held on 2 November 
2021 in co-operation with the Ministry of Energy, Romania, 
and brought together eight Romanian high-school students. 
Five of the eight Romanian students that participated in the 
Mentoring session had taken part in the Joshikai event, and 
were eager to continue engaging with international mentors. 
Based on feedback from these workshops, the initiative has 
proven successful in engaging the interest of principally 
young female students in STEM studies and careers, and 
has enabled participants to directly address any questions 
and concerns they may have about going into this field. A 
number of member countries are interested in co-hosting 
mentoring workshops in 2022. 

Gender balance in the nuclear sector
Improving gender balance in the nuclear workforce is a 
growing area of focus for the NEA and its member countries. 
The NEA is working with its member countries to explore 
new and creative approaches to gender balance in the nuclear 
science and technology arena. As part of these efforts, the 
NEA convened a high-level working meeting on improving 
the gender balance in nuclear energy on 11-12 February 
2021. The delegates agreed to develop joint data collection 
instruments to understand female representation in the 
nuclear energy workforce in NEA countries, and to identify 
the barriers and challenges confronting women in order to 
formulate targeted policy recommendations.

Data collection was launched in June 2021 with a public 
survey which attracted over 8 000 responses, and a human 
resources survey sent to NEA countries. The report and 
proposed policy recommendations are anticipated for 2022. 
In September 2021, the Steering Committee approved a 
mandate for an official body called the NEA Task Group on 
Improving the Gender Balance in the Nuclear Sector (GB-
TG). This group is chaired by Steering Committee Vice Chair 
Fiona Rayment and will support follow-up actions and carry 
forward the work on data, policy, communications, engage-
ment and educational activities to enhance the contributions 
of women to the sector.

To promote the visibility of women in nuclear energy, the 
NEA launched a multimedia campaign in March 2021 featur-
ing videos, social media and web features profiling women 
scientists, engineers, and senior NEA leaders. In October 
2021 the NEA co-organised gender balance and diversity 
panels at the Eurasian Women’s Forum and the Women in 
Nuclear (WiN) Global annual conference. The Global Forum 
on Nuclear Education, Science, Technology and Policy, an 
NEA initiative connecting academic institutions with NEA 
countries and nuclear energy stakeholders, launched a work-
ing group on achieving gender balance in nuclear technology 
and academia in December 2021. The NEA will continue to 
integrate data and policy with communications and outreach 
as part of a holistic strategy to support member countries 
working to improve gender balance and diversity.

Contact:
Greg Lamarre
Head, Division of Radiological Protection 
and Human Aspects of Nuclear Safety 
+33 (0)1 73 21 29 40 
greg.lamarre@oecd-nea.org

mailto:greg.lamarre@oecd-nea.org
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Radiological 
Protection
The goal of the NEA in this sector is to assist member 
countries in the policy, regulation, implementation 
and further development of the system of radiological 
protection by identifying and effectively addressing 
conceptual, scientific, policy, regulatory, operational and 
societal issues. The staff works closely with the Committee 
on Radiological Protection and Public Health (CRPPH) 
and the working parties and expert and task groups that 
support this committee. More and more issues cut across 
several, if not all, other standing technical committees.

Highlights 

 In August 2021 the NEA International 
Radiological Protection School was held online 
for the first time, bringing together 37 participants 
from 20 countries and 3 international organisations 
with a faculty of 21 international senior experts.

 In October 2021 the Expert Group on 
International Recommendations (EGIR) met for the 
first time to share topical priorities to be addressed 
during the review of the international System 
of Radiological Protection of the International 
Commission on Radiological Protection (ICRP).

 In November 2021 the Working Party on 
Nuclear Emergency Matters (WPNEM) reviewed 
progress against the Programme of Work at its 
annual meeting. All proposed groups are now 
operational and on track to meet deliverable tar-
gets, including: The Expert Group on Comparison 
and Understanding of Dose Prognosis (EGDP), the 
Expert Group on the Use of Real-Time Platforms 
(EGRT), the Expert Group on Non-Radiological 
Public Health Aspects of Radiation Emergency 
Planning and Response (EGNR) and the Task Group 
on Protective Measures Handbook (TGPMH).

NEA ACTIVITIES BY SECTOR

The Japanese delegation echoed these recommendations 
by sharing experiences from the Fukushima Daiichi nuclear 
power plant accident, identifying a number of areas where 
lessons from experience have triggered changes.

In November 2021, the members of the CRPPH Working 
Party on Nuclear Emergency Matters (WPNEM) agreed to 
establish an Expert Group on INEX-6. INEX-6 is the sixth 
exercise in the International Nuclear Emergency Exercise 
(INEX) series and will focus on the long-term recovery 
phase. A Preliminary Task Force (PTF) was convened prior 
to the WPNEM meeting and met five times in 2021 to collate 
initial findings on the potential exercise objectives, scope and 
format. The outcomes from the PTF and discussions at the 
WPNEM November meeting will be carried forward by the 
Expert Group on INEX-6, which will design and implement 
INEX-6, as well as analyse the main findings of the exercise. 

Radiological protection knowledge 
management in times of a global 
pandemic 
The International Radiological Protection School (IRPS) has 
proven to be an efficient tool for transferring and maintaining 
radiological protection knowledge even in times of a global 
pandemic. The NEA approach allows future radiological 
protection specialists and policymakers to learn directly 
from those experts who have substantially shaped today’s 
international radiological protection system. The IRPS 
goes far beyond the mere imparting of facts. It aims to 
equip participants with the tools to read between the lines 
and understand the underlying spirit of the international 
radiological protection system as well as the challenges it 
faces. After being postponed in 2020 due to the COVID-
19 pandemic, the 3rd edition of the IRPS was held online 

Annual meeting of the Committee 
on Radiological Protection and 
Public Health 

During the annual meeting held virtually in April 2021, in 
addition to the review and consolidation of its programme 
of work, the CRPPH agreed to convene its Expert Group on 
International Recommendations (EGIR) to provide effective 
and multinational feedback to the ICRP revision of the 
international System of Radiological Protection over the 
coming decade. In addition to this, the CRPPH discussed 
jointly with the Committee on Decommissioning of Nuclear 
Installations and Legacy Management (CDLM) how to define 
and refine expectations for the third Stakeholder Involvement 
Workshop on optimisation in decision-making planned for 
2023 together with other NEA Standing Technical Committees 
and International Organisations. The desire for guidance on 
the definition and coherent application of optimisation was 
confirmed. Finally, the Committee underlined the importance 
of the radiological protection-related recommendations of 
the NEA report Fukushima Daiichi Nuclear Power Plant 
Accident, Ten Years On: Progress, Lessons and Challenges. 

O
ccupational Exposures at N

uclear Pow
er P

lants

Radiological Protection 

2021

Twenty-Eighth Annual Report 

of the ISOE Programme, 2018

NNEEAA

Occupational Exposures

at Nuclear Power Plants

Radiological Protection and Public Health2021

Summary Report of the NEA Stakeholder Involvement Workshop on Risk Communication 

NNEEAA

Towards a Shared 
Understanding  
of Radiological Risks



58 | NEA Annual Report 2021

in August 2021 in co-operation with the Swedish Radiation 
Protection Authority (SSM) and the Centre for Radiation 
Protection Research at Stockholm University. Thanks to the 
outstanding efforts of the 21 international senior experts who 
constituted the faculty, the participants were able to prepare 
for the live course by following 40 hours of pre-recorded 
lectures on a dedicated learning platform developed in 
co-operation with Oregon State University. Despite the online 
format, feedback on the 2021 edition was very positive and 
the inclusion of an online feature for future in-person IRPS 
editions is now envisaged. The 2022 edition is planned for 
late August in Stockholm.

Reducing uncertainties in the area  
of low-dose research
The High-Level Group on Low-Dose Research (HLG-LDR) 
addresses scientific uncertainties in the area of low-dose and 
low-dose rate health effects and risks and proposes ways to 
improve the effectiveness and efficiency of research through 
global networking. With the three-year mandate officially 
adopted by the Committee on Radiological Protection and 
Public Health (CRPPH) in May 2021, the HLG-LDR’s three 
topical groups are now in a decisive phase of their work.

The Low-Dose Research Database Group is making 
progress on the creation of an online database for ongoing 
and planned low-dose research projects. The database will 
provide researchers with an efficient tool to identify possible 
collaboration opportunities, avoid unnecessary duplication 
of research efforts, and encourage international research 
co-operation in the area of low-dose research. The launch of 
the database is currently planned for early 2022.

The Rad/Chem AOP joint topical group has undertaken an 
international effort to develop the use in radiation research 
and regulation of the OECD’s Adverse Outcome Pathways 

(AOP) concept, first developed by the chemical (eco)
toxicology community. As part of this effort, the group is 
conducting a survey on the challenges related to low-dose 
radiation research, risk assessment and regulatory decision-
making with the ultimate goal of exploring how the AOP 
framework could address such challenges. More than 250 
questions/challenges were received and their analysis by a 
dedicated steering committee will inform the work of the 
HLG-LDR to advance radiological research using the AOP 
framework and facilitate collaboration between the chemical 
and radiation research communities.

The topical group on Policy-Oriented Communication 
Strategy agreed to focus on issues in the low-dose radiation 
health risks that would benefit from clearer communication 
and translate technical results into policy-oriented messages. 
To achieve these goals, the group decided to clearly define 
the problems related to low-dose health risks, list the issues 
of concern that would benefit from improved communication, 
and identify available tools that can lead to more effective 
communication in the low-dose radiation field. The group 
will share its experience with other health communication 
groups in various multilateral organisations in order to 
identify mechanisms for transposing complex science into 
understandable messages, to help understand the impacts 
of key research findings, and to foster further links between 
the research community, policymakers, regulators and 
practitioners.

The activities of the HLG-LDR were widely disseminated 
on the international scene in 2021: in September 2021 at the 
4th meeting of the National Academies of Sciences and the 
Committee tasked with developing a Long-Term Strategy 
for Low-Dose Radiation Research in the United States; in 
October 2021 at “the Future of Radiological Protection” 
Digital Workshop organised by the International Committee 
on Radiological Protection (ICRP); and in December 2021 

NEA International Radiological Protection School in August 2021.
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at the International Dose Effect Alliance (IDEA) workshop 
organised by the Electric Power Research Institute (EPRI) in 
collaboration with the NEA HLG-LDR.

Third Stakeholder Involvement 
Workshop on optimisation in 
decision-making
During 2021 the NEA began planning its 3rd Stakeholder 
Involvement Workshop with a focus on optimisation 
in decision-making. Optimisation in decision-making is 
broadly applicable to the whole spectrum of nuclear and 
radiation-related policy, regulation and practice. Although the 
process is not commonly defined across different sectors, 
optimisation has always been a fundamental concept in 
decision-making across various sectors. In recent years, 
the way it is applied has changed as society has evolved to 
promote an inclusive and holistic decision-making process. It 
now addresses the need to integrate many diverse aspects 
and views, particularly those of key stakeholders, to provide 
balanced and optimised decisions. That being said, NEA 
member countries identified the need for more international 
exchange in this area. The workshop will reflect on these 
changes and identify areas for further development across 
the nuclear sector. A high-level programme committee began 
work in 2021 to define the main objectives of the workshop 
and to provide guidance to the Secretariat in developing the 
workshop agenda. Current plans are for the workshop to take 
place in mid-2022.

Implementing the new ICRP 
equivalent dose limits for the lens  
of the eye
The NEA Expert Group on the Dose Limit for the Lens of the 
Eye (EGDLE) aims to facilitate the exchange of experience 
among member countries on the practical implementation 
of the dose limits to the lens of the eye, recommended by 
the International Commission on Radiological Protection 
(ICRP) for occupational exposures. Based on the results of 
a member country survey conducted in 2020, the EGDLE 
report analyses the successes and challenges of the 

regulatory response in NEA member countries to evolving 
information related to occupational exposures to the lens of 
the eye. The report, to be published in 2022, provides an 
overview of the regulatory activities related to exposures to 
the lens of the eye and gives insights on relevant legislative 
changes to lens of the eye dose limits, lists challenges 
associated with recording doses to the lens of the eye, and 
identifies opportunities for future work and international 
collaboration in radiation research

National-level guidance for building 
a framework for post-accident 
recovery preparedness
The Expert Group on Recovery Management (EGRM), 
established in 2019, finalised in November 2021 its work 
on a report to provide national-level guidance for countries 
to develop a post-nuclear accident recovery preparedness 
framework. The report reflects many of the lessons learnt 
on long-term recovery issues since the Fukushima Daiichi 
nuclear accident, as well as from other nuclear or radiological 
accidents such as Chernobyl. This experience has underlined 
the multidimensionality of such accidents’ impacts, e.g. on 
health, including mental health and psychosocial support, 
the economy, or the environment, as well as their long 
duration. The EGRM report will assist member countries in 
developing their own national plans and procedures for post-
accident recovery in a harmonised manner. The framework 
introduced by the EGRM follows a cyclical approach of 
preparing for recovery through the development of a 
recovery preparedness framework, including the definition 
of recovery objectives, together with the definition of topical 
and cross-cutting strategies to achieve those objectives after 
a potential accident. Finally, the success of the achievement 
of the recovery objectives is assessed and feeds back into 
the improvement of the recovery preparedness framework. 
Such improvement can be reached either through experience 
from real situations and/or through exercises. The EGRM 
plans to hold a workshop in 2022 to share, among other 
things, experiences in recovery management and in 
exercising recovery from a nuclear or radiological accident. 
The publication of the framework is expected in early- to 
mid-2022.

National Cancer Institute.

Unplash
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Mitigating the mental health and 
psychosocial impacts of nuclear or 
radiological emergencies
The Expert Group on Non-Radiological Public Health 
Aspects of Radiation Emergency Planning and Response 
(EGNR) is preparing practical guidance to integrate 
mental health and psychosocial impacts in decision-
making throughout the nuclear emergency cycle. The 
group’s report, expected to be published in late 2022, will 
propose practical actions at different governance levels 
(e.g. local, regional, national) throughout the nuclear 
emergency cycle. The aim is to equip decision makers 
with a tool to move from a purely radiation protection-
centred approach (i.e. focus only on reducing radiation 
exposure) to a more comprehensive approach of protecting 
health and well-being in the broadest sense. The group 
made substantial progress in 2021 and produced a first 
draft of its report. Central to the report will be a summary 
table describing 27 key practical actions covering the 
preparedness, response and recovery phases of a nuclear 
or radiological emergency. Actions include the training of 
nuclear/radiation workers and mental health experts, the 
development of a mental health and psychosocial support 
co-ordination plan, and communication and engagement 
with local communities. For actions for which there is 
comprehensive existing guidance that can be directly 
adopted for nuclear or radiological emergencies, e.g. from 
non-nuclear emergency contexts, the summary table will 
include respective references. In addition to the summary 
table, the group is in the process of developing detailed 
action sheets for actions for which no adequate guidance 
to be applied in the context of nuclear or radiological 
emergencies exists yet.

Improving cross-border 
co-ordination of protective actions  
in case of emergency
The NEA Expert Group on Comparison and Understanding 
of Dose Prognosis (EGDP) made substantial progress 
in 2021. The country fact sheet on dose prognosis in an 
emergency was developed to collect the core information 
of the different codes used in NEA member countries. The 
group also specified and ran a series of three drill scenarios 
considering different source terms and meteorological data: 
“easy meteorology” (low), “high pressure” (medium) and 
“frontal passage” (high). The EGDP members completed 
these three exercises separately in May, September, and 
November 2021. The work on the in-depth comparison and 
analysis of the results of the three drills is ongoing to achieve 
a common understanding of the outputs of dose projection 
codes, which is expected to be shared during the EGDP 
Workshop due to be held in 2022. 

The new NEA Expert Group on the Use of Real-Time 
Platforms (EGRT) held its kickoff meeting remotely in May 

2021. The EGRT aims to review existing real-time platforms 
used in emergency preparedness and response in NEA 
member countries, with a view to facilitate cross-border 
and regional information exchange and co-ordination of 
protective actions. After several meetings, a draft survey, 
expected to be distributed to NEA member countries in early 
2022, was developed to collect the main features of the 
platforms, e.g. their names and responsible organisations, 
the technical content (weather forecasts, protective actions, 
etc.), and their functionalities to facilitate cross-border and 
regional exchange. The objectives of this survey are twofold: 
to review the real-time platforms of different NEA member 
countries, and to collect and classify (from “not necessary” 
to “mandatory”) the features of a real-time platform to 
facilitate cross-border and regional information exchange.

The new NEA Task Group on Protective Measures 
Handbook (TGPMH) held its kick-off meeting remotely in April 
2021. This task group will work electronically on the basis 
of a questionnaire to update WPNEM member countries’ 
Protective Measures Handbooks (issued in 1994, 2003 and 
2012) considering implementation of the IAEA Preparedness 
and Response for a Nuclear or Radiological Emergency 
(GSR Part 7), other post-Fukushima considerations, as well 
as feedback from INEX-5. In 2021, the TGPMH held four 
meetings and finished defining its programme of work. 
Moreover, the group also developed the draft survey for the 
updates of the short-term protective measures in member 
countries and expects to send it to member countries in 
early 2022.

Enhancing co-ordination with 
international organisations in  
the field of radiological protection
The CRPPH’s working methods, based on the broad 
expertise of its member countries, facilitate and support 
international consensus on radiological protection concepts, 
regulatory issues and practices. In its new Strategic 
Direction, Objectives and Prioritisation of Activities to 
Guide the Evolution of The Committee’s Programmes of 
Work for 2021-2022 and 2023-2028 published in 2021, the 
CRPPH confirmed international co-ordination as one of its 
top priorities. The document underlines the importance 
in the CRPPH providing input to national governments 
and international organisations to support state-of-the-art 
knowledge and to share best practices. CRPPH interaction 
and co-ordination with international organisations is 
essential to seek synergy, complementarity, avoid overlap 
and contribute to a harmonised radiological protection 
framework. The Inter-Agency Committee on Radiation Safety 
(IACRS), for which the NEA provides the secretariat jointly 
with the International Atomic Energy Agency, is an excellent 
lever in this context. One plenary and two extraordinary 
meetings of the IACRS were held in 2021 to discuss the 
joint programme of work for the ongoing 18-month term. 
The bilateral annual meeting with United Nations Scientific 
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The Information System on Occupational Exposure

Since it was created in 1992, the 
Information System on Occupational 
Exposure (ISOE), administered jointly 
by the NEA and the IAEA, has been 
facilitating the exchange of data, anal-
ysis, experience and lessons learnt in 
occupational radiological protection 
at nuclear power plants worldwide. It 
maintains the world’s largest occupa-
tional exposure database and a net-
work of utility and regulatory authority 
radiological protection experts.

At the end of 2021, the ISOE pro-
gramme included 79 nuclear licensees 
and 27 regulatory authorities from 31 
participating countries. The ISOE pro-
gramme operates in a decentralised 
fashion. Operational decisions and over-
all direction are provided by the ISOE 
Management Board, which is com-
posed of representatives from licen-
sees and regulatory authorities from 
all participating countries. The ISOE 
Bureau, elected by the Management 
Board, guides the ISOE Secretariat’s 
work between Management Board 
meetings. Both are supported by the 
joint NEA/IAEA Secretariat. Four ISOE 
Technical Centres (Asia, Europe, North 
America and other non-NEA member 
countries served by the IAEA) support 

the programme’s day-to-day technical 
operations and are contact points for 
the transfer of information from and 
to the participants. A national coordi-
nator in each country provides a link 
between the ISOE participants and the 
ISOE programme. Specialised working 
and expert groups are created on an 
as-needed basis by the Management 
Board to support the goals of the ISOE 
on specific topics. There is currently 
one active working group, the Working 
Group on Radiological Protection 
Aspects of Decommissioning Activities 
at Nuclear Power Plants (WGDECOM).

The ISOE occupational exposure 
database contains information on 
occupational exposure for 345 operat-
ing units and 77 units in cold shutdown 
or at some stage of decommissioning. 
The ISOE database, publications, 
benchmarking visits and annual sym-
posia, along with the ISOE Network 
website, facilitate the exchange among 
participants of operational experience 
and lessons learnt in the optimisation 
of occupational radiological protection.

In 2021, the ISOE programme 
continued to focus on the exchange 
of data, analysis, best practices and 
experience in the area of occupational 

exposure reduction at nuclear power 
plants, and on improving the quality of 
its occupational exposure database.

The ISOE Management Board con-
vened for the 31st time in December, 
and the WGDECOM had its yearly 
meeting in November to review the 
status and progress of its programme 
of work (2020-2023).

Key outcomes of work during 2021 
include the collection and integration 
of 2020 data into the ISOE database 
and the publication of the ISOE Annual 
Report for 2018, the ISOE Consolidated 
Country Reports for 2019 (extended 
version) and 2020, as well as two new 
information sheets.

Two virtual regional symposia were 
organised by the ISOE European and 
North American Technical Centres in 
January and June, respectively. Two 
virtual educational workshops were 
held in June and July in the United 
States: on ALARA (“as low as reasona-
bly achievable”) challenges and lessons 
learnt, and on the Darlington Nuclear 
Generating Station refurbishment.

NEA
NUCLEAR ENERGY AGENCY

ISOE
Information System on Occupational Exposure

Joint Project

NEA ACTIVITIES BY SECTOR

Committee on the Effects of Atomic Radiation identified the 
common goal to co-ordinate in a synergistic manner in areas 
of shared interest, such as occupational exposure, low -dose 
research, and education and training. Finally, the role of the 
NEA as a specific liaison organisation of the ICRP was at the 
forefront in 2021, with work begun on the revision of the 
fundamental recommendations.

The NEA is also a participating organisation of the Inter-
Agency Committee on Radiological and Nuclear Emergencies 
(IACRNE). Next to the active participation in the IACRNE 
plenary meeting in March 2021, the NEA played its role as 
outlined in the Joint Emergency Management Plan of the 
International Organisations (IACRNE JPLAN) during the 
international exercise ConvEx-3, held on 26-27 October 2021. 
During the exercise the NEA surveyed the governmental 
decisions and recommendations on protective and other 

response actions in a nuclear or radiological emergency 
and actively monitored the IAEA’s Unified System for 
Information Exchange in Incidents and Emergencies (USIE) 
and International Radiation Monitoring Information System 
(IRMIS) systems throughout the exercise. As a result, 
situational awareness was disseminated to colleagues 
involved in the response internally and NEA public messaging 
was tested.

Contact:
Greg Lamarre
Head, Division of Radiological Protection 
and Human Aspects of Nuclear Safety 
+33 (0)1 73 21 29 40 
greg.lamarre@oecd-nea.org

mailto:greg.lamarre@oecd-nea.org
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Radioactive Waste 
Management
The goal of the NEA in this sector is to assist member 
countries in the development of safe, sustainable and 
broadly acceptable strategies for the long-term management 
of all types of radioactive waste and spent fuel, and to 
provide governments and other relevant stakeholders with 
authoritative, reliable information on the political, strategic 
and regulatory aspects of radioactive waste management.

Highlights 

 In preparation for the Safety Case Workshop 
to be held in Romania on 8-10  February 2022, 
the Integration Group for the Safety Case (IGSC) 
organised an online Expert Roundtable on 24 June 
2021, gathering more than 430 online participants. 
The invited speakers discussed the importance of 
getting a better understanding of methods used to 
build robust safety cases (to enhance confidence) 
for various disposal options.

 On 8 October 2021, the NEA held a webinar to 
celebrate the 20th Anniversary of the Regulators’ 
Forum (RF), highlighting the main achievements 
and discussing the RF’s vision of its future 
development. The RF Anniversary Flyer is 
expected to be published by the NEA in early 2022.

2018). The WP-IDKM envisions establishing a timeline to 
identify key IDKM actions and decisions to be carried out by 
specific actors, or stakeholders. The working party is further 
developing the results from the topical session and plans to 
publish a reference note on IDKM timescales in 2022. 

The four expert groups under the WP-IDKM developed 
their programmes of work and started their activities, with 
the first plenary meetings being held virtually via video 
conference:

 • The Expert Group on a Data and Information Management 
Strategy for the Safety Case (EGSSC) held its first plenary 
meeting in October 2021. Members discussed the 
status of technical work done in 2021 and carried out a 
prioritisation exercise on the EGSSC programme of work 
to determine the activities that should be completed 
in 2022.

 • The Expert Group on Knowledge Management for 
Radioactive Waste Management Programmes and 
Decommissioning (EGKM) held its first plenary meeting 
in May 2021. Members were introduced to important work 
from member countries that contributed to the EGKM 
programme of work and discussed a method of working 
and priority activities for 2021.

 • The Expert Group on Archiving for Radioactive Waste 
Management Activities (EGAR) held its first plenary 
meeting in June 2021 to discuss the activity plan of 
2021 and priority activities. Members were introduced to 
important work from member countries that contributed 
to the EGAR programme of work and discussed a method 
of working and priority activities for 2021.

 • The Expert Group on Awareness Preservation after 
Repository Closure (EGAP) held its first plenary meeting 
in April 2021. Members were introduced to important work 
from member countries that contributed to the EGAP 
programme of work and discussed a method of working 
and priority activities for 2021. As part of its programme of 
work, the EGAP held three-hour virtual sessions designed 
to develop capacity in theoretical understanding of Futures 
Literacy and Heritage Processes in May and June 2021, 
respectively.

Information, Data and Knowledge 
Management activities
In March 2019, the NEA Radioactive Waste Management 
Committee (RWMC) moved to establish a new initiative to 
address a comprehensive scope of information, data and 
knowledge management issues in the domain of radioactive 
waste management. The Working Party on Information, Data 
and Knowledge Management (WP-IDKM) held its plenary 
meeting in January 2021 to review the status and planned 
activities of the four expert groups under its auspices as well 
as to discuss international updates in information, data and 
knowledge management for radioactive waste management. 
A topical session on the IDKM timescales was held in 
September with the aim of improving common understanding 
of the timescales associated with different IDKM activities 
(i.e. safety case data management, knowledge management, 
archiving and awareness preservation). The topical session 
built off the work of the former Records Knowledge & 
Memory Across Generations (RK&M) initiative (2003-
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The Regulators’ Forum
In 2021, the Regulators’ Forum (RF) continued in its role 
supporting the two NEA technical committees involved in 
back-end activities of the nuclear fuel cycle, the Committee 
on Decommissioning of Nuclear Installations and Legacy 
Management (CDLM) and the RWMC. The ad hoc groups, 
established in 2020 by the RF, continued their work on 
advising the RF on the scope of its work. One of the groups 
focused on regulatory issues in the areas of radioactive 
waste management while the second worked on issues in 
decommissioning and legacy management. The results of 
the work of both groups will be presented to the RF at its 
plenary session in 2022.

At its annual plenary meeting in March 2021, the RF 
organised a broad discussion of lessons learnt from the 
COVID-19 pandemic in the context of safety regulation with 
the participation of the Committee on Radiological Protection 
and Public Health (CRPPH) and the Committee on Nuclear 
Regulatory Activities (CNRA). The challenges identified in 
the discussion will be included in the next RF programme 
of work.

In May 2021, the RF organised an online workshop on 
competency management by regulators (COMAREG). The 
summary report from COMAREG will be published in 2022.

In 2021, the RF actively established and continued 
dialogues with other NEA groups to establish possible forms 
of co-operation. These comprised the Building Constructive 
Dialogues Between Regulators and Implementers in 
Developing Disposal Solutions for Radioactive Waste (RIDD) 
initiative, the CDLM Expert Group on Holistic Process for 
Decision Making on Decommissioning and Management of 
Complex Sites (HDCS), the RWMC WP-IDKM Expert Group 
on Knowledge Management (EGKM), the RWMC Ad hoc 
Group on Extended Storage and Transportation (AhGEST), 
the RWMC Expert Group on the application of Robotic/
Remote Systems in the nuclear back-end (EGRRS), the 
CNRA and the CRPPH.

In 2022, the RF will publish a flyer reflecting its success 
as well as an update of its vision of the role of regulators 

in the development of national back-end programmes. The 
flyer will also present the new supporting role of the RF to 
the RWMC and CDLM.

Nuclear back-end activities
On 22 September 2021, the NEA co-organised with 
Japan’s METI an online international workshop on the joint 
utilisation of underground research laboratories (URLs) for 
research and development projects. This event focused on 
the development of URLs in various countries to support 
their national DGR projects and discussed challenges and 
needs in international co-operation. An in-person workshop 
is planned to be held in Horonobe, Japan, in the autumn of 
2022. A final report summarising the key outcomes of the 
two workshops will be published. The overall objective is 
to strengthen international co-operation and to advance the 
development of final disposal solutions for radioactive waste 
and spent fuel through joint R&D in URLs.

Management and disposal of  
high-level radioactive waste
Reactor and fuel cycle technologies must be developed 
together as a system, with waste optimisation and 
minimisation among the main objectives. Spent fuel 
reprocessing and recycling of uranium and plutonium can also 
be seen as good examples of a sustainable circular economy. 
In this regard, the NEA in 2021 started preparing for the 
joint NEA-NRCan workshop on the nuclear back-end of small 
modular reactors (SMRs) and other prospective projects 
in nuclear energy. The workshop is planned to be held  
in 2022.

The safety case for geological 
disposal
The NEA Integration Group for the Safety Case (IGSC) 
was established in 2000 and has taken a leading role in 
identifying, documenting and evaluating emerging issues 
and trends, and in establishing consensus on good practice 
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in the development of the safety case over the course of 
its 20-year history. The work of the IGSC has in turn been 
particularly informed by developments in countries such as 
Finland, France, Sweden, Switzerland and the United States, 
which have moved from conceptual safety case studies to 
various stages of site-specific safety cases for geological 
repositories, with a new repository in Finland now under 
construction. In 2021, the IGSC published:

 • the Proceedings of the Joint IGSC and EC Sustainable 
Network for Independent Technical EXpertise of 
Radioactive Waste Disposal (SITEX) seminar on 
Regulatory Review of Safety Cases for Geological 
Disposal of Radioactive Waste held in February 2017;

 • English and German versions of the flyer summarising the 
key messages delivered from the 2nd IGSC/FSC Workshop 
“Managing uncertainty in siting and implementation”, 
held in Switzerland in October 2019; 

 • the Summary of the IGSC-21 Topical Session 
“Considerations for updating a safety case” held in 2019;

 • the Proceedings of the Joint NEA/IAEA Workshop on the 
Operational Safety of Geological Disposal, held in Paris 
in 2016.

The IGSC assisted the RWMC in preparatory work 
undertaken in 2021 ahead of the Safety Case Workshop on 
Developing Safety Cases for Storage and Disposal Facilities 
for Various Radioactive Waste Disposal Facilities, due to 
be held in Bucharest, Romania on 2830  June  2021 but 
postponed to 8-10 February 2022. To keep the momentum of 
the expressed interest of RWMC members on the workshop 

objectives, an Expert Roundtable was organised online on 
24 June 2021, gathering more than 430 online participants. 
The invited speakers discussed the importance of better 
understanding how to build robust safety cases (to enhance 
confidence) for various disposal options and their similarities 
and differences.

The IGSC members unanimously approved the proposal 
made by the NEA to take over the maintenance and security 
oversight of the International Features, Events and Processes 
(IFEP) Database Platform.

The Crystalline Club
The Crystalline Club continues to conduct an R&D status 
review on the characterisation and safety assessment of 
crystalline rocks for the disposal of radioactive waste. The 
group held its first Crystalline Club workshop on Research 
Methods and Modern Measuring Equipment Used for Site 
and Rock Characterisation, over three online sessions in 
March 2021. This expert group issued its annual summary 
paper in November 2021.

The Clay Club
The Clay Club had planned to hold its 31st meeting 
following the 8th Clay Conference in June 2021 in Nancy, 
France, taking the opportunity to celebrate and promote its 
30th anniversary. The 31st meeting of the Clay Club was 
postponed to November 2021 and the Conference to June 
2022, and the 31st meeting of the Clay Club to November 
2021. The Working Group discussed its mandate and 
programme of work for 2022, project updates, and confirmed 
the designation of a consultant to work on its main future 
activity, “Anomalous pore water pressures in clay”. The 
group reviewed the status of the CLAYWAT Project, which 
was started in 2016 to examine the binding state and mobility 
of water in argillaceous rocks. The draft project report is to be 
provided to the Club in the course of 2022. This group also 
endorsed the modalities to publish an updated version of the 
Clay Club Catalogue of Characteristics of Argillaceous Rocks, 
which builds upon the 2005 Catalogue and annexes data of 
11 argillaceous formations in six NEA member countries. The 
report was completed in December 2021.

Forsmark Horizontal silo, Sweden’s 
final repository for radioactive 

operational waste, located at the 
Forsmark nuclear power plant in 

Sweden.

Fred Dawson LRPS via  
Flickr (CC BY-NC-ND)
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Geological salt beds deep underground 
in New Mexico. 

Nuclear Regulatory Commission (NRC), 
United States

The Salt Club

The Salt Club held its 11th annual meeting virtually in 
May 2021 to review its mandate and programme of work for 
2021-2022, the updates of its activities, and future needs. 
This expert group developed the FEP Database and Salt 
Knowledge Archive, which is available for registration and 
internal use. Furthermore, the group continued its scientific 
work on the assessment of actinide geochemistry and on the 
thermodynamic database to optimise the safety of nuclear 
waste repositories. The group decided to integrate as new 
research activity the lessons learnt from failure events/
processes of conventional salt mines.

Operational safety

The Expert Group on Operational Safety (EGOS) held the 
8th annual meeting virtually in April 2021, where the mem-
bers agreed with the proposed mandate and programme of 
work for 2022-2023 and held the topical session “National 
Approach in Safety Assessment of Operational Phase”. This 
expert group has developed internal reports on fire risk man-
agement and on-site transportation of radioactive waste, and 
has made progress on an operational hazard database.

Fukushima Daiichi waste 
management and decommissioning

From its establishment in 2018 to the expiration of its mandate 
in 2020, the Expert Group on Characterisation Methodology 
of Unconventional and Legacy Waste (EGCUL) discussed 
strategic approaches to characterising large amounts of low-
level radioactive waste with unknown properties. The NEA 
issued the report of the expert group in November 2021. The 
EGCUL is currently planning a workshop in 2022 to discuss 
the outcome of the report, as well as to examine a collection 
of case studies from France, Japan, Russia, Ukraine and the 
United Kingdom. The members of the RWMC and CDLM 
bureau contributed to the NEA report Fukushima Daiichi 
Nuclear Power Plant Accident, Ten Years On:  Progress, 
Lessons and Challenges. The report identified a number of 
key areas regarding future activities in waste management 
and decommissioning. 

Fostering dialogue between 
regulators and implementers
Building constructive dialogue between regulators and 
implementers in the development of disposal solutions 
for radioactive waste has been a concern of the RWMC 
since 2016. As the mandate of the Expert Group on 
Building Constructive Dialogues Between Regulators 
and Implementers in Developing Disposal Solutions for 
Radioactive Waste (RIDD) expired at the end of 2020, 
the group has seen its mandate extended for 2021-2022, 
following the approval of the RWMC in  March 2021. Since 
then, the Expert Group has conducted a survey to further 
complete the preliminary results gained from the initial 2018 
Survey of RWMC members. A questionnaire was submitted 
to the RWMC members with the aim of obtaining a unified 
national answer to enlighten the Expert Group on the national 
dialogue between the regulator and the implementer. From 
the collected answers, the RIDD report will be drafted and 
further presented to the RWMC Bureau in January 2022, 
with the aim of finalising it before the 55th meeting of the 
RWMC in March 2022. The RIDD will continue its work 
in order to deliver a report providing an overview of the 
practices established in NEA member countries as well as 
sharing the lessons learnt in this area.

Contact:
Rebecca Tadesse
Head, Division of Radioactive Waste 
Management and Decommissioning 
+33 (0)1 73 21 28 40 
rebecca.tadesse@oecd-nea.org

mailto:rebecca.tadesse@oecd-nea.org


66 | NEA Annual Report 2021

The Thermochemical Database Project

The Thermochemical Database (TDB) 
Project was initiated in 1984 after the 
NEA Radioactive Waste Management 
Committee recognised the need for 
a high-quality database to model the 
safety assessments of radioactive 
waste repositories.

The 6th phase of the TDB Project 
began in February 2019 for an initial 
duration of four years (2019-2023). 
A total of 15 organisations from 12 
countries are contributing financially 
to the activities associated with 
TDB Project-Phase 6. The project 
has thus far produced 14 volumes 
of internationally recognised and 
quality-assured thermodynamic data. 
The Second Update on the Chemical 
Thermodynamics of U, Np, Pu, Am and 
Tc is the most recent publication of the 
TDB, appearing online in October 2020. 
This Volume 14 of the NEA Chemical 

Thermodynamics series is an update of 
critical reviews published previously on 
these elements.

Work is currently in progress to 
complete two reviews, and two 
state-of-the-art reports, expected for 
publication in 2022/2023:

 • chemical thermodynamics of 
molybdenum;

 • chemical thermodynamics of 
selected ancillary compounds;

 • a repor t on thermodynamic 
considerations for cement minerals;

 • a report on assessing the modelling 
and experimental approaches of 
high ionic-strength solutions.

Work for a new critical review on the 
chemical thermodynamics of selected 
lanthanide compounds started in 2021. 
The programme of work of TDB-6 also 

includes the preparation of one more 
review and one state-of-the-art report:

 • up d ate  o f  the  Chemic a l 
Thermodynamics of Compounds 
and Complexes of U, Np, Pu, Am, 
Tc, Se, Ni and Zr with Selected 
Organic Ligands;

 • a report on high-temperature data.

The fifth edition of the TDB training 
course on Thermodynamic Data 
Collection and Assessment organised 
by the NEA took place online in 
November 2021, taking the form of a 
two-session, three-hour per session 
webinar due to COVID-imposed 
circumstances, and received over 100 
registration requests. The audience 
included a variety of participants 
from graduate students to university 
professors and representatives from 
regulatory bodies.

NEA ACTIVITIES BY SECTOR

Joint Project
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Decommissioning 
of Nuclear 
Installations and 
Legacy Management
The goal of the NEA in this sector is to foster 
international co-operation to develop the scientific, 
technological and legal bases required for the 
safe and economical decommissioning of nuclear 
facilities and the management of legacy sites. 

Highlights 

 The Working Party on Management and 
Organisational Aspects of Decommissioning and 
Legacy Management (WPMO) was established 
on 15 March 2021 and held its kick-off meeting 
on 20-21 May 2021 to discuss its programme of 
work for the next three years. A keynote on the 
proposed programme of work was held by the 
Chair on 1 October 2021.

 The Working Party on Technical, Environmental 
and Safety Aspects of Decommissioning (WPTES) 
was established on 15 March 2021 and held its 
kick-off meeting on 12-13 July 2021 to discuss its 
mandate and programme of work for the next three 
years. A keynote on the proposed programme of 
work was held by the Chair on 4 October 2021, 
while WPTES adopted its programme of work in 
December 2021 by written procedure.

 The Exper t Group on Costing for 
Decommissioning of Nuclear Installations and 
Legacy Management (EGCDL) held a keynote 
presentation on 8 April 2021 on its Key Guidance 
Documents in Decommissioning Cost Estimation: 
The International Structure for Decommissioning 
Costing (ISDC) and Addressing Uncertainties in 
Cost Estimates for Decommissioning Nuclear 
Facilities. In addition, the EGCDL held its plenary 
meeting on 13-14 April 2021 and held a keynote 
presentation on the NEA report Cost Benchmarking 
for Nuclear Power Plant Decommissioning on 
29 September 2021.

 The Expert Group on a Holistic Process for 
Decision Making on Decommissioning and 
Management of Complex Sites (HDCS) held a 
keynote on 9 September 2021 on their proposed 
programme of work as well as first drafts towards 
their proposed process. A comprehensive 
understanding of the meaning of complex and 
legacy sites was discussed with HDCS members. 
On this basis, the HDCS held its first plenary 
meeting on 9 December 2021. Experience feedback 
from member countries has been collected during 
a dedicated topical session.

 The flyer of the workshop jointly organised by 
the Committee on Decommissioning of Nuclear 
Installations and Legacy Management (CDLM) 
and the Forum on Stakeholder Confidence 
(FSC), Stakeholder Confidence Workshop on the 
Decommissioning of Nuclear Facilities in the 
United Kingdom, was published in May 2021.

 On 16  September  2020, a co-operative 
workshop was jointly organised by the CDLM and 
the Forum on Stakeholder Confidence (FSC) on 
Stakeholder Confidence on the Decommissioning 
of Nuclear Facilities in the United Kingdom.

New CDLM developments
The Regulators Forum (RF) has created a dedicated ad 
hoc group on Decommissioning and Legacy Management, 
that identified and prioritised 11 topics in the area of 
decommissioning and legacy management that would 
benefit from further work. An internal NEA document has 
been drafted, which will be provided to the RF on its plenary 
meeting in March 2022. As such, a decision on the priorities 
is expected by the RF and the topics and potential activities 
will be considered in the future RF programme of work.

A close collaboration has been established with the 
Forum on Stakeholder Confidence (FSC) with the 2020 virtual 
workshop and the published flyer in 2021. Following this, 
a dedicated task group called Stakeholder Involvement in 
Decommissioning and Legacy Management (SIDLM) was 
established under the FSC. The SIDLM organised a first 
workshop in September 2021, which was attended by eight 
member countries. The group identified potential areas of 
work to be further addressed, including building trust, 
communication and sustainability.

To support the CDLM and focus discipline-oriented work, 
two new working parties were created on 15 March 2021: The 
Working Party on Management and Organisational Aspects 
of Decommissioning and Legacy Management (WPMO) and 
the Working Party on Technical, Environmental and Safety 
Aspects of Decommissioning and Legacy Management 
(WPTES). To allow both parties to quickly start work, kick-off 
meetings were held in May 2021, giving member countries 
some time to nominate members to the groups. After the 
designation of the Chair and Bureau in June 2021, kick-
off Bureau meetings were held in July 2021. Each Bureau 
developed a draft programme of work, which was introduced 
and discussed with members in an individual keynote in early 
October 2021. Based on the proposal, each working party is 
anticipating work in the following focus areas:

 • The WPMO will focus on:
– Programme management;

– Supply chain & commercial;
– Stakeholder engagement.

 • The WPTES will focus on:
– Risk management to support decision making;

NEA ACTIVITIES BY SECTOR
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–  Sampling, characterisation and 
data evaluation;

– Material management;
–  Innovative decontamination and 

decommissioning technologies.

The Expert Group on Costing 
for Decommissioning of Nuclear 
Installations and Legacy Management 
(EGCDL), established in June 2020, 
adopted its programme of work in 
2021, focusing on three global tasks:

 • Integrating the International 
Structure for Decommissioning 
Costing (ISDC) and Addressing 
Uncertainties Guidance;

 • Applying the ISDC and uncertainties guidance towards 
legacy/complex sites;

 • Technical guidance on benchmarking.

The Expert Group on a Holistic Process for Decision 
Making on Decommissioning and Management of Complex 
Sites (HDCS) was established in June 2020. It adopted its 
programme of work in 2021 and is concluding the description 
of the scope of complex and legacy sites to provide a basis 
for the recognition of these sites. Based on this, a holistic 
decision -making process is being developed to provide 
guidance on resolving uncertainties and supporting the 
resolution of legacies as well as complex situations.

Strengthening decommissioning 
activities throughout CDLM-related 
bodies
Apart from collaborating closely with the Radioactive Waste 
Management Committee (RWMC) in joint plenaries and 
activities, the CDLM has strongly supported the RWMC 
Joint Workshop on “Multifactor Optimisation of Predisposal 
Management of Radioactive Waste”, whose proceedings 
were reviewed and published in June 2021. The workshop 
reinforced the notion that waste management begins before 
waste production and that decommissioning is an important 
link in further optimising the sustainability of nuclear energy. 

In the area of the Working Party on Information, Data and 
Knowledge Management (WP-IDKM), under the structure 
of the RWMC, efforts were made to broaden the focus and 
include knowledge management and digitalisation within 
decommissioning and legacy management, as well as to 
provide a holistic approach to the back-end in NEA activities. 
Exchanges and dedicated contributions were provided to the 
Expert Group on Knowledge Management for Radioactive 
Waste Management Programmes and Decommissioning 
(EGKM), which now includes members with a decommis-
sioning and legacy management background.

The Expert Group on the Application of Robotics and 
Remote Systems in the Nuclear Back-end (EGRRS) of 
the RWMC has concluded a report addressing Status, 
Barriers and Benefits of Robotic and Remote Systems 
Applications in Nuclear Decommissioning and Radioactive 
Waste Management. The work addresses applications in 

both radioactive waste management and decommissioning 
and legacy management areas. The CDLM is supporting 
the group in the development and reviewed the report in 
December 2021, which is anticipated for early 2022. 

The NEA Secretariat is participating in a joint initiative 
of the International Atomic Energy Agency (IAEA), the 
European Commission (EC) and the NEA aiming to build 
a standard, international decommissioning taxonomy and 
associated ontology. Both taxonomies and ontologies are 
tools for enabling common understanding of a specific 
system or domain. Specifically, a taxonomy offers a 
hierarchical classification of entities or concepts within 
a given domain while ontology goes beyond hierarchical 
classification and represents additional relationships 
between entities or concepts that support comprehensive 
knowledge management systems. The joint initiative aims 
to produce an open-source, machine-readable taxonomy and 
ontology that provides organisations with an off-the-shelf 
approach to decommissioning knowledge organisation, 
while allowing users to customise and further develop the 
tool based on their needs. The structure therefore supports 
the harmonisation and the sharing and connecting of similar 
information throughout the decommissioning domain. 

Decommissioning considerations play an important role 
in the development of advanced reactors to improve design, 
to insure a robust decommissioning funding mechanism, 
and to avoid creating a waste stream that does not have a 
disposal path. As such, the CDLM is strongly engaged in 
the preparation of a workshop on this topic, planned for the 
second half of 2022.

To progress on the developments in the area of complex 
sites management, a joint NEA and Rosatom workshop is 
being planned on the 12-14 July 2022 in Murmansk, Russian 
Federation. The workshop aims to study, demonstrate and 
discuss achievements and lessons learnt on ongoing complex 
sites. Close cooperation in the development and outcomes  
of the workshop is being provided by CDLM and HDCS. 

Contact:
Rebecca Tadesse
Head, Division of Radioactive Waste 
Management and Decommissioning 
+33 (0)1 73 21 28 40 
rebecca.tadesse@oecd-nea.org

NEA Forum on Stakeholder Confidence (FSC) 
meeting, 12-14 October.

mailto:rebecca.tadesse@oecd-nea.org
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The Co-operative Programme for the Exchange of Scientific and Technical 
Information Concerning Nuclear Installation Decommissioning Projects

The NEA Co-operative Programme 
for the Exchange of Scientific and 
Technical Information Concerning 
Nuclear Installation Decommissioning 
Projects (CPD) is a joint undertaking 
of a limited number of organisations 
actively executing or planning the 
decommissioning of nuclear facilities. 
The objective of the CPD Programme, 
launched in 1985, is to exchange and 
share information from operational 
experience in decommissioning nuclear 
installations that is useful for current 
and future projects. Initially consisting 
of 10 decommissioning projects in 
8 countries, the programme has since 
grown to 75 projects (45 reactors and 
30 fuel cycle facilities) in 15 NEA mem-
ber countries, 2 non-NEA  members 
and the European Commission (EC). 
The current agreement came into force 
on 1 January 2019 and will expire on 
31 December 2023.

Information exchange also ensures 
that the best international practices are 
widely available and encourages the 
application of safe, environmentally 
sound and cost-effective methods in 
all decommissioning projects.

Based on the CPD agreement, the 
Technical Advisory Group (TAG) will 
hold biannual meetings, which will 
each include a visit to the site of one of 
the participating projects and an open 
exchange of views on decommissioning 
experiences. Due to the international 
COVID-19 pandemic, and considering 
the availability of TAG members, 
the 69th TAG meeting (TAG-69) was 
organised and held virtually online on 
11-12 May 2021. TAG-69 was attended 
by 39 participants with status reports 
presented for 13 decommissioning 
projects from 8 NEA member countries 
and one non-member economy. The 
subject of the topical session was 
“Feedback mechanisms for lessons 
learnt on decommissioning” and three 
presentations from Slovakia, Spain and 
the NEA were provided. 

The 70th TAG meeting (TAG-70) was 
held in Bratislava, Slovak Republic, on 
18-22 October 2021. The meeting was 
attended by domain experts from 28 
organisations of 15 NEA member coun-
tries, two non-member economies and 
the European Commission (EC). At the 
meeting, 11 member organisations 
presented the current status of their 
decommissioning projects. The pre-
senters discussed their experiences 
and the lessons learnt in nuclear power 
plant decommissioning management. 
There was also a practical site visit, 
including to the V1 Nuclear Power Plant, 
Radioactive Waste Treatment Center, 
Interim Storage of Radioactive Waste 
and Nuclear Radwaste Repository at 
Mochovce, Slovak Republic. This type 
of exchange of information, lessons 
learnt and experiences is an invaluable 
part of the biannual TAG meetings.

To make use of decommissioning 
knowledge and experience accumu-
lated within the CPD, the discussion 

around the establishment of a TAG 
database was introduced at CPD-32 
(2013) and a database called the TAG 
Knowledge Base was created on the 
NEA server by CPD-36 (2017) to allow 
CPD members to easily access the 
CPD reactor project and fuel facility 
information. The database is continu-
ously updated with data from members 
shared during TAG meetings.

On 17-18  November  2021, the 
40th CPD Management Board meeting 
was held virtually. Meeting participants 
recommended to move forward with 
the publication of the CPD 10-year 
report, detailing the general evolution 
of the decommissioning sector, as 
well as the high-level developments 
of the CPD from 2011 to 2020. The 
Management Board also decided to 
organise a CPD decommissioning 
technique demonstration workshop 
for CPD members in 2022 and to start 
preparing the new CPD Agreement for 
the 2024 -2028 period.

Reactor hall of Mochovce nuclear power plant, units 1 and 2, Slovakia.

Wikimedia Commons, IAEA Imagebank
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Nuclear Science  
and Education
The goal of the NEA in this sector is to help member countries 
identify, collate, develop and disseminate the basic scientific 
and technical knowledge required to ensure the safe, reliable 
and economic operation of current and next generation 
nuclear systems. The staff works closely with the Nuclear 
Science Committee (NSC) and its expert groups in this area.

Highlights 

 As part of efforts to better align the nuclear 
science programme of work with top-level Agency 
priorities, and reflecting the needs of NEA mem-
ber countries, the formation of a Nuclear Science 
Committee (NSC) Programme Review Group (PRG) 
was endorsed at the NSC’s June 2021 meeting.

 In collaboration with the NEA Nuclear 
Development Committee (NDC), in January 2021 
the NSC launched its Task Force on Demonstration 
of Fuel Cycle Closure including Partitioning and 
Transmutation (P&T) for Industrial Readiness by 
2050 (TF-FCPT).

 The Thermodynamic Characterisation of Fuel 
Debris and Fission Products Based on Scenario 
Analysis of Severe Accident Progression at 
Fukushima Daiichi Nuclear Power Station (TCOFF) 
joint project has completed its programme of 
work and prepared the launch of Phase 2 in 2022.

 Under the guidance of the NSC and the 
Committee on the Safety of Nuclear Installations 
(CSNI), the NEA Framework for Irradiation 
Experiments (FIDES) was launched in March 
2021. Its Governing Board and Technical Advisory 
Group were formed. Four Joint Experimental 
Programmes will be conducted over the course of 
2021-2024. 

 The QUENCH-ATF joint undertaking was 
launched in October 2021 and held its first 
Management Board meeting in December 2021. 
It aims to investigate the behaviour of Accident 
-Tolerant Fuel (ATF) claddings through a series 
of bundle tests at the QUENCH facility at the 
Karlsruhe Institute of Technology (KIT), Germany.

 The Global Forum on Nuclear Education, 
Science, Technology and Policy was endorsed 
by the OECD External Relations Committee in 
January 2021. Under its auspices, the second 
Global Nuclear Science and Engineering 
Commencement was held in June 2021, bringing 
together renowned speakers debating the role 
of early -career nuclear graduates in addressing 
climate change.

Reactor physics
NEA work related to reactor physics has been mainly devoted 
to the verification and validation of codes to predict existing 
and advanced reactor systems. Expert group activities cover 
the fields of reactor fuel performance, radiation transport 
and shielding for reactors, accelerators and fusion facilities, 
physics of reactor systems, multi-physics, core thermal-
hydraulics and mechanics plus uncertainty analysis.

For the first time, the Working Party on Scientific Issues 
and Uncertainty Analysis of Reactor Systems (WPRS) and its 
expert groups met in an entirely remote setting during the 
week of 15 February 2021. This was the inaugural meeting 
under a new structure of the working party and its expert 
groups, which merged all multi-physics activities across 
the WPRS into a single Expert Group on Reactor Systems 
Multi-physics (EGMUP), and amalgamated activities related 
to neutronics and radiation transport plus shielding under the 
Expert Group on Physics of Reactor Systems (EGPRS). Over 
90 delegates and invited experts attended these meetings. 
At the request of the Nuclear Science Committee, the WPRS 
is launching a task force aimed at providing policy makers a 
description of the key needs and justifications for new Zero 
Power Reactors (ZPRs).

Much of the work overseen by the WPRS and its expert 
groups is organised into benchmarks, where participants per-
form either code to code verification, or code to experiment 
exercises. These benchmarks attract a wide variety of partic-
ipants, ranging from reactor designers to graduate students 
testing the latest developments in modelling and simulation. 
To support these benchmarks and to facilitate cross partici-
pation, a virtual workshop was arranged, which occurred as 
a series of seven virtual meetings hosted by North Carolina 
State University (NCSU). Benchmarks discussed at the work-
shop included the Light Water Reactor Uncertainty Analysis 
in Modelling (UAM-LWR) benchmark, the Deterministic 
Time-Dependent Neutron Transport Benchmark (C5G7-TD), 
the Uncertainty Analysis in Modelling Sodium Fast Reactor/
Liquid Metal Fast Reactor Thermal-Hydraulic benchmark, the 

NEA ACTIVITIES BY SECTOR
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Multi-physics Pellet-Clad Mechanical Interaction Validation 
Benchmark (MPCMIV), the McMaster Core Thermal-
hydraulics (CTH), the TVA Watts Bar Benchmark, and the 
VVER-1000 benchmark (ROSTOV-2). These benchmarks are 
helping to address the accuracy of modelling and simulation, 
as well as uncertainty propagation from basic data, measure-
ment and engineering uncertainties, both across different 
scales (multi-scale) and physics phenomena (multi-physics). 
Over 150 participants from the international reactor model-
ling community participated in the WPRS workshop. 

Four reports were published on different benchmark activ-
ities. Two reports related to the NUPEC BWR Full-size Fine-
mesh Bundle Test (BFBT) benchmark, covering comparisons 
of void distribution and critical channel power, respectively. 
The specifications related to a neutronics benchmark on a 
fluoride high -temperature reactor (FHR) were published, 
and the results comparisons is ongoing. Finally, the UAM-
LWR phase I results comparison, which served as a standard 
exercise for developing sensitivity and uncertainty analysis 
methodology for over a decade, was issued.

The Expert Group in Reactor Fuel Performance (EGRFP) 
is strengthening its efforts in the area of uncertainty analysis 
by working with the uncertainty analysis in the light-water 
modelling group to perform a comprehensive uncertainty 
assessment of Pellet Cladding Mechanical Interaction 
(PCMI). The group has continued its strong commitment to 
data preservation within the joint NEA/IAEA International 
Fuel Performance Experiments (IFPE) database by 
agreeing to incorporate data from the Fuel Modelling in 
Accident Conditions (FUMAC) benchmark conducted at the 
International Atomic Energy Agency (IAEA).

In December, the Technical Review Group (TRG) of the 
International Reactor Physics Benchmark Experiments 
(IRPhE) project met and accepted a new contribution based 
on the NEA visit to Nuclear and Energy Research Institute 
(IPEN) reactor, as well as an update to the benchmark on the 
Zero Power Physics Reactor (ZPPR). 

Fuel cycle physics and chemistry
Activities in fuel cycle physics and chemistry cover all aspects 
of the nuclear fuel cycle, from the front to the back end, and 
deal with issues arising from various existing and advanced 

systems. These include fuel cycle scenarios to assess the 
potential of different options, innovative fuels for advanced 
fuel cycles and Generation IV systems, separation processes 
relevant to recycling technologies for spent nuclear fuel, 
waste treatment, and liquid metal coolant technologies.

As part of the NEA’s prioritisation efforts, the Working 
Party on the Scientific Issues of Advanced Fuel Cycles (WPFC) 
was restructured, with a revised scope that puts additional 
emphasis on the back end of the nuclear fuel cycles and on the 
advanced fuel cycles of innovative systems. The working party 
is now organised with four expert groups: The Expert Group 
on Advanced Fuel Cycle Scenarios (EGAFCS), the Expert 
Group on Fuel Recycling and Waste Technology (EGFRW), 
the Expert Group on Innovative Fuel Elements (EGIFE), and 
the Expert Group on Reactor Coolant/Component Technology 
(EGCoCoT). As such, the WPFC covers all types of Generation 
IV reactors and innovative concepts including – but not limited 
to – innovative fuel cycles, including closed fuel cycles with 
hydro-/pyro- reprocessing, plutonium burning/multi-recycling, 
and minor actinide transmutation.

Due to the COVID-19 pandemic, the WPFC and its 
expert groups met remotely in 2021 and the periodicity of 
the meetings increased accordingly. Notable progress was 
achieved in the following areas: the recommendations on 
fuel properties for oxide and metal fuels for fast reactors 
developed by the EGIFE; the scenario study on transuranic 
elements (TRU) management carried out by the EGAFCS; the 
international review on recycling and reuse of components 
from spent fuels led by the EGFRW; and the Technology 
Readiness Level (TRL) assessment – including R&D needs 
to achieve the qualification of each component – for heavy 
liquid metal (HLM) and sodium -cooled systems conducted 
by the EGCoCoT. New activities were also launched including 
an online catalogue of tools for fuel cycle modelling and 
simulation by the EGAFCS, and a benchmark on simulation 
codes for solvent extraction by the EGFRW. The latter group is 
also shaping a new activity in the field of Molten Salt Reactor 
(MSR) chemistry. 

The NEA Task Force on Demonstration of Fuel Cycle 
Closure including Partitioning and Transmutation (P&T) for 
Industrial Readiness by 2050 (TF-FCPT) was launched under 
the auspices of the NSC and in collaboration with the NEA 
Nuclear Development Committee (NDC). The kick-off meeting 
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was held in January 2021, bringing together experts from NEA 
member countries and the European Union. Several remote 
meetings were organised over the year to ensure progress 
of work. The main objective of the Task Force is to produce 
a High-level Report tackling technological, economical and 
societal aspects of advanced fuel cycles and P&T options. 
The report will highlight the need and urgency to conduct 
R&D in this field, identify R&D and infrastructure needs and 
gaps, and provide policymakers with information for future 
decisions as regards technologies that would enable the 
industrialisation of fuel cycle closure from 2050 on. It will 
also guide the development of joint projects for experimental 
programmes towards demonstrating the industrial feasibility 
of P&T technologies.

In addition, the WPFC collaborated with Rosatom to 
organise the 16th Information Exchange Meeting on Actinide 
and Fission Product Partitioning and Transmutation (16IEMPT). 
The event would bring together experts from around the 
world to discuss state-of-the-art developments related to 
advanced nuclear fuel cycles, including scenario studies, 
transmutation systems, modelling and data, advanced fuels 
for transmutation and multi-recycling, waste management, 
and recycling technologies.

Nuclear criticality safety

The NSC Working Party on Nuclear Criticality Safety 
(WPNCS) co-ordinates several technical activities such 
as analysis of past criticality accidents, modelling of used 
nuclear fuel depletion and propagation of nuclear data 
uncertainties, Monte Carlo modelling of random geometries 
of heterogeneous media, uncertainty analysis for criticality 
safety assessments, experimental needs for criticality safety 
purposes, and preservation of expert knowledge. In addition, 
the working party encompasses the International Database 
of Spent Fuel Isotopic Composition Data (SFCOMPO) project 
and the International Criticality Safety Benchmark Evaluation 
Project (ICSBEP) and their relational databases. In 2021, two 
reports were submitted for publication: one on statistical 
tests for fission source convergence, and another on the 
specifications of the comparison exercise for nuclear data 
uncertainty propagation on used fuels inventories.  

The NEA WPNCS week, which included the meeting of 
the WPNCS and its expert groups and subgroups, was held 
in July 2021 and gathered approximately 95 experts from 
18 member countries. The 25th WPNCS meeting reviewed 
the progress status of the work on experimental needs and 
expert knowledge preservation, as well as both technical 
review groups (SFCOMPO and ICSBEP), and acknowledged 
the finalisation of work on a blind comparison exercise on 
MOX damp powders and the termination of the group on 
past accidents analysis.

With the closure or sunset of four activities and groups, 
new activity proposals were discussed. These cover (i) 
nuclear data uncertainties quantification on spent fuel 
inventory, (ii) comparison of methods to assess bias from 
correlated data, and (iii) transport in random geometries. 
These three proposals were accepted and groups related to 
these topics started work in September 2021.  

In addition, preliminary discussions were held on a 
tentative proposal on decay heat of spent nuclear fuel 
activity. The WPNCS provided guidance to refine the 
proposal in co-operation with other relevant bodies (including 
the WPRS, the Working Party on International Nuclear Data 
Evaluation Co-operation [WPEC], and the Radioactive Waste 
Management Committee [RWMC]) to be formally submitted 
during the following WPNCS meeting in January 2022.

The annual ICSBEP Technical Review Group (TRG) 
meeting was organised remotely in October and December 
2021, in conjunction with the TRG IRPhE meetings. During 
the October week, five new evaluations underwent technical 
review and two will be incorporated into the next version 
of the ICSBEP Handbook upon resolution of comments. 
A further set of five new evaluations were on the agenda 
for the December 2021 meeting. The 2021 edition of the 
ICSBEP Handbook shall be released in early 2022. New to 
the handbook are experiments from the Kilopower Reactor 
Using Stirling Technology (KRUSTY) and Thermal/Epithermal 
eXperiments (TEX) programs performed at the National 
Critical Experiments Research Center (NCERC) in the United 
States; Highly Enriched Uranium experiments with Lucite 
at the NCERC; pitch variation experiments at the Sandia 
National Laboratory in the United States; and structural 
material experiments at the Valduc facility in France. Updates 
were made to the accompanying ICSBEP Database (DICE).

Massive containers hold 
spent nuclear fuel at safe 

and secure dry storage 
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The 1st SFCOMPO Technical Review Group (TRG) 
meeting was organised remotely in conjunction with the 
WPNCS week. The group discussed good practices in 
terms of preparation and peer review of the evaluations. 
Furthermore, there was a consensus to expand the data 
coverage in SFCOMPO to include decay heat data and to 
work to secure additional inventory data from international 
programs. Participants shared updates on domestic efforts 
regarding depletion calculation and validation as well as 
decay heat measurements.

Materials science
Following the prioritisation exercise conducted in 2020-
2021 and subsequent restructuring of the NSC material 
science-related activities, the mandate of the Working Party 
on Materials Science Issues in Nuclear Fuels and Structural 
Materials (WPFM) was approved during the summer of 
2021. Created on the basis of the Working Party on Multi-
scale Modelling of Fuels and Structural Materials for Nuclear 
Systems (WPMM), the WPFM is an international forum for 
information exchange and discussion focusing on nuclear 
materials. Its objective is to provide guidance and expertise 
in the area of fuel materials and structural materials with an 
emphasis on multi-scale modelling, nuclear materials testing 
and characterisation, and data assessment and preservation 
for the purpose of model development and validation.

The WPFM will liaise, as appropriate, with NEA working 
parties and expert groups that may benefit from material 
science expertise. It will also interact with NEA joint projects 
in the material science area, including the Thermodynamics 
of Advanced Fuels - International Database (TAF-ID) and the 
Thermodynamic Characterisation of Fuel Debris and Fission 
Products Based on Scenario Analysis of Severe Accident 
Progression at Fukushima Daiichi Nuclear Power Station 
(TCOFF). The WPFM will support analysis of data generated 
within joint projects in the area of material science as relevant 
and in compliance with their data dissemination policies. 

The kick-off meeting of the WPFM was held in October 
2021. Following this meeting, the WPFM was structured into 
two expert groups studying fuels and structural materials. 
Cross-cutting activities of interest for both fuels and structural 
materials communities will be undertaken through dedicated 
task forces. Such activities will cover the following areas:

 • Protocols, standards, and best practices in the field of 
nuclear materials characterisation techniques;

 • Data preservation; and

 • Artificial Intelligence (AI) approaches in the domain of 
nuclear materials science.

The activities ongoing under the former WPMM and the 
Expert Group on Innovative Structural Materials (EGISM) will 
continue under the auspices of the WPFM. In particular, the 
WPFM will co-ordinate the organisation of the sixth edition of 
the Workshops on Structural Materials for Innovative Nuclear 
Systems (SMINS-6).

Nuclear data
The NSC Working Party on International Nuclear Data 
Evaluation Co-operation (WPEC) completed the results 
of two subgroups, including studies on prompt gamma 
release from fission products and a review of correlated 
uncertainties (covariances) in general-purpose nuclear data 
libraries. Following publication by the Expert Group on the 
Recommended Definition of a General Nuclear Database 
Structure (EGGNDS) of the first specifications for the first 
international nuclear data format (GNDS version 1.9), the 
EGGNDS finalised a major update to the specifications 
(GNDS version 2.0). This new version includes several 
new data structures for more sophisticated physics and 
uncertainty data that goes beyond the previous de facto 
international standard, ENDF-6, including covariances for 
thermal scattering data  that was developed in collaboration 
with the now-completed Subgroup 44.

ICSBEP, SINBAD, IRPhEP technical review 
groups meetings, 11-14 October 2021.
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The new Subgroup 50 was launched in 2021 to focus on 
the use of the differential nuclear reaction physics database 
EXFOR, the development of which is a collaboration 
between the NEA Data Bank, the International Atomic 
Energy Agency (IAEA) and the US National Nuclear Data 
Centre. WPEC members are working to specify new 
database structures and store implicit knowledge so that 
worldwide understanding of this valuable experimental 
data can be retained for future use. The subgroup includes 
machine learning and data science experts that are ensuring 
outputs can be seamlessly integrated into advanced data 
workflows that will be increasingly used in nuclear data 
evaluation. A major recommendation is the deployment of 
application programming interfaces (APIs) for databases of 
experimental measurements (including but not limited to 
EXFOR) with bindings in common software languages. This 
work is conducted in close co-ordination with the effort of 
the recently launched Subgroup 49, which is developing fully 
reproducible nuclear data evaluation systems to collect each 
component of the data production pipeline to retain expert 
knowledge.

The WPEC programme of work includes a review of 
integral experiments required for the validation of nuclear 
data. A subgroup created in 2018 has been tasked in 
particular with prioritising experiments from the Shielding 
Integral Benchmark Archive and Database (SINBAD). The 
outputs from this group include additional experimental 
and computational information that will be integrated into 
the database through a newly established Task Force on 
SINBAD within the WPRS. This complements the parallel 
work of the closing Subgroup 45, which has studied the 
quality assurance methods for verification and validation of 
nuclear data with criticality benchmarks and collected a range 
of model suites that will be provided to the Data Bank as part 
of an enhanced set of services. 

The new NEA GitLab system has been successfully 
utilised to support multiple WPEC activities. In close 
collaboration with the Data Bank team, the Division of 
Nuclear Science and Education has worked to launch an 

enhanced GitLab server with image containerisation and local 
datacentre code execution pipelines for quality assurance 
processes. Following the success with its use in WPEC, 
other Working Parties are exploring its use in projects such 
as benchmarking exercises. 

Two virtual WPEC nuclear data weeks were held in May 
and December 2021, with over 160 and 110 participants, 
respectively.

Experimental needs
Over the past three years, the NEA has engaged with 
nuclear safety regulators, technical support organisations, 
research institutions and industry to help member countries 
mitigate the experimental gap created by the closure of 
research facilities, including the Halden reactor in Norway. 
After extensive discussions within the NEA community, 
in co-ordination with the NSC and the Committee on the 
Safety of Nuclear Installations (CSNI), the Agency launched 
the Framework for Irradiation Experiments (FIDES).

Thanks to the strong support offered by FIDES 
members and the co-operation across the Agency, the 
first FIDES Agreement came into force in March 2021 with 
27 organisations, representing safety, industry and R&D 
organisations from Belgium, the Czech Republic, Finland, 
France, Germany, Hungary, Japan, the Netherlands, Russia, 
Spain, Switzerland, the United States and the European 
Commission (EC). Some academic organisations will 
participate in FIDES as third parties.

The FIDES programme of work for the 2021-2024 period 
includes four Joint Experimental Programmes described in the 
“Joint Projects” section.

FIDES members recognise that storing experimental data 
in an organised manner is vital for effective collaboration 
within FIDES. Moreover, trust in the data is equally, if not more 
important. Experience has shown that data preservation efforts 
are most successful if considered at an early stage, when key 
expertise is available and able to supplement information and 

Expert roundtable on Sustaining Experimental 
Capacities for Safety, Industry and Science: Launch 

of the NEA Framework for Irradiation Experiments 
(FIDES), 20 April 2021.
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identify and correct deficiencies. Therefore, FIDES members 
supported the project, which seeks to elaborate the process 
and mechanisms of data quality assurance (QA), analysis, and 
preservation within the framework. 

In order to avoid duplication of efforts and to co-ordinate 
the FIDES activities with other endeavours worldwide relevant 
to nuclear fuels and materials testing, the NEA secretariat will 
establish, when relevant, co-operation between FIDES and 
other activities carried out under the auspices of the NSC and 
the CSNI or promoted by other stakeholders. This approach 
will be implemented at different levels and consistently with 
the policies on information and data sharing established 
through the FIDES agreement.  

To mark the launch of FIDES, an expert roundtable was 
held on 20 April 2021 to discuss FIDES and the experiments 
it will support. The panel addressed why research reactors 
are essential in demonstrating safe, reliable and efficient 
operation of nuclear plants as well as in advancing new 
fuels and materials technologies such as accident-tolerant 
fuels. The panellists also elaborated on how FIDES can 
help sustain the world’s experimental capacities and agreed 
that the framework will be a game changer for international 
collaboration towards advancing fuels and materials research.

Data preservation and management
The NSC, in co-operation with the NEA Data Bank, has 
over 25 years of experience in collecting, preserving and 
disseminating experimental data in different domains. The 
data are usually contained in agreed standard and computer-
accessible formats. They are widely used for international 
activities involving validation of current and new calculational 
schemes, including computer codes and nuclear data 
libraries, for assessing uncertainties, confidence bounds 
and safety margins, and to record measurement methods 
and techniques. Data preservation is ongoing in the areas 
of criticality safety, reactor physics, fuel performance, 
radiation shielding, and composition of spent nuclear fuels 
and thermal-hydraulics.

The ICSBEP and the International Reactor Physics 
Experiment Evaluation (IRPhE) Project handbooks have been 

recognised as international standards for the conversion of 
raw experimental data into high-fidelity benchmarks. Over 
the past decades, these handbooks have enabled the nuclear 
community to enhance the validation of basic nuclear data and 
simulation tools. They serve as gold standards emulated by 
other databases, such as the SFCOMPO and the International 
Database for Integral Shielding Experiments (SINBAD), 
co-sponsored by the NEA and the Radiation Safety Information 
Computational Center (RSICC).

In 2021, the IAEA provided additional data on Loss-of-
Coolant Accident (LOCA) experiments for the International 
Fuel Performance Experiments (IFPE) database collection 
by virtue of the long collaboration between the NEA and 
the IAEA on this project. Efforts to further develop the 
corresponding DATabase for IFpe (DATIF) have continued, 
with the public release of a demo version scheduled in 2022. 

The new international database of extractants and ligands 
(IDEaL) led by the Expert Group on Fuel Recycling and Waste 
Technology (EGFRW) was developed and is undergoing beta 
testing.

The 2021 edition of the ICSBEP Handbook shall be 
released in early 2022, featuring experiments from the 
Kilopower Reactor Using Stirling Technology (KRUSTY) and 
Thermal/Epithermal eXperiments (TEX) programs performed 
at the National Critical Experiments Research Center (NCERC) 
in the United States; Highly Enriched Uraniums experiments 
with Lucite at NCERC; pitch variation experiments at Sandia 
National Laboratory in the United States; and structural 
material experiments at Valduc facility in France. Updates 
were made to the accompanying ICSBEP DICE Database.

The NEA continued to develop the Nuclear Data 
Sensitivity Tool (NDaST), which is a state-of-the-art tool 
combining nuclear data uncertainties from all evaluated 
nuclear data libraries, with computed response functions 
of neutronics integral experiments collected in the NSC. 
Leveraging the comprehensive nuclear data repository 
within the Java-based Nuclear Data Information System 
(JANIS), and the response functions from the ICSBEP and 
IRPE project’s Handbooks, the tool has been optimised 
to provide feedback to any proposed changes in nuclear 
data within minutes. The success of these methods has 
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inspired national programmes to begin building similar tools 
to support their national testing efforts, such as the crater 
tool being developed at Los Alamos National Laboratory 
(LANL). The adoption of such methods enhances the value 
of the vast cache of experimental data collected through 
national campaigns. NEA efforts are underway to train 
specialists in these methods and bridge the gap between 
the nuclear data and integral experiments scientists.

Education and capacity building 

There is a growing trend in nuclear education focused on 
integrating human resources training into the technical 
curriculum of nuclear engineering and related sciences. By 
allowing nuclear engineers to develop management skills 
early on, young professionals can be prepared to enter 
leadership positions in the nuclear sector, such as managing 
a reactor site or progressing into nuclear policy. In 2019 
and 2021, the NEA launched two knowledge management 
and human capacity initiatives respectively: The Nuclear 
Education, Skills and Technology (NEST) Framework and the 
Global Forum on Nuclear Education, Science, Technology, 
and Policy. NEST aims to cultivate a multinational and 
multidisciplinary framework among stakeholders, including 
academia, research organisations and industries. The Global 
Forum aims to create an inclusive network of experts 
from the global nuclear academic community. These two 
initiatives have established strong links and exchanges 
around the growing and challenging topic of human capital 
development. To assure collaboration, the Chairs of the 
NEST Management Board and the Global Forum Council of 
Advisors sit as observers in the other respective governing 
body.

Both activities engage in gender balance-related 
activities as an important facet of education and training 
and human capital development. NEST released The NEST 
Strategy for Gender Balance in 2021 with the purpose of 
improving gender balance through targeted organisational 
actions. This includes steps to increase gender awareness, 
enhance monitoring and accountability, and improve the 
work environment through appropriate human resource 
policies. On 4 June 2021, the Council of Advisors to the 

Global Forum approved carrying forward Working Group 
Two: Achieving gender balance in the nuclear engineering 
and technology and academic workforces. Working Group 
Two is now establishing a biannual work plan while searching 
for synergies with the current NEA programme of work on 
gender balance. 

In order to enhance co-operation and develop synergies 
in the field of nuclear education, training and knowledge 
management, the NEA is also working closely with the 
European Commission Joint Research Centre (JRC), the 
European Nuclear Education Network (ENEN), and with 
the IAEA. Together with the European Human Resources 
Observatory on Nuclear (EHRO-N), the European Commission 
Joint Research Centre and the European Nuclear Education 
Network (ENEN), the NEA has launched a Human Resources 
survey to gather data on nuclear graduates, including gender 
data, in NEA member countries. 

To reflect the expanding importance of the education 
mission, both through separately funded activities and within 
the programme of work of the Nuclear Science Committee, 
the name of the Division of Nuclear Science was changed to 
the “Division of Nuclear Science and Education”. NEA efforts 
are underway to establish a nuclear education platform to 
address the needs of academia using data and expertise 
accumulated by the NEA Standing Technical Committees 
and IT resources provided by the NEA Data Bank.

Workshop.
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The TAF-ID project
The Thermodynamics of Advanced 
Fuels – International Database 
(TAF-ID) is devoted to establishing 
a comprehensive, internationally 
recognised and quality-assured 
database of phase diagrams and of the 
thermodynamic properties of advanced 
nuclear fuels to meet specialised 
requirements for the development of 
such fuels for future generations of 
nuclear reactors.

The second phase of the project 
(TAF-ID phase 2), established in 
November 2018 by 11 signatories 
from 7 countries and the European 
Commission (EC), initially established 
for a three-year duration, was extended 
until November 2022. 

TAF-ID Phase 2 aims at:

 • testing the val idity of the 
TAF-ID database by performing 
thermodynamic measurements 
on complex fuel compositions and 
comparing the experimental results 
with calculations;

 • identifying the origin of the 
discrepancies between experiments 
and calculations that emerged 
within phase 1 of TAF-ID;

 • continuing the development of the 
database by introducing models 
for missing binary and/or ternary 
systems;

 • organising training sessions for 
users of the TAF-ID database.

Two meetings of the TAF- ID 
Programme Review Group were held 
remotely in February 2021 and in 
November 2021. The TAF-ID Project 
also organised a first training course 
on how to use the TAF-ID database 
with Thermo-Calc software and the 
JRC Molten Salt Database (JRCMSDB) 
with FactSage software. The course 
had more than 60 attendees. It 
gathered graduate students, young 
researchers and more experienced 
scientists from the TAF-ID participating 
organisations interested in developing 
their competencies in computational 
thermodynamics based on CALPHAD 

modelling. The course focused 
on systems of interest for nuclear 
applications, with an emphasis on fuel 
systems and their interactions with 
surrounding materials. 

A new version of the database was 
delivered for the project’s participants 
in 2021: the TAF-ID-V11 includes the 
assessments for the Ce-La, Mg-Mo, 
Al-Mo, B-Fe-Ni, B-Mo-O, and U-Pu-O 
systems. Another version is currently 
being prepared to be delivered in the 
first half of 2022: the TAF-ID-V12 
includes assessments for Cs-O-Si, 
Cs-O-Fe, Ce-Cr-Fe, Cs-Te-O, B-Fe-Cr, 
Fe-Mo-O, Cs-Mo-O, U-I, U-I-O, and 
U-Nd-O systems.

At the last TAF-ID Programme 
Review Group meeting, the possibility 
of launching a third phase of the 
project was discussed. Its feasibility is 
currently under study.

The TCOFF project
The joint project on the Thermodynamic 
Characterisation of Fuel Debris 
and Fission Products Based on 
Scenario Analysis of Severe Accident 
Progression at Fukushima Daiichi 
Nuclear Power Station (TCOFF) is 
supported by the Japan Atomic Energy 
Agency/Collaborative Laboratories for 
Advanced Decommissioning Science 
(JAEA/CLADS) and was launched 
as part of the NEA post-Fukushima 
activities within the Nuclear Science 
Committee in 2017.

A total of 16 organisations from 
9 member countries and the EC 
participate in the TCOFF project. It is 
currently focused on the integration 
of improved knowledge of the 
thermodynamics of severe accidents 
into severe accident analysis codes.

The project achieved substantial 
progress during its third year of activity. 
Since its initiation, two calls for R&D 
proposals have been completed, 
and funding has been granted to the 
following organisations: Aix-Marseille 
University from France; Tokyo Tech 
from Japan; Delft University of 
Technology from the Netherlands; 

and Saint Petersburg State University 
(SPSU), the A.P. Aleksandrov Scientific 
Research Technological Institute 
(NITI), Khlopin Radium Institute 
(KRI), and Joint Institute for High 
Temperatures of the Russian Academy 
of Sciences (JIHT) from Russia. The 
thermodynamic database benchmark 
addressing the phase formation 
tendency in the core region of unit 1 of 
the Fukushima Daiichi nuclear power 
plant during accident progression was 
completed. This study addressed both 
the in-vessel and ex-vessel region, with 
a focus on the molten core-concrete 
interaction. A second benchmark was 
also conducted during 2020 to address 
the behaviour of fission products in the 
condensed and vapour phases.

The initial duration of the TCOFF 
project agreement was extended to 
31 July 2020. The TCOFF final report 
was completed in 2020 and its review 
achieved in the first half of 2021. A final 
TCOFF workshop was co-organised by 
the JAEA/CLADS and the NEA, and 
held remotely on 14-16 December 2021 
to disseminate the TCOFF findings to a 
broad audience of young scientists and 
severe accident experts. 

The organisations participating 
in TCOFF, together with Canadian 
Nuclear Laboratories (CNL) and the 
VTT Technical Research Centre of 
Finland Ltd, are working under the 
NEA’s co-ordination to launch a 
second phase of the project - TCOFF 
Phase 2. Its scope will be broadened 
by including studies on materials 
behaviour of accident-tolerant fuels 
in severe accident conditions and 
by looking at other reactor designs 
than the Fukushima Daiichi BWR. 
The objectives of this second phase 
will be to continue improving the 
thermodynamic databases for the 
description of severe accident 
conditions and to progress in the 
integration of the material science into 
the simulation of the severe accident 
phenomena at various scales. The first 
draft of the TCOFF Phase 2 agreement 
was distributed to the potentially 
participating countries and is being 
discussed. 

Joint Projects
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The QUENCH-ATF 
project
The QUENCH-Accident -Tolerant 
Fuel (QUENCH-ATF) project aims 
to investigate the behaviour of ATF 
claddings in design-basis accidents and 
beyond-design basis accidents through 
a series of bundle tests at the Karlsruhe 
Institute of Technology QUENCH facility, 
Germany. This project stands under the 
auspices of the NSC and the CSNI, 
and involves 19 organisations from 8 
member countries. The agreement 
entered into force in October 2021.

The series of three bundle tests at 
the QUENCH facility are planned as 
follows:

 • the first test will focus on LOCA 
conditions with Cr-coated Zr ATF 
cladding;

 • the second test will investigate 
severe accidents scenario with the 
same type of ATF cladding;

 • the third test is still open for discus-
sion, with the option to test another 
type of ATF cladding, namely SiCf-
SiC; or to test Cr-coated Zr under 
a different scenario based on the 
feedback from the first two tests.

The project will run over the period 
2021-2024 with approximately one 
test per year. The final year will be 
devoted to post-test examination and 
the preparation of the reports. The 
year 2021 was dedicated to the final 
preparation of the agreement and to 
the preparation of the first test, with 
the members of the project agreeing 
on the detailed conditions of the test. 

The NEA Framework 
for Irradiation 
Experiments (FIDES)
The new NEA Framework for Irradiation 
Experiments (FIDES) aims to support 
the experimental needs of nuclear 
safety regulators, technical support 
organisations, research institutions 
and industry by establishing a global 
network of research facilities to 
perform high-priority experiments to 

verify the safety and performance of 
fuels and materials. FIDES will bring 
together a network of key research 
reactors around the world and 
safeguard experimental knowledge for 
future generations.

The first FIDES Agreement came 
into force on 16 March 2021 with 27 
organisations, representing safety, 
industry and R&D organisations 
from Belgium, the Czech Republic, 
Finland, France, Germany, Hungary, 
Japan, the Netherlands, Russia, Spain, 
Switzerland, the United States and 
the European Commission. Some 
academic organisations will participate 
in FIDES as third parties.

The FIDES programme of work 
for the 2021-2024 period includes 
four Joint Experimental Programmes 
(JEEPs) that cover a wide range of 
experimental needs: 

 • A programme for quantifying 
thermomechanical clad load 
mechanisms during light water 
reactors slow transients, or Power to 
Melt and Manoeuvrability (P2M). It 
will be performed at the BR2 reactor 
at the Belgian Nuclear Research 
Centre (SCK•CEN) and at the post-
irradiation examination LECA Facility 
at the French Alternative Energies 
and Atomic Energy Commission 
(CEA).

 • A programme studying fuel rod 
behaviour under Loss-of-Coolant-
Accident (LOCA) conditions (LOCA 
MIR) has been performed at the 
MIR.M1 reactor at the Research 
Institute of Atomic Reactors (RIAR) 
in Russia.

 • In-pile Creep Studies of Accident 
-Tolerant Fuel (ATF) Claddings (INCA) 
will be performed at the LVR-15 
material test reactor in the Research 
Centre  ̌Rež, Ltd. (CVŘ),  in the Czech 
Republic.

 • High burn-up Experiments in 
Reactivity -Initiated Accident (HERA) 

will be performed at the Transient 
Reactor Test (TREAT) Facility at the 
Idaho National Laboratory (INL) in 
the United States and at the Nuclear 
Safety Research Reactor (NSRR) at 
the Japan Atomic Energy Agency 
(JAEA).

Since March 2021, FIDES has 
formed a Governing Board, which 
will oversee the Framework, and the 
Technical Advisory Group, which will 
assess the technical aspects of FIDES 
undertakings and provide guidance to 
the Governing Board.

The Governing Board meetings 
were organised in May and October 
2021 and the first Technical Advisory 
Group meeting was organised in 
October 2021. 

Furthermore, following approval 
by the Governing Board, a FIDES 
workshop was co-organised with 
the Idaho National Laboratory (INL) 
in June 2021 to discuss two new 
JEEP proposals for Testing of In-Core 
Mechanical Properties (ENCORE) and 
Stress Relaxation and Creep Research 
(STRETCH) projects. 

The JEEP P2M core group has 
initiated a simulation exercise applied 
to past fuel melting irradiation 
experiments. This activity will help 
calibrate fuel performance codes to 
predict fuel melting and enhance the 
design of the P2M transient tests. 
Two workshops dedicated to the P2M 
simulation exercise were organised 
where FIDES members discussed their 
simulation results.  

FIDES members supported the 
project on FIDES data preservation 
and quality assurance to be launched 
in 2022. Discussion has started on 
the co-ordination with NSC and CSNI 
activities in the area of fuels and 
materials and with the NEA Nuclear 
Education, Skills and Technology (NEST) 
Framework.

BR2 reactor of SCK•CEN.

SCK•CEN, Belgium
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Students.

CC BY-NC-SA 2.0, University of Saskatchewan

The NEA Nuclear 
Education, Skills and 
Technology (NEST) 
Framework
The NEA Nuclear Educat ion, 
Skil ls and Technology (NEST ) 
Framework Agreement was signed 
by 15 organisations from 10 member 
countries and entered into force in 
February 2019. The main objective of 
NEST is to foster a new generation 
of nuclear experts and leaders by 
transmitting practical knowledge 
and offering hands-on training. NEST 
addresses the important gaps in nuclear 
skills capacity building, knowledge 
transfer and technical innovation in an 
international context. 

The NEST Management Board has 
approved six NEST projects in the areas 
of safety, decommissioning, radioactive 
waste management, small modular 
reactor design, nuclear medicine and 
radiological protection, and legacy 
waste management:

 • Hydrogen containment experiments 
for reactor safety (HYMERES);

 • Small modular reactors (SMRs);

 • Advanced remote technology and 
robotics for decommissioning 
(ARTERD);

 • Radioactive waste management of 
i graphite;

 • Medical applications, nuclear 
technologies, radioprotection and 
safety (MANTRAS); and

 • Building competence, Expert 
knowledge, Applied techniques, 
Safe decommissioning, Train 
fellows (BEAST). 

Two additional projects are now 
being formed and will be proposed for 
approval by the Management Board in 
2022: 

 • Research reactors for nuclear 
education (FIDES - NEST); 

 • Thermodynamic Characterisation 
of Fuel Debris and Fission Products 
Based on Scenario Analysis of 
Severe Accidents Progression 2 
(TCOFF-2 - NEST).

The fourth NEST Management 
Board meeting was held in March 2021. 

Where, due to COVID-19 pandemic, 
the fellowships have not yet restarted, 
some NEST Projects have organised 
online education activities.

The NEST SMR Project organised 
a two-month training event during the 
summer of 2021 for about 30 Fellows, 
the SMR Prize Competition, whereas 
the NEST ARTERD Project organised 
two online seminars in September and 
October 2021. 

The NEST Framework was 
promoted at several events including 
at a NEST Session at the American 
Nuclear Society (ANS) Conference 
on Nuclear Training and Education: A 
Biennial International Forum (CONTE) 
in February 2021, as well as through a 
NEST Webchat organised with Fellows 
in April 2021. The NEST Secretariat has 
also commenced a news series in the 
NEA News magazine to better inform 
the wider nuclear community of the 
activities and participants of NEST. 
Five articles were published in 2021 
detailing the experiences of both NEST 
Fellows and project leaders. 

NEST Management Board members 
welcomed increased co-operation 
and synergies with the education 
and training activities of international 
partners such as the Global Forum 
on Nuclear Education, Science, 
Technology and Policy, the IAEA, 
the EC Joint Research Centre (JRC) 
and the European Nuclear Education 
Network (ENEN).

The Global Forum  
on Nuclear Education, 
Science, Technology 
and Policy 
The Global Forum on Nuclear 
Education, Science, Technology and 
Policy (the Global Forum) was launched 
in January 2021 to create an inclusive 
network of experts from the academic 
community to provide creative 
solutions around global challenges the 
nuclear sector is facing today as well as 

to engage and initiate a policy dialogue 
with all the nuclear stakeholders.

The Global Forum is led by a Council 
of Advisors composed of around 
40 representatives of 20 academic 
institutions from NEA member 
countries. During its first meetings, 
in April and June 2021, the Council of 
Advisors identified four strategic areas 
of work: 

 • achieving gender balance in 
nuclear technology and academic 
workforces; 

 • defining the future of nuclear 
engineering education;

 • rethinking the relationship between 
nuclear energy and society; and 

 • revitalising innovations in the 
nuclear sector to improve the future 
competitiveness of nuclear energy. 

Representatives within the Council 
of Advisors were selected and 
confirmed to lead the work of each 
of these areas in working groups. The 
four respective working groups have 
been established. The Co-Chairs of 
each group are working with the Global 
Forum Secretariat to plan working 
group meetings, establish work plans, 
and feed the outputs of the working 
groups into the programme of work 
and into the deliberations of the wider 
Forum.

Under the auspices of the Global 
Forum, the NEA hosted its second 
annual Global Nuclear Science 
and Engineering Commencement 
on 4 June 2021 to celebrate and 
recognise the accomplishments of 
the graduating classes of 2021 within 
the nuclear science and technology 
fields. The Commencement brought 
together renowned speakers, young 
professionals and students around 
the theme of “the role of early-career 
nuclear graduates in fighting climate 
change”.

Education Initiatives

NEA ACTIVITIES BY SECTOR
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Data Bank
The goal of the NEA Data Bank is to serve as the 
international centre of excellence for advancing best 
practices in the management, preservation, validation and 
utilisation of nuclear data and computer codes, through 
collaboration, integration with other NEA outputs, and 
dissemination of relevant data and products. The Data Bank 
also maintains and distributes the databases developed 
within the NEA working parties and expert groups, as 
well as by NEA joint projects. The Data Bank provides a 
direct service to its users by making tools available on 
request and by co-ordinating international initiatives.

Highlights 

 In 2021, the Data Bank led the establishment 
of a new GitLab infrastructure within the NEA 
datacentre including on-premise data pipelines, 
collaborative software and data development 
tools, and a dedicated software image registry 
for reproducible code and data testing.

 In November 2021, the Nuclear Data Services 
held the first hybrid in-person/online meetings 
since 2019. The Joint Evaluated Fission and 
Fusion (JEFF) Co-ordination Group restructured 
its activities, nominated Chairs to 11 technical 
working groups and implemented new processes, 
including the widespread use of the new NEA 
GitLab, to improve project management and focus 
participants on the delivery of JEFF-4.

 The Computer Program Services (CPS) 
engaged code owners and government 
representatives extensively to address changes 
in export control and agree policies to ensure 
compliance at the Data Bank, resulting in 
agreement to distribute a new, high-profile Finnish 
Monte Carlo code: SERPENT-2.

 The Data Bank Task Force on Open Science 
engaged a wide range of stakeholders and experts 
through surveys, interviews, and technical 
workshops, producing a set of recommendations 
to adopt Open Science principles in NEA products 
and services.

 In September 2021, the Data Bank Secretariat 
was merged with the Secretariat for the Nuclear 
Science Committee (NSC) as part of the new 
Division of Nuclear Science and Education 
to increase transversal co-operation and 
leverage the wealth of expertise in the NSC, 
particularly with respect to expertise in and data  
for validation.

The Data Bank continued to operate without major 
perturbations throughout 2021, in spite of the continuing 
COVID-19 pandemic. It delivered its primary outputs, 
including CPS package dissemination, training events, data 
development, and all technical workshops, making use of 
videoconferencing solutions where necessary. 

Management Board for the 
Development, Application and 
Validation of Nuclear Data and Codes
The Bureau of the Management Board for the Development, 
Application and Validation of Nuclear Data and Codes 
(MBDAV) held a series of meetings, liaising closely with 
the Data Bank Secretariat to review the progress of the 
Data Bank over the past five years since the creation of the 
MBDAV. These findings were discussed at the 8th Meeting in 
June 2021, alongside the standard review of the Data Bank’s 
operations. Over the subsequent months, the NEA senior 

management implemented an internal reorganisation of the 
Secretariat to make better use of the expertise and pro-
grammes of the NEA Standing Technical Committees (STCs) 
to fulfil the mission of the Data Bank as a centre for data 
preservation, dissemination, and validation. This reorganisa-
tion took place in September 2021, merging the Data Bank 
Secretariat with the Nuclear Science Committee Secretariat 
in the Division of Nuclear Science and Education. The Data 
Bank Secretariat retains responsibility for delivering the Data 
Bank Programme of Work and supporting the MBDAV, with 
the Head of the Division of Nuclear Science ensuring and 
strengthening transversal co-ordination across the Agency. 
The MBDAV noted this reorganisation at its 9th Meeting in 
October 2021.

The new Data Bank GitLab infrastructure, was installed 
in a bespoke infrastructure in the NEA data centre in 2021 
and includes the complete suite of functionalities required 
to integrate the code, data, and benchmarking activities of 
the Data Bank and wider NEA programme of work. This new 
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infrastructure, which should “go live” in March 2022, has 
been deployed for the development of the Joint Evaluated 
Fission and Fusion (JEFF) library, and computer code testing 
within the Computer Program Service has been migrated 
to GitLab to ensure reproducibility and traceability of the 
quality assurance procedures. This system will continue 
to play a central role in the enhanced services of the Data 
Bank, providing the collaborative data and code development 
environment, as well as data pipeline infrastructure, to 
automate the creation of verified data and benchmark 
models for CPS code packages, additional reference results 
for NSC benchmark projects, and comprehensive benchmark 
sensitivity-based inferences from integral experiments that 
will considerably enhance nuclear data development and 
unlock the application of advanced data science approaches.

The Data Bank Task Force on Open Science, established 
at the October 2020 meeting, completed its series 
of surveys, interviews and workshops with relevant 
stakeholders and Open Science experts, presenting the 
recommendations of the activity to the MBDAV at the 
October 2021 meeting. The interpretation and application of 
Findable, Accessible, Interoperable and Reproducible (FAIR) 
principles to the NEA Data Bank products and services, while 
respecting any and all content distribution restrictions, was 
appreciated as a priority by the MBDAV. The utilisation of 
the new collaborative infrastructure and pilot exercises with 
educational benchmarks, integral experiment modelling, and 
pipeline integration will demonstrate concrete solutions that 
address these recommendations for Data Bank stakeholders. 

Computer Program Services
More than 950 establishments are officially nominated for 
using the Computer Program Services (CPS) in the 28 NEA 
Data Bank participating countries and in non-OECD countries 
through a dedicated co-operation agreement that was 
resumed in 2020. 

The NEA Data Bank collection contains more than 
1 000 active (i.e. listed in the online catalogue) computer pro-
grams and 250 integral experiments, covering all areas related 
to reactor design, dynamics, safety and radiation shielding, 
material behaviour and radioactive waste applications. 

In 2020, 13 new or updated versions of computer programs 
and eight integral experimental data packages were added to 
the collection. The CPS distributed 1 188 computer program 
copies, 1  530  integral experiments through 474  unique 
requests, 131 NEA safety joint projects through 26 unique 
requests, and 90 legacy books.

In 2021, CPS added nine new or updated versions of 
computer programs, two NEA safety joint project reports, 
two integral experimental data packages and three legacy 
books and proceedings to its collection. The CPS distributed 
928  computer programs copies, 66  NEA safety joint 
project packages through 66 unique requests, 488 integral 
experiment packages through 488  unique requests and 
24 copies of legacy books and proceedings.

The CPS unit continued to adapt its working methods 
to cope with the restrictions imposed by the continuing 
COVID19 pandemic. All computer codes and integral exper-
imental data packages were dispatched through network 
download, which was upgraded to address the needs of 
packages with ever-increasing size. The only dispatches 
sent by postal mail are the ones sent to non-OECD countries 
through the IAEA-NEA co-operation arrangement.

In addition to the computer codes developed in NEA Data 
Bank participating countries, the CPS also distributes 
codes received from the Radiation Safety Information 
Computational Center (RSICC) pursuant to a co-operative 
arrangement between the United States Department of 
Energy (DOE) and the NEA Data Bank, which allows bilateral 
updates to several of the most distributed packages in both 
service areas.

The service provision to non-OECD countries was 
resumed in 2020 and in 2021 the CPS received 177 requests 
from 42 countries and the IAEA itself.

The CPS unit was originally dedicated to computer 
programs, but its role has expanded as the need for infor-
mation and knowledge management has increased at 
the NEA. The CPS now ensures the preservation and 
controlled distribution of safety joint projects and of inte-
gral experiments co-ordinated by the NEA Committee 
on the Safety of Nuclear Installations (CSNI) and the 
NEA Nuclear Science Committee (NSC), respectively.  

NEA Data Bank servers.
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This activity illustrates the transversal role of the Data Bank in 
the preservation and management of information and knowl-
edge produced through NEA co-ordinated activities and this 
transversal role has increased in relevance with projects such 
as the closure of the Halden Reactor Project and the creation 
of the new Framework for Irradiation Experiments (FIDES). 
Working directly with the NSC and CSNI secretariat, the CPS 
team provides the framework to collect and disseminate data 
from these projects. The Halden Reactor Project agreed at 
the June 2021 Management Board meeting that the Data 
Bank will host the master copy of project data after the clo-
sure of the project. Work by the CPS in 2021 has paved the 
way for these data to be successfully transferred in 2023.

The CPS unit scheduled and carried out six training 
courses on popular computer programs in 2021. The 
continuing COVID19 pandemic situation had a significant 
impact on this activity and, as a result, only online courses 
took place. The courses delivered included three training 
events at different levels for the Monte Carlo N-Particle 
(MCNP) code, two SCALE courses covering sensitivity and 
uncertainty analysis for criticality safety assessment and 
source terms and radiation shielding for spent fuel. These 
were the first online courses organised for these codes 
after being postponed in 2020 due to the pandemic. The 
sixth course was the second online Inventory Simulation 
Platform for Nuclear Observables and Materials Science 
(FISPACT-II 4.0 code) training, which took place in October 
2021. While this represents fewer overall training events 
compared to pre-pandemic levels, the overall participation 
is greater and has allowed training events to be joined from 
a more diverse set of Data Bank member countries.

Nuclear data services
The Data Bank maintains large databases containing 
experimental (Experimental Nuclear Reaction Data Retrievals 
[EXFOR]) and evaluated nuclear data, all of which are made 

available online. As a member of the International Network 
of Nuclear Reaction Data Centres (NRDC) since 1966, the 
NEA Data Bank is responsible for the compilation, in EXFOR, 
of neutron, photon and charged particle data arising from 
differential experimental programmes in its participating 
countries. In 2020 this involved the evaluation and processing 
of 497 new or updated entries with over 311 000 new data 
points in total and, in 2021, the detailed review and processing 
of over 453 new or updated entries with over 104 000 new 
data points compiled in the EXFOR database. The reduced 
number of overall data points is due to a reduced number 
of time-of-flight measurements from the CERN nTOF 
experiment due to COVID-19 pandemic restrictions. 

As a central part of its Nuclear Data Services, the Data 
Bank worked to prototype in 2020 a quality assurance pro-
cess for evaluated nuclear data files. This automated process 
was partially demonstrated using a cloud GitLab platform 
to automatically trigger checking and processing sequences 
whenever a new or updated evaluated file is contributed. In 
2021, the NEA Data Bank launched the effort to implement a 
long-term GitLab infrastructure at the NEA that includes the 
full functionality required to translate this prototype project 
into a production-ready system, noting that cloud execution of 
export-controlled codes is not permitted. Docker images for 
all pipeline processes were created and used to run local qual-
ity assurance procedures for all 562 evaluated neutron files. 

The Data Bank organised in November 2021 the first 
hybrid in-person/online meetings for the Joint Evaluated 
Fission and Fusion (JEFF) project, during which the project 
was overhauled to establish a clearer focus on the delivery of 
outputs. Eleven technical working groups were constituted 
with Chairs nominated from the participants to lead work 
on fission modelling, nuclear data uncertainties and 
covariances, decay data, differential experiments, evaluation 
methodologies, the application of machine learning 
algorithms, integral benchmarking, thermal scattering laws, 

The cooling station of the third generation 
nTOF spallation target.
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nuclear theory, data processing, and depletion calculations. 
The JEFF Co-ordination Group meetings were reorganised 
to focus on decision making and project management, 
with the establishment of a Bureau and agreement to hold 
quarterly project review meetings and implement progress 
tracking systems. 

The Data Bank is also responsible for developing and 
maintaining the Java-based Nuclear Data Information System 
(JANIS), a leading cross-section visualisation tool. JANIS 
is designed to facilitate the visualisation, comparison, and 
manipulation of evaluated and experimental nuclear data. In 
2020 the JANIS-4.1 upgrade was released and in 2021 the 
NUBASE2020 and JENDL/DEU-2020 databases were added 
to the JANIS system. 

As part of its work in nuclear data, the nuclear data 
service team collaborates closely with the NSC Working 
Party on International Nuclear Data Evaluation Co-operation 
(WPEC), contributing to the organisation and running of two 
week-long WPEC conferences that attracted over 160 and 
110 participants, in May and December, respectively. 

Databases of experiments, nuclear 
knowledge management
To support the activities of NEA Standing Technical 
Committees, the Data Bank continues to develop and 
provide support to databases built and maintained by the 
NEA. This includes the Spent Fuel Isotopic Composition 
Database (SFCOMPO-2.0), the Database for the International 
Handbook of Evaluated Criticality Safety Benchmark 
Experiments (DICE), the International Reactor Physics 
Handbook Database and Analysis Tool (IDAT), the Nuclear 
Data Sensitivity Tool (NDaST) and the Thermal-Hydraulic 
Safety Experiments (TIETHYS), all of which concern 
Nuclear Science Committee (NSC) related activities at the 
NEA. In 2021, 488 packages through unique distributions of 

NSC experiments amounted to approximately 30% of total 
distribution by the Data Bank. 

The Data Bank also supports nuclear safety and 
radiological protection activities by maintaining databases 
such as the Fire Incidents Records Exchange (FIRE), the 
Component Operational Experience, Degradation and 
Ageing Programme (CODAP), the Construction Experience 
Programme (ConEx), and the Information System on 
Occupational Exposure (ISOE).

Contact:
Michael Fleming
Acting Head of Data Bank
+33 (0)1 73 21 28 22
michael.fleming@oecd-nea.org

The Summit supercomputer.

Creative Commons, Oak Ridge 
National Laboratory (ORNL)  
and Carlos Jones
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.
The goal of the NEA in this sector is to help create the 
sound national and international legal regimes required 
for the peaceful uses of nuclear energy, including as 
regards nuclear safety, international trade in nuclear 
materials and equipment, public engagement, issues of 
liability and compensation for nuclear damage, and to 
serve as a leading centre for nuclear law information and 
education. The staff provides support to the Nuclear Law 
Committee (NLC) and its working parties in this area, as 
well as to the Contracting Parties to the Paris Convention.

Highlights 

 The ceremony to ratify the 2004 Protocols 
to amend the Paris Convention on Third Party 
Liability in the Field of Nuclear Energy and the 
Brussels Convention Supplementary to the Paris 
Convention took place on 17 December 2021.

 The Nuclear Law Committee (NLC) met 
remotely on 9-11  June  2021, gathering around 
90  participants from NEA member and non-
member countries, the European Commission 
(EC), the International Atomic Energy Agency 
(IAEA) and the nuclear insurance industry.

 On 19 April 2021, the OECD Council appointed 
a new judge to the European Nuclear Energy 
Tribunal. The Tribunal held an exceptional session 
in September 2021 to elect its new President.

 The first edition of a new online course, the 
Fundamentals of International Nuclear Law (FINL), 
was held on 1618 February 2021 for a diverse group 
of 40 professionals and graduate students. The 
FINL provides a high-level, introductory review of 
the central aspects of international nuclear law in 
a condensed programme. 

 The 2021 session of the International School of 
Nuclear Law (ISNL) was held for the first time in 
an online format on 23 August to 3 September and 
attracted 40 graduate students and professionals 
from across the world to learn more about the 
legal framework and major issues affecting the 
peaceful uses of nuclear energy. 

 The Principles and Practice of International 
Nuclear Law was completed in December 
2021. Largely authored by ISNL lecturers, this 
publication provides an overview of the complex 
body of laws and legal regimes in international 
nuclear law, as well as the many developments 
that have unfolded in recent years impacting all 
aspects of nuclear safety, security, safeguards and 
liability.

Development and harmonisation of 
nuclear legislation

Nuclear Law Committee (NLC)

The NEA Nuclear Law Committee (NLC) met remotely on 
9-11 June 2021 to review the activities of the NEA Office 
of Legal Counsel and the NLC working parties on nuclear 
liability and transport, deep geological repositories and 
nuclear liability, and the legal aspects of nuclear safety. 
The meeting was attended by 90 participants representing 
28 NEA member countries, 5 partner countries (Bulgaria, 
India, Lithuania, Ukraine and the United Arab Emirates), the 
EC, the IAEA and the insurance industry.

Participants discussed the current and future NEA 
activities relating to small modular reactors (SMRs), the 
progress made on the forthcoming reports of the Third and 
Fourth International Workshops on the Indemnification of 
Damage in the Event of a Nuclear Accident, and the latest 
status of case law (in Japan and the United States) regarding 
the Fukushima Daiichi nuclear power plant accident. 

They also addressed the latest developments regarding 
claims handling. The Secretariat provided information on 
the adoption of the Guidance on the applicability of the 
Convention on Environmental Impact Assessment in a 
Transboundary Context (Espoo Convention) to the lifetime 
extension of nuclear power plants and the entry into force of 
the Regional Escazú Agreement on Access to Information, 
Public Participation and Justice in Environmental Matters 
in Latin America and the Caribbean. The meeting agenda 
also featured reports by the United Kingdom on post-Brexit 
nuclear co-operation agreements, by a representative of 
the General Insurance Corporation of India on the policies 
available to nuclear operators and suppliers in India, and by 
the EC and the IAEA on their latest activities. Finally, the 
Committee was also updated on the work undertaken by the 
Contracting Parties to the Paris Convention.

NEA ACTIVITIES BY SECTOR
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Contracting Parties to the Paris 
Convention and the Brussels 
Supplementary Convention
The NEA member countries that are party to the Paris 
Convention on Third Party Liability in the Field of Nuclear 
Energy (the “Paris Convention”) and the Brussels Convention 
Supplementary to the Paris Convention (the “Brussels 
Supplementary Convention”) met several times in 2021: 
in January, June and October. The Contracting Parties 
continued discussing the application and interpretation of 
the Paris and Brussels Supplementary Conventions, and 
prepared for the ratification of the 2004 Protocols amending 
both conventions and their entry into force. For example, 
they reviewed the Decisions, Recommendations and 
Interpretations (DRI) applicable to the Paris Convention and 
the Brussels Supplementary Convention in order to ensure 
that the DRI were duly updated or abrogated, as relevant, 
in view of the entry into force of the 2004 Protocols. 
Since the entry into force of the Paris Convention and 
Brussels Supplementary Convention, various decisions, 
recommendations and interpretations have been adopted 
by the OECD Council or the Steering Committee for Nuclear 
Energy to further specify the scope of application of the 
conventions or assist the Contracting Parties and the public 
in general in their implementation. 

As all the Contracting Parties to the Paris Convention 
had finalised their respective national legislative process to 
be able to ratify the 2004 Protocols, on 17 December 2021 
they deposited their instruments of ratification, acceptance 
or approval of both Protocols, with one of them doing so for 
the Paris Convention only. The only countries that did not 
deposit their instruments on that date were (i) Norway and 
Switzerland, which had already deposited their instruments 
of ratification of both Protocols in November 2010 and 
March 2009, respectively; (ii) Spain, which had deposited 

its instrument of ratification of the Protocol to amend the 
Brussels Supplementary Convention in January 2006, and 
(iii) Türkiye, which deposited its instrument of accession 
of the 2004 Protocol to amend the Paris Convention on 
4 January 2022. The press release relating to the ratification 
ceremony is available at https://www.oecd-nea.org/
Brussels-Paris-Ratification.  

Consequently, the 2004 Protocol to amend the Paris 
Convention (the “Revised Paris Convention”) and the 
2004  Protocol to amend the Brussels Supplementary 
Convention (the “Revised Brussels Supplementary 
Convention”) entered into force on 1 January 2022 for all 
the Contracting Parties to the Paris Convention, except for 
Türkiye, for which the Revised Paris Convention entered into 
force on 4 January 2022. 

The Revised Paris and Brussels Supplementary 
Conventions combined ensure that victims of damage 
resulting from an accident in the nuclear energy sector will 
be able to seek more compensation – the operator liability 
will be of at least EUR 700 million under the Revised Paris 
Convention and the public funds provided under the Revised 
Brussels Supplementary Convention will complement up to 
EUR 1.5 billion. This international nuclear liability regime 
provides the highest guaranteed amount of compensation 
available to potential victims of nuclear accidents. It is 
important to note, however, that a number of parties to 
the Revised Paris Convention have already amended their 
national laws to increase the nuclear liability amounts to the 
required minimum or beyond. 

Victims are now able to file claims over a longer period 
of time (30 years following a nuclear accident, instead of 
10 years) for personal injury or loss of life and for a wider 
range of damage suffered, such as economic loss, the cost 
of preventive measures and of measures of reinstatement of 
an impaired environment.

Entry into force of 
the 2004 Protocols to 

amendthe Paris and the 
Brussels Supplementary 

Conventions, 
December 2021.

https://www.oecd-nea.org/Brussels-Paris-Ratification
https://www.oecd-nea.org/Brussels-Paris-Ratification
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The Revised Paris Convention also broadens its geographic 
scope, allowing victims situated in certain countries that 
are not parties to the Convention to make claims in case 
they suffer damage or loss as a result of ionising radiation 
emitted from a Paris Convention State. This will be the case, 
for example, of countries with no nuclear installations and 
countries with national nuclear liability regimes similar to the 
one set up by the Paris Convention that afford equivalent 
reciprocal benefits to the Paris Convention State where the 
accident occurred.

A total of 16 NEA member countries are parties to the 
Revised Paris Convention, covering 105 operating reactors 
and 7 under construction, out of a total of 442 operating 
reactors worldwide and 51 under construction. Of those 
countries, 13 are also parties to the Revised Brussels 
Supplementary Convention. The latest status of ratification 
is available at www.oecd-nea.org/Paris-Convention-Status. 

Working Party on the Legal Aspects of 
Nuclear Safety (WPLANS)

The NEA Working Party on the Legal Aspects of Nuclear 
Safety (WPLANS) held a virtual meeting on 19-20  May 
2021 with 48 participants representing 19 NEA member 
countries, 3 non-NEA member countries (Brazil, Ukraine 
and the United Arab Emirates) and the IAEA. The first day of 
the meeting featured discussions on national developments 
relating to the legal aspects of nuclear safety, legal issues 
related to long-term operation/lifetime extension of nuclear 
power reactors, and the licensing and regulation of small 
modular and advanced reactors, with presentations by 
Belgium, Canada, Finland, the Russian Federation and the 
United States. The second day of the meeting focused 
on challenges to licensing and the enforcement of nuclear 
safety-related laws and regulations, with presentations by 
Belgium, the Czech Republic, Germany, the Slovak Republic 
and Türkiye. In addition, the IAEA, Ukraine and the United 
Arab Emirates provided updates on matters of special 
interest to the WPLANS.

In tandem with the WPLANS meeting, an internal 
workshop was held on 18 May 2021 to discuss the results 
of an extensive survey on legal challenges related to nuclear 
safety, during which the participants exchanged information 
about their respective legal frameworks for such challenges 
and discussed potential next steps in their work plan.

Working Party on Nuclear Liability and 
Transport (WPNLT)

The NEA Working Party on Nuclear Liability and Transport 
(WPNLT) met remotely on 2324 November 2021 to discuss 
and review its ongoing work on the practical challenges 
related to the nuclear liability regimes applicable to transport 
and transit of nuclear substances. More than 40 participants 
representing 14  member countries, a partner country 
(the United Arab Emirates), the EC and the Centre for 
International Law of the National University of Singapore 
(CIL). Representatives from the nuclear insurance industry, 
the International Nuclear Law Association (INLA), the World 
Nuclear Association (WNA) and the World Nuclear Transport 
Institute (WNTI) also participated to report on their activities 
related to nuclear transport. The Czech Republic and 
Switzerland presented their national legislation applicable 
to nuclear transport, and the EC informed on recent 
developments related to nuclear transport activities within 
the framework of the European Union and Euratom. The 
participants also discussed the issue of denial of shipments 
following presentations given by the representatives of WNTI 
and WNA. 

The working party also continued addressing the 
challenges relating to the qualification of nuclear substances 
to be transported and discussed the outcomes of the 
workshop entitled The Qualification of Nuclear Substances 
and Nuclear Liability, held on 29-30 March 2021. During 
this workshop, the participants discussed the insurance-
related, legal and technical challenges associated with the 
qualification of nuclear substances during transport and 
its impact on the organisation of insurance to cover such 
transport, as well as practical solutions to those challenges. 

Deep geological repositories and nuclear liability.

Posiva, Finland

http://www.oecd-nea.org/Paris-Convention-Status
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They also addressed the practical implementation of 
the exclusion of nuclear substances from the scope of 
application of the international nuclear liability conventions. 
In this context, there was a common agreement on the need 
to work towards a common understanding of which nuclear 
substances are covered by, or excluded from, the nuclear 
liability conventions and the applicable national nuclear 
liability regimes. 

Working Party on Deep Geological 
Repositories and Nuclear Liability 
(WPDGR)

The Working Party on Deep Geological Repositories and 
Nuclear Liability (WPDGR) held a virtual meeting on 2-3 March 
2021, bringing together about 30  experts in radioactive 
waste management, radiological protection and nuclear 
liability representing 14 members, as well as representatives 
from the nuclear insurance industry. Participants discussed 
specific topics relating to deep geological repositories 
(DGRs) and worked on the group’s forthcoming report Deep 
Geological Repositories and Nuclear Liability. The report will 
provide decision makers with a comprehensive overview 
of DGR projects and nuclear liability. It will also explore 
challenges related to nuclear liability as applicable to DGRs. 
During its March 2021 plenary meeting, the WPDGR also 
agreed to address the topic of nuclear liability as applicable 
to near-surface repositories in the 2021-2022 period.

International co-operation on nuclear 
law

The NEA continued to contribute to the work of the IAEA 
International Expert Group on Nuclear Liability (INLEX) and 
the WNA, as well as to support the activities of the INLA.

Nuclear law publications programme

Principles and Practice of International 
Nuclear Law

For the past ten years, the NEA publication International 
Nuclear Law: History, Evolution and Outlook has served 
as the source of reference for students and professionals 
wishing to learn more about international nuclear law. 
Written by key lecturers from the ISNL, its articles have 
been assigned as required reading. Despite the intervening 
years since its original publication, International Nuclear Law: 
History, Evolution and Outlook has continued to prove its 
value. However, an eventful decade has passed and nuclear 
law has progressed. New lecturers have joined the ISNL and 
the content of the curriculum has evolved. Each element 
of the safety, security, safeguards and liability model has 
been affected by events that unfolded in recent years. As a 
result, more than a mere update was required; instead, an 
entirely new publication was needed. With this, Principles 
and Practice of International Nuclear Law was completed in 
December 2021.

Largely authored by ISNL lecturers, Principles and Practice 
of International Nuclear Law examines the various interre-
lated legal issues for the safe, efficient and secure use of 
nuclear energy. It provides an overview of the complex body 
of laws and legal regimes in international nuclear law, as well 

as the many developments 
of recent years. It gives a 
concise overview of the 
main international institu-
tions and addresses such 
issues as radiological pro-
tection, nuclear safety, 
environmental protection, 
nuclear transport, nuclear 
security, safeguards, 
nuclear third party liability 
and compensation for 
nuclear damage, insur-
ance, nuclear trade, and 
project development. 

Nuclear Law Bulletin
The Nuclear Law Bulletin (NLB) is a unique international 
publication for both professionals and academics in the field 
of nuclear law. It provides readers with authoritative and 
comprehensive information on nuclear law developments 
since 1968. The first issue of 2021 was the 106th edition and 
it includes a study entitled “Recognition and enforcement 
of foreign judgments on civil liability for nuclear damage”. 
It also contains case law, legislative and regulatory updates 
from Belarus, Canada, Finland, Germany, Japan, Switzerland, 
the United Arab Emirates and the United States, as well as 
intergovernmental organisation activity updates from the EC 
and IAEA.

The second volume of 2021, the 107th edition, will be 
published in the 1st quarter of 2022. It is expected to include 
two articles and studies, one on the Slovak legal system for 
spent fuel and radioactive waste management and another 
on the contemporary application of the Price-Anderson Act 
on nuclear liability in the United States. It is also expected to 
include case law, national legislative and regulatory updates 
from Belarus, Brazil, Canada, Greece, Japan, the Slovak 
Republic and the United States, as well as intergovernmental 
organisation activity updates from the EC and IAEA.

With each new edition of the NLB, an update to the 
NLB Index is published on the NEA website. Issued as a 
resource for research purposes, the NLB Index groups 
together information and articles published in the Bulletin 
over the past 50+ years, classified by country and organised 
by case law, legislative and regulatory activities and bilateral 
agreements. Separate sections detail information related 
to international organisations and multilateral agreements. 
The latest edition covering numbers 1 to 106 is available at: 
www.oecd-nea.org/nlb.

In addition to the 2021 English issues, the French edition 
of Nuclear Law Bulletin No. 101 has been published, while 
No. 102 will be published in the 2nd quarter of 2022. All 
issues of the NLB are available free online at www.oecd-
nea.org/nlb.

NNEEAA

Principles and Practice of 
International Nuclear Law

NEA ACTIVITIES BY SECTOR
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Nuclear law website
The NEA strives to keep the information on its website 
on nuclear law up to date. Several documents relating to 
nuclear liability were posted in July 2021 (the Table on the 
Principle of Reciprocity in National Legislations relating to 
Compensation of Nuclear Damage) or updated (the Table 
on Nuclear Operators’ Third Party Liability Amounts and 
Financial Security Limits and the Table on Priority Rules on 
Compensation for Nuclear Damage in National Legislation). 
These documents, which are for information purposes, can 
be downloaded at: www.oecd-nea.org/nuclear-liability. 
Furthermore, country sheets providing a practical overview 
of the applicable legal framework to nuclear transport and 
transit in each concerned country are available at www.
oecd-nea.org/nuclear-transport. Documents relating to the 
Revised Paris Convention (the Table on Nuclear Liability 
Amounts Currently Applicable and Following the Entry Into 
Force of the 2004 Protocol and the Table on the Availability 
of Financial Security to Cover Revised Heads of Damage as 
Required Under the 2004 Protocol) were posted at: www.
oecd-nea.org/paris-protocol.

The multilateral agreements page continues to be updated 
with country adherences and relevant NLB articles: www.
oecd-nea.org/multilateral-agreements.

Nuclear law education programmes

International School of Nuclear Law 
(ISNL)
The 2021 session of the NEA International School of Nuclear 
Law (ISNL) was held from 23 August to 3 September. Due 
to the continuing worldwide COVID-19 pandemic, the NEA 
held the ISNL in an online format for the first time in its 
20-year history. Organised by the NEA and the University 
of Montpellier, the ISNL is a unique educational programme 
that offers participants from the academic, private and 
governmental sectors an in-depth look at international nuclear 
law, focusing on areas such as nuclear safety, environmental 
law, security, safeguards, and nuclear third party liability. 
The 2021 session was attended by 40 participants from 
19 countries, including non-NEA member countries, many 
of whom received support to attend the ISNL from the IAEA, 
which also provided several lecturers.

Although it was not possible to meet in person in 
Montpellier, the 2021 programme delivered on the same 
rigorous educational objectives as it has for the past 20 years 
through a mixture of live programming, pre-recorded video 
lectures, group assignments, preparatory coursework, 
digital resources and social engagement. Comprehensive 
lectures were delivered by 32 specialists in nuclear law from 
international organisations, governments, academia and 
private industry.

Fundamentals of International Nuclear 
Law (FINL)
The first edition of the Fundamentals of International Nuclear 
Law (FINL) course was held on 16-18 February 2021 with a 
diverse group of 41 professionals and graduate students from 
27 countries. The FINL is a new online course developed by 
the NEA to provide a high-level, introductory review of the 
central aspects of international nuclear law in a condensed 
programme over three days, three hours per day. The course 
was instituted to provide a virtual educational offering, as a 
complement to the NEA’s in-person education programmes, 
to ensure continuity in its mission of providing nuclear law 
information and education during these challenging times. 
The participants learnt about the international nuclear law 
framework and major issues affecting the peaceful uses of 
nuclear energy. Lectures on topics related to nuclear safety, 
security, non-proliferation and liability were delivered by 
16 lecturers from the NEA, the IAEA, nuclear regulatory 
authorities and the private sector.

The 2021 session of  
the NEA International 

School of Nuclear Law 
(ISNL) was held from  

23 August to 3 September.

Contact:
Kimberly Nick
Head, Division of Nuclear Law
+33 (0)1 73 21 28 04
kimberly.nick@oecd-nea.org
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Information and 
Communication
The goal of the NEA in this sector is to provide 
member governments and other major stakeholders 
with information resulting from NEA activities and to 
enhance awareness and understanding of the scientific, 
technical, economic and legal aspects of nuclear 
activities, as well as awareness of the NEA itself.

Highlights 

 The Agency produced 27 publications and 
20 technical reports in 2021, all available free online 
from the NEA website. Overall dissemination and 
downloads remained healthy.

 The Agency convened 21 major public online 
events during 2021: eleven expert roundtable 
discussions, six webinars, two NEA WebChats 
led by Director-General Magwood, and online 
ceremonies to welcome Bulgaria as a member 
country, and the Global Commencement for 
nuclear engineering graduates.

 The Agency conducted five “virtual missions” 
to explore potential, future areas of co-operation 
and share experiences with member and partner 
countries.

 139 press and news releases were issued 
in 2021, all available on the NEA website, and 
covering all aspects of the Agency’s work.

 Online networking and multimedia platforms 
are central to communicating the Agency’s latest 
publications, news and events and saw steady 
organic growth in 2021.

 The Agency has continued to increase 
its visibility through participation of the NEA 
management in major international fora and 
events in member countries and elsewhere, 
usually via electronic means.

Relations with the media

Relations with the media in 2021 covered a wide variety of 
topics and questions concerning the development and use 
of nuclear power. Over a hundred press and news releases 
were issued to notify the NEA community of updates such 
as the accession of Bulgaria to the Agency; the entry into 
force of the Protocols to amend the Paris Convention on 
Third Party Liability in the Field of Nuclear Energy and the 
Brussels Convention Supplementary to the Paris Convention; 
the establishment of the NEA Global Forum on Nuclear 
Education, Science, Technology and Policy; and the releases 
of Ensuring the Adequacy of Funding for Decommissioning 
and Radioactive Waste Management and Long-Term 
Management and Actions for a Severe Accident in a Nuclear 
Power Plant.

Over the course of the year, the NEA and the NEA 
Director-General were cited in numerous news articles in 
specialised publications and the international press, including 
Allgemeine Zeitung Bulgarian National TV, The Dong-a Ilbo, 
Frankfurter, The Hill, Le Monde, NHK, and Yahoo Finance, 
as well as in specialised publications such as Physics World, 
Power Engineering International, Nuclear Engineering 
International, World Nuclear News and NucNet.

Publications
In 2021, the Agency produced 27 publications, all of which 
are available free on the NEA website at www.oecd-nea.org/
pub. A list of these publications is provided on page 97. The 
most accessed publications during the course of the year 
included: various editions of Projected Costs of Generating 
Electricity; Fukushima Daiichi Nuclear Power Plant Accident, 
Ten Years On; Small Modular Reactors: Challenges and 
Opportunities; and Uranium 2020: Resources, Production 
and Demand.

A total of 19 NEA technical reports were also issued 
under the unclassified “R” series, directly downloadable 
from the substantive area web pages. The most accessed 
online reports during the course of the year included: 
PENELOPE-2018: A Code System for Monte Carlo Simulation 
of Electron and Photon Transport; Preparedness for Post-
Accident Recovery: Lessons from Experience; Best Practice 
Guidelines for the use of CFD in Nuclear Reactor Safety 
Applications – Revision.

The Agency’s specialised journal, NEA News, keeps 
NEA correspondents and other interested professionals 
abreast of significant findings and advances in the Agency’s 
programme of work. It provides feature articles on the 
latest developments in the nuclear energy field, as well as 
updates on NEA work, news briefs and information about 
NEA publications and forthcoming events.

GENERAL INFORMATION

http://www.oecd-nea.org/pub
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In 2021, NEA News covered topics such as the Agency’s 
participation in COP 26, the adequacy of funding for the 
management and disposal of high-level radioactive waste 
in NEA member countries, and the importance of mental 
health and psychosocial support in the context of a nuclear 
or radiological emergency. NEA News is available free on the 
Agency’s website at www.oecd-nea.org/nea-news.

Online communication
The NEA’s online presence and use of new media 
technologies play a key role in communicating the work and 
accomplishments of the Agency. Website traffic remained 
healthy in 2021, with the following areas attracting the most 
views: The Java-based Nuclear Data Information System 
(JANIS); the International School of Nuclear Law 2021 Online 
Session; News and general information about the Agency; 
Radioactive Waste Management.

Online networking platforms have helped strengthen 
communication of NEA activities. The Agency maintains 
a regular presence on Twitter, LinkedIn, Facebook and 
YouTube. In 2021, the NEA maintained its engagement on 
all four platforms, with the total number of social media 
impressions exceeding 2.7 million. The Agency’s social 
media profiles continued to grow organically in 2021 with 
a 28% increase in the number of followers on LinkedIn, a 
22% increase on Twitter, and a 2.5% increase on Facebook.

Webinars remained an integral part of NEA online 
communications work in 2021. The NEA held four webinars 
and thirdteen expert roundtable discussions on the work of 
the NEA and key debates about nuclear energy. The Agency 
organised an online commencement ceremony to celebrate 
and recognise the accomplishments of the graduating 
classes of 2020 and 2021, especially those within the nuclear 
science and technology fields. NEA WebChat series were 
continued with two online dialogues led by Director-General 
William D. Magwood, IV with leaders in the global energy 

field on current major issues. Participants were able to join 
these events live online by sending comments and questions. 
Additionally, the NEA organised numerous online workshops 
for NEA delegates, including: the competency management 
of regulators (COMAREG); Joint utilisation of underground 
research laboratories for research and development projects; 
Issues in the financing of nuclear new build (with the 
International Framework for Nuclear Energy Cooperation).

The Agency also continued to use video as part of its 
digital communications strategy in 2021. Videos produced 
by the Agency were viewed nearly 35 000 times across 
YouTube, Twitter and LinkedIn platforms. Topics covered 
in 2021 included NEA events, publications, NEA WebChats 
and mentoring workshops. A video explaining how nuclear 
energy can contribute to global decarbonisation objectives 
set by the Paris Agreement was produced ahead of COP 26.

Subscriptions to the Agency’s newsletter NEA Monthly 
News Bulletin continued to grow during 2021. Distributed 
free of charge, the bulletin includes monthly updates on 
NEA work, activities and newly released reports. Online 
subscriptions can be made at oe.cd/nea-sub.

Online interaction with NEA delegates and member 
countries continued to expand in 2021. Most NEA 
committees and their working groups continue to rely 
exclusively on electronic communication such as password-
protected extranet pages, e-mail discussion lists or online 
collaborative work spaces to continue their work in the 
absence of face-to-face meetings.

The NEA also continues to interact with its member 
countries and partners via “virtual missions”. These 
missions, led by the Director-General to NEA are an effort to 
strengthen collaboration, explore potential, future areas of 
co-operation and share experiences as the world endeavours 
to adapt to a new way of working in the COVID era. In 2021 
the Director-General, accompanied by senior staff, held a 
series of meetings with high-ranking officials from Brazil, 
Bulgaria, China, and Japan. 

Entry into force of  
the 2004 Protocols to amend 

the Paris and the Brussels 
Supplementary Conventions, 

December 2021.

http://www.oecd-nea.org/nea-news
http://oe.cd/nea-sub
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The Delegates’ Area of the NEA website continues to 
offer an important service for many NEA committees 
and working groups. This section of the website provides 
authorised users with official NEA documents, information 
on forthcoming NEA meetings, contact details for other 
committee members, as well as access to the presentations 
and background notes prepared for the Steering Committee 
policy debates. During 2021 dedicated areas for some 
standing technical committees and their working groups 
were made available under the rubric “MyNEA”. These 
dedicated workspaces provided support for the work of the 
Steering Committee for Nuclear Energy, as well as other 
groups and NEA-organised events and workshops.

Public affairs and visibility in 
international fora

NEA Director-General William D. Magwood, IV spoke in 
a variety of fora and countries in 2021 to communicate 
key messages about nuclear energy and the work of the 
NEA. These fora included: Sustainable Nuclear Energy 
Technology Platform (SNETP) 2021 Forum – Towards 
innovative R&D in civil nuclear fission on 2 February; the 

International Gender Champions Impact Group meeting 
hosted by the Canadian Nuclear Safety Commission (CNSC) 
on 16 February; the Generation IV Forum 20th anniversary 
on 28 April; the Nuclear Industry Association (NIATR) Virtual 
Nuclear Power Plants Expo and Summit, on 1-2 June 2021; 
the World Nuclear Association (WNA) Strategic eForum 
2021 on 9-11 September; the CAES Energy Policy Institute 
10th Anniversary Energy Policy Conference on 14 October; 
the 3rd EuroAsian Women’s Forum, on 15 October; the 2020 
American Nuclear Society (ANS) Virtual Winter Meeting on 
30 November.

Mr Magwood also gave online lectures and held virtual 
discussions with students from a number of higher education 
institutions, including the Massachusetts Institute of 
Technology and Tokyo University.

During 2021, the NEA co-sponsored several international 
events where the NEA Director-General or NEA experts 
intervened. These included:

 • International Conference on Mathematics and 
Computational Methods Applied to Nuclear Science and 
Engineering (M&C 2021), 3-7 October;

 • International Conference on Radioactive Waste 
Management: Solutions for a Sustainable Future, 
1-5 November;

 • International Conference on a Decade of Progress After 
Fukushima Daiichi: Building on the Lessons Learned 
to Further Strengthen Nuclear Safety, Vienna, Austria, 
8-12 November.

NEA Director-General Magwood spoke at the Sustainable 
Nuclear Energy Technology Platform (SNETP) Forum 2021.

Contact:
Andrew Macintyre
Head, Central Secretariat 
+33 (0)1 73 21 28 10 
andrew.macintyre@oecd-nea.org
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The goal of the NEA is to establish effective relationships 
with partner countries whose participation in  
the NEA programme can be mutually beneficial  
and to ensure complementarity and increase synergies 
with the International Atomic Energy Agency (IAEA), 
the European Commission (EC) and other international 
bodies. When relevant for its programme of work, the 
NEA develops exchanges with industrial organisations.

Highlights 

 Bulgaria became the NEA’s newest member 
country in January 2021.

 India expressed interest in closer co-operation 
regarding the areas of radioactive waste 
management and radiological protection.

 China expressed interest to become participant 
in further NEA Standing Technical Committees.Global relations

Brazil
On 12 March 2021, NEA Senior management had a 
productive virtual meeting with the Brazilian Minister of 
Energy and key players of the Brazilian Nuclear Programme 
exchanging on recent developments in Brazil and on Brazil’s 
future relationship with the NEA. Brazil informed about steps 
made towards the establishment of an independent nuclear 
regulator, and explained that a political decision on Brazil’s 
intent to apply for NEA membership would be made as soon 
as circumstances allow. 

In 2021, upon invitation, Brazilian delegates participated 
in the meeting of the Nuclear Law Committee and selected 
working groups. 

People’s Republic of China
The NEA’s relationship with the People’s Republic of China 
(China) continued on a positive path in 2021. On 21 January, 
NEA Senior management had a meeting with Mr Zhang 
Kejian, Chairman of the China Atomic Energy Authority 
(CAEA), who expressed interest in China becoming a 
Participant in several NEA Standing Technical Committees. 

Co-operation in the area of nuclear safety also continued 
to be strong, as Chinese delegates participated in the 
Committee on Nuclear Regulatory Activities (CNRA), the 
Committee on the Safety of Nuclear Installations (CSNI), 
the Radioactive Waste Management Committee (RWMC), 
the Committee on Decommissioning of Nuclear Installations 
and Legacy Management (CDLM), the Committee on 
Radiological Protection and Public Health (CRPPH) and 
selected working groups, while the regulatory authority 
was also an active participant in the Multinational Design 
Evaluation Programme (MDEP).

GENERAL INFORMATION

The 26th UN Climate Change Conference of the Parties 
(COP 26) in Glasgow, United Kingdom.

The NEA-China Forum on Nuclear Decommissioning and 
Radioactive Waste Management was postponed due to the 
impact of the COVID-19 pandemic and is now planned to take 
place as soon as circumstances allow.

China continued active participation in joint projects 
established under the auspices of the NEA (ARC-F, ATLAS-
3, ETHARINUS, Halden-HTO, SCIP-4, THEMIS and ISOE) as 
well as being a member of the Generation IV International 
Forum (GIF) and International Framework for Nuclear Energy 
Cooperation (IFNEC).

India

India, as a Participant in the CSNI and the CNRA, also 
takes part in the work of the subsidiary bodies of both 
committees. Besides nuclear safety, co-operation with 
India is also well established in the area of nuclear law. 
During a high level meeting in September, India expressed 
interest in closer co-operation in the areas of radioactive 
waste management and radiological protection. 
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United Arab Emirates
During a high-level meeting in September 2021, the UAE 
confirmed its interest in further engaging in NEA activities, 
notably those related to nuclear safety, radioactive waste 
management, and human capacity building. Delegates from 
UAE participated, upon invitation, in meetings of the CNRA 
and the NLC. 

Other partners
Senior representatives of the government of Ukraine have 
expressed interest in taking part in NEA meetings, possibly 
as a precursor to a future request for membership. Prime 
Minister Smyhal has expressed his country’s interest in 
pursuing closer co-operation with the NEA. Ukraine, which 
currently has Invitee status, expressed interest in attending 
meetings of the CSNI, CNRA, RWMC, CDLM, NLC  
and NDC.  

The OECD member countries Chile, Estonia and Lithuania 
have contacted the Secretariat with a range of interests in 
the NEA, including access to its Data Bank. The Steering 
Committee agreed that Chile and Lithuania may be invited 
to official meetings of NEA bodies.  

International organisations
The NEA continues its close co-operation with the 
International Atomic Energy Agency (IAEA) through the 
co-ordination and consultation mechanisms provided for 
in the existing agreement between the two agencies. 
These mechanisms ensure cross participation in relevant 
committees and governing bodies, and in undertaking 
joint activities, meetings and conferences in appropriate 
areas. During 2021, the NEA and IAEA held their annual 
co ordination meeting online to discuss several key topics, 
including climate change mitigation, the impact of the 
COVID-19 pandemic, advanced nuclear technologies, gender 
balance in the nuclear field, nuclear knowledge management, 
co-operation regarding other international fora, and the joint 
publication Uranium: Resources, Production and Demand, 
commonly known as the “Red Book”. The latest edition of 
the Red Book was published in December 2020.

On the margins of the 65th IAEA General Conference, 
NEA Director-General Magwood and IAEA Director-General 
Rafael Mariano Grossi met to discuss co-operation regarding 
other international fora and strategic issues.

The Agency has continued to increase its visibility through 
the participation of senior management in international 
conferences and fora such as the Clean Energy Ministerial 
(CEM). The NEA presented its findings on the costs of 
decarbonisation at a webinar hosted by CEM Nuclear 
Innovation: Clean Energy Future (NICE Future) initiative and 
the International Youth Nuclear Congress (IYNC).

NEA senior staff participated in the 26th UN Climate 
Change Conference of the Parties (COP 26) in Glasgow, 
United Kingdom, to shed light on nuclear energy’s role in 
addressing climate change. NEA Director-General Magwood 
presented NEA’s findings related to the role of nuclear power 
in achieving decarbonisation goals during his keynote at the 
Planet Budapest 2021 Sustainability Summit in November.  

Liaising with industry associations 
and other stakeholders
In the course of 2021 the NEA Director-General and senior 
staff had various meetings to exchange on key nuclear issues 
with industry associations, including with the Japanese 
Atomic Energy Association ATENA and Central Research 
Institute of Electric Power Industry (CRIEPI), Framatome, 
World Nuclear Association (WNA) FORATOM and the World 
Association of Nuclear Operators (WANO). The latter has 
expressed its interest in renewing the Memorandum of 
Understanding, which expires in 2022.

Following the adoption of the 2023-2028 Strategic Plan, 
the NEA Secretariat started to develop a more overarching 
strategy to engage with the private sector.

Contact:
Gabriella Palos
Policy Analyst 
+33 (0)1 73 21 28 06 
gabriella.palos@oecd-nea.org

Meeting with high-level 
officials, 20 September 2021 
on the margins of  
the  65th IAEA General 
Conference in Vienna, 
Austria.

mailto:gabriella.palos@oecd-nea.org
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GENERAL INFORMATION

The Nuclear Energy Agency (NEA) is a semi-autonomous 
body of the Organisation for Economic Co operation 
and Development. OECD member countries wishing to 
participate in the activities of the Agency must make a formal 
request to join. In 2021, the NEA had 34 member countries:

Argentina

Australia

Austria

Belgium

Bulgaria

Canada

Czech Republic

Denmark

Finland

France

Germany

Greece

Hungary

Iceland

Ireland

Italy

Japan

Korea 

Luxembourg

Mexico

Netherlands

Norway

Poland

Portugal

Romania

Russia (suspended)

Slovak Republic

Slovenia

Spain

Sweden

Switzerland

Türkiye

United Kingdom

United States

In addition, in 2020, Bulgaria completed the steps 
necessary to join as a member country of the NEA and its 
Data Bank on January 2021.

The NEA is governed by the Steering Committee for 
Nuclear Energy. This committee is primarily made up of 
senior officials from national atomic energy authorities and 
associated ministries. It oversees and shapes the work of the 
Agency to ensure its responsiveness to member countries’ 
needs, notably in establishing the biennial programmes of 
work and budgets. It approves the mandates of the seven 
standing technical committees and one management board 
(see p. 94).

In 2021, the members of the Bureau of the Steering 
Committee for Nuclear Energy were:

 • Dr Marta ŽIAKOVÁ (Slovak Republic), Chair

 • Dr Won-Pil BAEK (Korea), Vice-Chair

 • His Excellency Mr Jean-Louis FALCONI (France), Vice-
Chair as of 7 October 2021

 • Ms Anne LAZAR-SURY (France), Vice Chair until 7 July 2021

 • Mr KINJO Shinji (Japan), Vice-Chair

 • Dr Fiona RAYMENT (United Kingdom), Vice-Chair

 • Mr James WARDEN (United States), Vice-Chair

The standing technical committees and the 
management board of the Data Bank are composed of 
member country experts and technical specialists. These 
NEA bodies constitute a unique feature and important 

strength of the NEA, providing flexibility for adapting to new 
issues and helping to achieve consensus rapidly. Their main 
areas of work are listed in the chart (see p. 94).

In 2021, the Chairs of the standing technical committees 
and the management board of the Data Bank were:

 • Mr Patrick LEDERMANN (France), NDC Chair

 • Mr Jean-Christophe NIEL (IRSN, France), CSNI Chair

 • Mr Petteri TIIPPANA (STUK, Finland), CNRA Chair

 • Dr Thierry SCHNEIDER (CEPN, France), CRPPH Chair

 • Mr Hiroyuki UMEKI (NUMO, Japan), RWMC Chair

 • Ms Haidy TADROS (CNSC, Canada), CDLM Chair

 • Dr Kemal O. PASAMEHMETOGLU (INL, United States), 
NSC Chair

 • Prof. Gert VAN DEN EYNDE (SCK•CEN, Belgium), 
MBDAV Chair

 • Mr Roland DUSSART-DESART (SPF Économie, Belgium), 
NLC, Chair

Participation in the work of the Agency by non-member 
countries is an established practice. Engaging with Partners 
can also help NEA members better understand and address 
at a global level diverse policy and technology challenges, 
ranging from the enhancement of nuclear safety of existing 
and future nuclear power plants to the promotion of talent, 
skills and labour. Closer co-operation may lead to the 
consideration of new NEA membership in the long term, in  
accordance with the criteria set out in the NEA Strategic Plan.

In line with the evolving global landscape, the NEA has 
sought to carry out a targeted strengthening of its outreach 
in 2021 despite the reduced possibility of physical contact 
and travel due to the COVID-19 pandemic. Strategic working 
relationships with selected Key Partners (Brazil, China and 
India) and others remain important to ensure the continuing 
global relevance of the NEA’s work. Partners are already 
involved in many aspects of the NEA’s work, in part through 
participation in meetings of the Steering Committee and 
its subsidiary bodies as well as high-level discussions on 
the occasion of physical and virtual visits and through joint 
projects and information exchange programmes, which 
enable interested NEA member countries and Partners to join 
forces in carrying out studies and benchmarking exercises on 
a cost-sharing basis. Co-operation also takes place through 
the international initiatives for which the NEA provides 
technical secretariat support such as the International 
Framework for Nuclear Energy Cooperation (IFNEC). NEA 
publications and reports freely available online provide an 
important means of outreach for sharing the conclusions of 
NEA work with Partners, which are encouraged to consult 
them. Finally, the NEA also engages with non-Members 
through international fora such as the COP meetings, the 
Clean Energy Ministerial conferences, the G7 and the G20, 
regional events, as well as through other international fora in 
the fields of energy security and climate change.

Structure of the NEA
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NEA COMMITTEE STRUCTURE IN 2021

Steering Committee for Nuclear Energy

CSNI Programme 
Review Group 

(CSNI PRG)

Working Group  
on Risk Assessment 

(WGRISK)

Working Group 
on Analysis and 
Management of 

Accidents 
(WGAMA) 

Working Group  
on Integrity and 

Ageing of  
Components  

and Structures 
(WGIAGE)

Working Group  
on Human  

and Organisational 
Factors  

(WGHOF)

Working Group  
on Fuel Safety  

(WGFS) 

Working Group  
on Fuel Cycle Safety 

(WGFCS)

Working Group  
on External Events 

(WGEV)

Working Group  
on Electrical  

Power Systems 
(WGELEC)

Committee  
on the Safety  

of Nuclear  
Installations

CSNI

Working Group on 
Safety Culture  

(WGSC)

Working Group  
on Inspection 

Practices  
(WGIP)

Working Group on 
Operating Experience  

(WGOE)

Working Group on  
the Regulation  

of New Reactors 
(WGRNR)

Working Group  
on the Safety of 

Advanced Reactors 
(WGSAR) 

Working Group 
on Digital 

Instrumentation  
and Control  

(WGDIC)

Working Group on 
Codes and Standards 

(WGCS) 

Working Group  
on Public  

Com mu nication of 
Nuclear Regulatory 

Organisations  
(WGPC)

Working Party 
on Boiling Water 

Reactors  
(WPBWR)

Committee 
on Nuclear 
Regulatory 
Activities

CNRA

Regulators’ Forum  
(RF)

Forum  
on Stakeholder 

Confidence  
(FSC)

Working Party on 
Information, Data 
and Knowledge 
Management 
(WP-IDKM) 

Expert Group on 
the Application of 

Robotics and Remote 
Systems in  

the Nuclear Back-end 
(EGRRS) 

Expert Group on 
Building Constructive 
Dialogues between 

Regulators and 
Implementers in 

Developing Disposal 
Solutions for 

Radioactive Waste 
(RIDD) 

Integration Group  
for the Safety Case 

(IGSC)

Radioactive  
Waste 

Management 
Committee

RWMC

High-Level Group  
on Low Dose  

Research  
(HLG-LDR) 

Expert Group  
on International 

Recommendations 
(EGIR)

Expert Group 
on Recovery 
Management  

(EGRM)

Expert Group on  
the Dose Limit for 

the Lens of the Eye 
(EGDLE)

Working Party  
on Nuclear  
Emergency  

Matters  
(WPNEM)

Committee  
on Radiological 
Protection and 
Public Health

CRPPH

Working Party  
on Deep Geological 

Repositories and 
Nuclear Liability 

(WPDGR)

Working Party  
on the Legal Aspects 

of Nuclear Safety 
(WPLANS)

Working Party  
on Nuclear Liability 

and Transport  
(WPNLT)

Nuclear Law 
Committee

NLC

Task Force  
on Demonstration  

of Fuel Cycle Closure 
including Partitioning 

and Transmutation 
(P&T) for Industrial 
Readiness by 2050 

(TF-FCPT) 

Working Party  
on International  

Nuclear Data 
Evaluation  

Co-operation  
(WPEC)

Working Party  
on Scientific Issues  

of the Fuel Cycle 
(WPFC)

Working Party  
on Materials Science 

Issues in Nuclear 
Fuels and Structural 

Materials  
(WPFM)

Working Party  
on Nuclear  

Criticality Safety 
(WPNCS)

Working Party  
on Scientific  

Issues of Reactor 
Systems  
(WPRS)

Nuclear  
Science  

Committee

NSC

Joint Evaluated 
Fission and  

Fusion (JEFF) Nuclear 
Data Library  

Co-ordination Group

Management 
Board for the 
Development, 
Application  

and Validation 
of Nuclear  

Data and Codes
 

MBDAV
Regulators’ Forum  

(RF)

Forum  
on Stakeholder 

Confidence  
(FSC)

Working Party  
on Management 

and Organisational 
Aspects of 

Decommissioning and 
Legacy Management 

(WPMO) 

Expert Group 
on Costing for 

Decommissioning of 
Nuclear Installations 

and Legacy 
Management  

(EGCDL)

Working Party  
on Technical, 

Environmental and 
Safety Aspects of 

Decommissioning and 
Legacy Management 

(WPTES) 

Expert Group  
on a Holistic Process 
for Decision Making  
on Decommissioning  

and Management  
of Complex Sites 

(HDCS)

Committee on 
Decommission-
ing of Nuclear 
Installations 
and Legacy 

Management

CDLM

Committee for 
Technical and 

Economic Studies 
on Nuclear Energy  
Development and 

the Fuel Cycle
 

NDC

Working Party on  
Nuclear Energy Economics 

(WPNE) 

Joint NEA/IAEA Group  
on Uranium (UG)

Ad Hoc Expert Group 
on Climate Change: 
Assessment of the 

Vulnerability of Nuclear 
Power Plants and Cost  

of Adaptation  
(NUCA) 

Ad Hoc Expert  
Group on the Role and 
Economics of Nuclear  

Co-generation in  
a Low-carbon Energy  

Future (COGEN) 

Ad Hoc Expert Group  
on Maintaining Low-Carbon 

Generation Capacity  
through LTO of Nuclear 

Power Plants: Economic, 
Technical and Policy  

Aspects (LTO)
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Nuclear technology 
development and 
economics

Advanced Nuclear 
Reactor Systems and 
Future Energy Market 
Needs

NEA No. 7566. 76 pages.

Available online at:  
https://oe.cd/4k3

Energy markets will be significantly 
different in the future. The electricity 
generation system is becoming more 
diverse with the development of energy-
related technologies including renewable 
energy sources, storage technologies 
and demand-side management. Beyond 
the electricity sector, various low-carbon 
energy technologies are being developed to 
respond to the need to decarbonise hard-
to-abate sectors such as heavy industry and 
long-distance transportation.

In this report the NEA investigates the 
changing needs of energy markets and the 
potential role of nuclear technologies as 
low-carbon energy sources. Focusing on 
the technical characteristics of advanced 
nuclear reactor systems, including 
Generation III/III+ reactors, small modular 
reactors and Generation IV reactors, it 
explores the ways these advanced nuclear 
technologies could address the future 
energy market needs. The conclusion is 

that advanced nuclear reactor systems, 
while complying with the flexibility 
requirements of the electricity grid and 
supporting system reliability, have a large 
potential as alternative low-carbon energy 
sources for residential and industrial heat 
supply and hydrogen production.

Climate Change: 
Assessment of the 
Vulnerability of Nuclear 
Power Plants and 
Approaches for their 
Adaptation

NEA No. 7207. 154 pages.

Available online at: https://oe.cd/n4k1

Climate change will create specific risks 
and challenges for nuclear power plants 
and the electricity system as a whole. 
Extreme weather events caused by climate 
change – such as floods, storms, heat 
waves and droughts – have already affected 
the operation of nuclear power plants. Any 
increase in the temperature of the water 
used to cool nuclear power plants can also 
lead to reductions in their power output due 
to decreasing thermal efficiency. 

This report sets out the adaptation 
strategies that can be effectively 
implemented to improve the resilience 
of existing plants as well as any new 
installations. The costs of adaptation to 
climate change can vary significantly 
depending on the type of reactor, the 
climate change issues affecting them, 
as well as the applicable regulations and 

standards. However, while these adaptation 
costs can, in some cases, be significant, 
the costs of inaction – both directly at the 
plant level and indirectly for the electricity 
system – are likely to be even higher.

Ensuring the Adequacy  
of Funding Arrangements 
for Decommissioning 
and Radioactive Waste 
Management

NEA No. 7549. 236 pages.

Available online at: https://oe.cd/4k2

The world’s nuclear power reactors are 
ageing, with the majority approaching the 
end of their planned operational lifetimes 
in the coming years. The adequacy of 
funding for decommissioning and radioac-
tive waste management (RMW) thus 
increasingly commands the attention of 
decision-makers. 

This report by the OECD Nuclear Energy 
Agency (NEA) combines a solid conceptual 
framework with the insights from twelve 
case studies of NEA member countries to 
propose a new approach to the adequacy of 
funding that is both robust and flexible. 

Current funding systems in NEA countries 
are overall adequate. The challenges ahead 
however are formidable: decommissioning 
and RWM are moving from design to imple-
mentation, returns on assets are low and 
societal preferences can evolve. The very 
long-term nature of the solutions, in par-
ticular for radioactive waste disposal, is also 

Nuclear Technology Development and Economics

2021

NNEEAA

Advanced Nuclear 
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and Future Energy 

Market Needs

Nuclear Technology Development and Economics 

2021
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NEA PUBLICATIONS AND BROCHURES PRODUCED IN 2021

All NEA publications are available free of charge on the NEA website.

General interest

NEA News
2020 – No. 38.1

In this issue:

Reducing the construction costs of nuclear power 

Management and disposal of high-level  
radioactive waste: Global progress and solutions 

GNDS: A standard format for nuclear data 

and more...

NEA News, No. 38.2

NEA No. 7600. 36 pages.

https://oe.cd/nea-news-38-2

uclear  
nergy  

gency

Nuclear Energy Agency 

28 pages.

Available online at:  
http://oe.cd/neabrochure

Fukushim
a D

aiichi N
uclear P

ow
er P

lant A
ccident, Ten Years O

n: P
rogress, Lessons and C

hallenges

NNEEAA

Fukushima Daiichi Nuclear Power 
Plant Accident, Ten Years On

Progress, Lessons and Challenges

Fukushima Daiichi Nuclear Power 
Plant Accident, Ten Years On 

Progress, Lessons and Challenges

NEA No. 7558. 80 pages.

Also available in Japanese

https://oe.cd/4kb

Nuclear Power in 2020

NEA Activities by Sector

General Information

2020 NEA
Annual Report

Annual Report 2020

NEA No. 7568. 96 pages.

http://oe.cd/nea-2020-en

Rapport annuel 2020

AEN n° 7569. 96 pages.

http://oe.cd/nea-2020-fr

https://oe.cd/4k3
https://oe.cd/n4k1
https://oe.cd/4k2
https://oe.cd/nea-news-38-2
http://oe.cd/neabrochure
https://oe.cd/4kb
http://oe.cd/nea-2020-en
http://oe.cd/nea-2020-fr
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not easily compatible with the economic 
lifetimes of the original liability holders.

This requires that all elements of the 
system – accrued funds, expected future 
returns, the lifetimes of nuclear power 
plants, the expected costs of politically 
sustainable technical solutions and the lia-
bilities for residual risks – are reviewed and 
realigned at regular intervals. 

Complementing existing approaches with 
such a circular approach will strengthen 
funding arrangements and ensure their ade-
quacy for decades to come. 

Long-Term Operation of 
Nuclear Power Plants and 
Decarbonisation 
Strategies

NEA No. 7524. 152 pages.

Available online at:  
https://oe.cd/EGLTO

The existing nuclear fleet remains the 
largest low-carbon source of electricity 
generation in OECD countries. In 2021 the 
average nuclear power plant had already 
been operating for 31 years and some 
30% of reactors worldwide were already 
operating under long-term operation 
conditions. The long-term operation of 
this existing nuclear capacity will be 
essential over the next decade to keep 
decarbonisation targets within reach. At 
the same time, by keeping the long-term-
operation option open, countries could 
also reap a wide-range of socio-economic 
benefits including more affordable and 
secure electricity supply. Nevertheless, an 
increasing number of reactors are being 
shut down earlier than expected due to 
policy decisions and increasing market 
pressures in some regions. 

In light of these trends, this study takes 
a holistic approach to identifying the 
key enablers for long-term operation of 
nuclear power plants. The attractiveness 
of long-term operation lies in its technical 
maturity, cost-competiveness and ease of 
implementation: it is a high-value option 
to support the energy transition while 
minimising potential risks along the way.

Nuclear Energy Data 
2020/Données sur 
l’énergie nucléaire 2020

NEA No. 7556. 124 pages.

Available online at:  
https://oe.cd/brownbook

Nuclear Energy Data is the Nuclear Energy 
Agency’s annual compilation of statistics 
and country reports documenting nuclear 
power status in NEA member countries 
and in the OECD area. Information provided 
by governments includes statistics on total 
electricity produced by all sources and 

by nuclear power, fuel cycle capacities 
and requirements, and projections to 
2040, where available. Country reports 
summarise energy policies, updates of the 
status in nuclear energy programmes and 
fuel cycle developments. 

In 2020, the COVID-19 pandemic has 
highlighted the importance of electricity 
security in modern societies. Although 
the long-term implications for electricity 
generation are difficult to assess, during the 
crisis nuclear power continued to support 
the security of supply and has been, 
together with renewables, one of the most 
resilient electricity sources. In 2019, nuclear 
power continued to supply significant 
amounts of low carbon baseload electricity, 
despite strong competition from low-cost 
fossil fuels and renewable energy sources. 
Governments committed to having nuclear 
power in the energy mix advanced plans for 
developing or increasing nuclear generating 
capacity, with the preparation of new build 
projects making progress in countries such 
as Finland, Hungary, Türkiye, the United 
Kingdom and Russia. Further details on 
these and other developments are provided 
in the publication’s numerous tables, graphs 
and country reports.

Nuclear Energy in  
the Circular Carbon 
Economy (CCE)

A Report to the G20

NEA No. 7567. 50 pages.

Available online at: https://
oe.cd/nea-cce

This report highlights the potential role 
of nuclear in contributing to the circular 
carbon economy as a low-carbon source 
of electricity, but also as a source of heat 
and system integration services. It further 
highlights the essential role played by the 
existing nuclear reactor fleet in supporting 
the resilience of the electricity system 
through the COVID-19 crisis, and the 
significant role that the nuclear sector can 
play in post-COVID-19 recovery efforts.

As with all low-carbon technologies, a 
number of enabling policies are needed 
for nuclear power to play its full role in the 
circular carbon economy. They are outlined 
in the last section of this report. Building 
on these conclusions, G20 countries could 
take specific action in a number of areas, 
both individually and collectively.

Small Modular Reactors: 
Challenges and 
Opportunities

NEA No. 7560. 52 pages.

Available online at:  
https://oe.cd/nea-7560

Small Modular Reactors (SMRs) are 
gaining recognition among policymakers 

and industry players as a promising 
nuclear technology. SMRs can be 
defined as nuclear reactors with a power 
output between 10 MWe and 300 MWe 
that incorporate by design higher 
modularisation, standardisation and  
factory-based construction levels enabling 
more predictable delivery models based 
on the economies of series. Today, more 
than 50 concepts are under development 
covering a wide range of technology 
approaches and maturity levels. The value 
proposition of the SMR technology also 
includes potential financing and system 
integration benefits. These attractive 
features, however, rely on a business case 
that requires the development of a global 
SMR market to become economically 
viable. Large-scale deployment of SMRs 
faces several technical, economic, 
regulatory and supply chain challenges and 
will need considerable governmental efforts 
and efficient international collaborative 
frameworks to be realised in the next 
decade.

Strategies and 
Considerations for the 
Back End of the Fuel Cycle

NEA No. 7469. 68 pages.

Available online at:  
https://oe.cd/nea-7469

A wealth of technical 
information exists on nuclear fuel cycle 
options – combinations of nuclear fuel 
types, reactor types, used or spent nuclear 
fuel (SNF) treatments, and disposal 
schemes – and most countries with active 
nuclear power programmes conduct some 
level of research and development on 
advanced nuclear fuel cycles. However, 
perhaps because of the number of options 
that exist, it is often difficult for policy 
makers to understand the nature and 
magnitude of the differences between the 
various options.

This report explores the fuel cycle options 
and the differentiating characteristics of 
these options. It also describes the driving 
factors for decisions related to both the 
development of the fuel cycle and the 
characteristics resulting from implementing 
the option. It includes information on the 
current status and future plans for power 
reactors, reprocessing facilities, disposal 
facilities, and the status of research 
and development activities in several 
countries. It is designed for policy makers 
to understand the differences among the 
fuel cycle options in a way that is concise, 
understandable, and based on the existing 
technologies, while keeping technical 
discussions to a minimum.
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Nuclear safety  
and regulation

Benchmark Study of  
the Accident at  
the Fukushima Daiichi 
Nuclear Power Plant

Summary Report

NEA No. 7525. 66 pages.

Available online at: https://oe.cd/4k6

Understanding the accident at the 
Fukushima Daiichi Nuclear Power 
Plant is important for safe and timely 
decommissioning of the reactors. This 
objective, together with the development 
of better computer codes for analysis 
of severe accidents, was the aim of the 
benchmark study conducted under the 
auspices of the OECD Nuclear Energy 
Agency. Through the diversity of the 
modelling codes and approaches, and 
the use of parametric studies, it has 
been possible to identify the more likely 
scenarios that can fit with the limited data 
available from the accident. The insights 
gained from the project will help guide 
research into severe accident behaviour, 
improve severe accident computer codes, 
develop accident mitigation and response 
at nuclear power plants, support regulatory 
oversight related to severe accidents, and 
inform policies on the development and 
deployment of nuclear technology.

CSNI Technical Opinion 
Paper No. 18 
Seismic Probabilistic 
Safety Assessment for 
Nuclear Facilities

NEA No. 7486. 36 pages.

Available online at:  
https://oe.cd/4k4

Seismic probabilistic safety assessment 
(SPSA) is a systematic method for 
examining and evaluating the risk from 
earthquake-initiated accidents. The 
significant advances in the area of SPSA 
since the initial publication in 2002 of 
Technical Opinion Paper No. 2: Seismic 
Probabilistic Safety Assessment for 
Nuclear Facilities by the OECD Nuclear 
Energy Agency have prompted its revision. 
The objective of this report is to provide 
the up-to-date international view on the 
state of the SPSA as it is currently being 
applied, including a description of the main 
elements of SPSA. While the uncertainties 
associated with seismic hazard and the 
determination of seismic failure probabilities 
are typically large, the inclusion of SPSA 
in a risk assessment results in a more 
complete risk picture, and thus enables 
more meaningful PSA applications.

Long-Term Management 
and Actions for a Severe 
Accident in a Nuclear 
Power Plant

Status Report

NEA No. 7506. 208 pages.

Available online at: https://oe.cd/3MW

As the Fukushima Daiichi nuclear power 
plant (NPP) accident illustrates, many 
challenges have to be faced in maintaining 
safety over the long term in a damaged 
NPP following a severe accident. These 
comprise maintaining and monitoring 
a stabilised and controlled state of the 
damaged plant; implementing provisions 
against further failures; evaluating the 
plant damaged state from a physical and 
radiological standpoint and ranking related 
risks; preparing and achieving fuel retrieval 
(either fuel assemblies stored in spent 
fuel pools or fuel debris from damaged 
reactors); and managing safely plant 
recovery and accident waste. All these 
actions are to be conducted protecting plant 
personnel from radiation exposure. 

This status report reviews knowledge 
and experience gained through long-term 
management (LTM) of the Three Mile 
Island, Chernobyl and Fukushima Daiichi 
accidents, by identifying and ranking main 
issues and knowledge gaps. It also reviews 
the existing regulations and guidance, 
practices, technical bases and issues 
considered in member countries of the 
Nuclear Energy Agency regarding LTM of 
a severely damaged nuclear site. Finally, 
it proposes recommendations and areas 
for future investigation to enhance LTM of 
an NPP as regards necessary knowledge 
and provisions development, particularly 
for the optimisation of management of 
contaminated cooling waters.

Nuclear Safety Research 
Support Facilities for 
Existing and Advanced 
Reactors: 2021 Update

NEA No. 7565. 100 pages.

Available online at:  
https://oe.cd/4k7

Experimental facilities in nuclear energy 
are key to addressing safety issues. The 
recent loss of some critical infrastructure, 
from facilities to industry expertise, has 
therefore become a concern for many 
countries. In response, the Nuclear Energy 
Agency (NEA) has launched several efforts 
to address the matter as outlined in this 
report. Current safety issues, research 
needs and research facilities associated 
with currently operating water-cooled 
reactors in NEA countries are all addressed. 
Also included is an assessment of the 
present needs to maintain experimental 
databases. The Senior Group of Experts 
on Nuclear Safety Research, which 
produced this update of the 2007 report 
on the same issue, noted the success 
of previous reviews in helping maintain 
critical infrastructure and make a number of 
recommendations to preserve key research 
facilities and capabilities.

Radiological protection 
and human aspects of 
nuclear safety

Methods for Assessing 
and Strengthening  
the Safety Culture  
of the Regulatory Body

NEA No. 7535. 106 pages.

Available online at:  
https://oe.cd/nea-7535

It is essential that organisations in the 
nuclear community maintain a healthy 
safety culture to achieve common 
goals regarding the safe operation of 
nuclear facilities and the safe use of 
nuclear material. Regulatory bodies 
are no exception, as a key element 
of the interconnected system which 
includes licensees, research institutions, 
technical support organisations, as well 
as governmental organisations and 
other stakeholders. By their very nature, 
regulatory bodies deeply influence the 
safety culture and the safety of the 
organisations they regulate and oversee. 
Based on their regulatory strategy, the way 
they carry out their daily oversight work, 
the type of relationship they cultivate with 
licensees, the values they convey and the 
importance they give to safety, regulatory 
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bodies profoundly impact the licensees’ 
safety culture, their sense of responsibility 
for safety and, by extension, the safety of 
their installations.

Regulatory bodies apply a number of 
methods, practices and approaches to 
foster and sustain a healthy safety culture. 
This report provides an overview and 
practical examples to build the regulatory 
bodies’ safety culture competence and to 
perform self-reflection and self-assessment 
with regard to their own safety culture 
and its impact on the safety culture of 
the organisations they oversee. Drawing 
directly from the experiences from OECD 
Nuclear Energy Agency member countries, 
the report discusses effective methods to 
disseminate safety culture throughout the 
regulatory body, to build competence in 
safety culture, and to develop self-reflection 
and self-assessment activities. Finally, the 
report presents ten conclusions based on 
lessons learnt and best practices to inspire 
managers to continuously develop their 
regulatory body’s safety culture.

Occupational Exposures 
at Nuclear Power Plants

Twenty-Eighth Annual 
Report of the ISOE 
Programme, 2018

NEA No. 7536. 134 pages.

Available online at: https://isoe-network.
net/publications/pub-resources/pub-annual-
reports/4583-isoe-annual-report-2018/file.html

This 28th Annual Report of the International 
System on Occupational Exposure (ISOE) 
Programme presents the status of the 
Programme for the year of 2018.

As of 31 December 2018, the ISOE 
programme included 76 Participating 
Licensees  in 31 countries (352 operating 
units; 61 shutdown units; 10 units under 
construction), as well as 28 regulatory 
authorities in 26 countries. The ISOE 
database includes occupational exposure 
information for 500 units, covering over 
85% of the world’s operating commercial 
power reactors.

This report includes a global occupational 
exposure data and analysis collected 
and accomplished in the year of 2018, 
information on the Programme events and 
achievements as well as principle events in 
participating countries.

Towards a Shared 
Understanding  
of Radiological Risks

Summary Report of the 
NEA Stakeholder 
Involvement Workshop on 
Risk Communication

NEA No. 7554. 74 pages.

Available online at: https://oe.cd/nea-7554

The decisions made about exposure to 
ionising radiation tend to be driven by 
subjective judgements about the health 
risks that radiation exposure may cause. In 
order to reach decisions that are effective 
and sustainable, it is essential for nuclear 
safety regulators, governments, nuclear 
facility operators and other nuclear energy 
decision makers to communicate scientific, 
technical and regulatory information 
regarding radiological and other risks to 
all stakeholders. Communicating such 
information can be complex since people 
judge and evaluate risks differently 
depending on the context and on their 
perceptions of risk.

In this context, the Nuclear Energy 
Agency (NEA) organised the “Stakeholder 
Involvement Workshop on Risk 
Communication: Towards a Shared 
Understanding of Radiological Risks” in 
September 2019. The workshop provided 
an opportunity for participants to share 
perspectives and lessons learnt in risk 
communication, identifying what has been 
effective and what has been less effective 
in the various cases. By understanding 
how situation-specific factors influence 
risk communication, a common framework 
addressing such circumstances can begin 
to emerge.

This report attempts to capture the 
collective wisdom generated over the three 
days of interactions in the hope that the 
knowledge gained from this workshop will 
benefit governments and citizens alike.

Nuclear science  
and Education

The Nuclear Education, 
Skills and Technology 
(NEST) Framework

Strategy for Gender 
Balance

8 pages.

Available online at:  
https://oecd-nea.org/NEST-gender

Nuclear law

Nuclear Law Bulletin 
No. 105

Volume 2020/2 

NEA No. 7534. 120 pages.

Available online at:  
https://oe.cd/nea-nlb-105

The Nuclear Law Bulletin is a unique inter-
national publication for both professionals 
and academics in the field of nuclear law. 
It provides readers with authoritative and 
comprehensive information on nuclear 
law developments. Published free online 
twice a year in both English and French, 
it features topical articles written by 
renowned legal experts, covers legislative 
developments worldwide and reports on 
relevant case law, bilateral and international 
agreements as well as regulatory activities 
of international organisations.

Feature articles and studies in this 
issue include: “Environmental impact 
assessments and long-term operation 
of nuclear power reactors: increasing 
importance of environmental protection in 
the European Union?”, “Forging a clear path 
for advanced reactor licensing in the United 
States: approaches to streamlining the NRC 
environmental review process” and “Slovak 
legal system for ensuring feasible nuclear 
back-end system implementation”.
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Publications of 
Secretariat-serviced 
bodies

 Generation IV 
International Forum (GIF) 
Annual Report 2020

90 pages.

Available online at:  
https://bit.ly/GIF-AR20

This thirteenth edition of the Generation 
IV International Forum (GIF) Annual 
Report covers 2020. In 2020, the GIF, 
as have all, had to adapt its way of 
working to the worldwide COVID-19 
pandemic situation. In the face of this, 
all GIF members made their best efforts 
to produce deliverables and fulfil their 
objectives in an optimized manner. 

In 2020 the GIF organization started its 
transition towards a new communications 
approach through a rebranding of its 
logo and website. This transitional phase 
will lead the Generation IV International 
Forum to a new approach in line with the 
current situation: more virtual meetings 
and exchanges; a powerful and updated 
GIF website to ease and simplify 
interactions between members; and regular 
communication through high standard 
monthly webinars and newsletters. 
Thus the GIF is ready to enter its third 
decade of existence in the particular 
context of a new energy paradigm and 
an unpredictable sanitary situation.

 Generation IV 
International Forum (GIF) 
Nuclear Energy: An ESG 
Investable Asset Class

September 2021

133 pages.

Available online at:  
https://www.gen-4.org/gif/jcms/c_179256/
gif-final-esg-010921

This report has been produced by a finance 
industry taskforce set up in 2020 by the 
Economic Modelling Work Group (EMWG) 
of the Generation IV International Forum 
(GIF) to consider the nuclear industry’s 
ability to report against Environmental, 
Social and Governance data collection and 
accounting metrics (ESG). Reporting well 
against ESG allows nuclear energy to be 
considered as an investable asset class; 
thereby allowing nuclear companies and 
projects to access climate finance.  
The report has been produced 
by the finance community for 
the finance community.

The report establishes not only how 
nuclear energy, as an asset class, has 
the potential to report well against a 
wide range of ESG; it highlights the 
importance of wide ranging, consistent and 
standardised ESG reporting to determine 
the credentials of all energy companies 
across their lifecycles and throughout their 
supply chains. The report discusses how 
ESG fit within international frameworks, 
including the UN Framework Convention 
on Climate Change (1992), the Kyoto 
Protocol (1997) and the Paris Agreement 
(2015), and how ESG are linked to the 
Green Bond Principles, while examining the 
relationship between ESG and the various 
taxonomies and other policy documents 
being developed around the world.

Multinational Design 
Evaluation Programme 
(MDEP) Annual Report:
April 2018-April 2019

MDEP report.  
28 pages.

Available online at:  
https://oe.cd/4k9

Workshop on Challenges 
and Opportunities Facing 
Nuclear Energy in an 
Energy Transitions 
Context: Innovation and 
Actions to Advance 
Clean Nuclear Energy

13-14 November 2018

20 pages.

Available online at: http://bit.ly/354bnSV

The seven panel sessions addressed 
many important issues, including:

 • Challenges to decarbonization in meeting 
the Paris Agreement.

 • Nuclear energy crossroads and 
challenges faced by countries backing 
away from nuclear.

 • Energy future and the contribution of 
nuclear in achieving clean energy. 

 • Cost-effectiveness/competitiveness of 
nuclear energy.

 • Public perception and confidence in 
nuclear energy projects.

 • Radioactive waste management and 
disposal – multinational repositories.

 • International platforms to strengthen 
nuclear energy cooperation among 
countries.

Workshop on Nuclear 
Energy Beyond Electricity 

24 September 2019

Available online at:  
http://bit.ly/IDWGreport

32 pages.

Industrial heat production, district heating 
by cogeneration of electricity and heat, 
hydrogen and synthetic fuels for transport 
could and should be new territories 
conquered by nuclear energy, especially 
with a view to help decarbonise those 
sectors. This workshop discussed the 
broad topics of non-electric applications of 
nuclear energy, and then addressed the key 
role that high temperature reactors (HTRs) 
could play to provide both electricity and 
process heat applications. The last session 
of the workshop focused on the role of 
hydrogen, one of the most promising low 
carbon  energy vectors – which can be 
produced thanks to nuclear energy, and in 
particular from HTRs, and  discussed other 
innovations such as micro-reactors.

GEN IV International Forum 

1

More about the Generation IV International Forum:

Further details about GIF activities can be found on: https://www.gen-4.org
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NEA ONLINE EVENTS IN 2021

NEA WebChats

Olivier Gupta, Director-General, French Nuclear 
Safety Authority (ASN) – 23 March 2021

The NEA hosted an in-depth conversation with Olivier 
Gupta, Director-General of the French Nuclear Safety 
Authority (ASN), on 23 March 2021. Director-General Olivier 
Gupta, who also serves as Chair of the Western European 
Nuclear Regulators Association (WENRA), discussed 
with NEA Director-General William D. Magwood, IV 
multilateral co-operation in nuclear regulation and shared 
his perspectives on the role of the regulator in enhancing 
global nuclear safety. Their conversation also covered the 
harmonisation of nuclear safety approaches, lessons learnt 
from the Fukushima Daiichi accident and nuclear regulation 
in a post-COVID-19 world.

The video recording of this WebChat is available at: https://
youtu.be/WNARJq951zk 

Larissa Shasko and Stephen King, Nuclear Education, 
Skills and Technology (NEST) Framework Fellows –  
8 April 2021

The NEA hosted a discussion with NEST Fellows Larissa 
Shasko and Stephen King to explore the importance of 
education, training, and knowledge management to the 
nuclear sector. Dr Antonella Di Trapani, Head of the NEA 
Nuclear Education Team, engaged in a discussion with 
the fellows about their NEST experiences and the value 
they have seen thus far from their participation in the 
programme. Afterwards, these representatives of the next 
generation nuclear experts had a conversation with NEA 
Director-General William D. Magwood, IV on the future of 
nuclear energy.

The video recording of this WebChat is available at: https://
youtu.be/ypFh5uELN04

Expert Roundtables

NEA-IFNEC Financing Initiative 1 – Issues in the 
Financing of Nuclear New Build –  
14 et 15 January 2021

Under the oversight of its Nuclear Development Committee 
(NDC), the NEA is preparing a report on financing 
frameworks for Nuclear New Build (NNB) in OECD countries. 
The key objectives of this report will review the challenges 
facing new nuclear financing in OECD countries, analyse 
good practices in terms of the allocation and management 
of construction and market-related risks, and explore how 
proposed financing frameworks and policy interventions 
can best support nuclear new build in today’s electricity 
markets.

In parallel, the Polish Ministry of Climate and Environment, 
the International Framework for Nuclear Energy 
Cooperation (IFNEC) and the OECD Nuclear Energy 
Agency (NEA) share a common interest in issues related to 
innovative nuclear financing and have decided to cooperate 
through a series of joint events.

This initiative began with a kick-off technical workshop on 
14-15 January 2021 to assess the state of nuclear financing 
and discuss a number of key issues at a conceptual level. 
With the following session themes, the technical workshop 
brought together key experts from government, industry 
and academia to discuss fundamental issues pertaining to 
nuclear new build financing.

Thursday 14 January 2021

General Introduction

Speakers:

 • Adam Guibourgé-Czetwertyński, Undersecretary of State 
for Climate and Environment of the Republic of Poland

 • William D. Magwood, IV, NEA Director-General

 • Aleshia Duncan, Chair, IFNEC

 • Patrick Ledermann, Chair, NEA Nuclear Development 
Committee

Session 1: Delivering investments in low-carbon 
technologies in line with long-term decarbonisation 
objectives

This session addressed the challenges facing investments 
in capital-intensive low-carbon technologies, and in 
particular new nuclear. This includes the ability for today’s 
electricity markets to deliver the long-term price signal 
required to drive these investments (including through 

NEA web-based events: A typology

•  NEA WebChat: An online dialogue led by Director-General William D. Magwood, IV with leaders in the sector 
on the major issues of the day, open to the public.

•  Expert Roundtable: A roundtable conversation with experts and an extended Q&A session, aimed at a 
specialist audience, open to the public. 

•  NEA Webinar: Presentation of recent NEA work, usually the release of an NEA flagship publication, for a 
general audience, open to the public.

•  Online Workshop/Meeting: A traditional NEA meeting or workshop held remotely, open to NEA delegates.

https://youtu.be/WNARJq951zk
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carbon pricing), implications from changes in the global 
macroeconomic context with historically low treasury 
bonds yields, as well as insights from the economic 
literature on private and social discount rates to guide 
policy interventions toward large infrastructure projects.

Speakers:

 • David Newbery, Emeritus Professor and Director of the 
Energy Policy Research Group (EPRG), University of Cambridge

 • Laszlo Varro, Chief Economist, IEA

 • Cécilia Tam, Team Leader, Clean Energy Finance and 
Investment Mobilisation, OECD

 • François Dassa, Head of Prospective and International 
Relations, EDF

 • Fabien Roques, Associate Professor, Dauphine University & 
Executive Vice President, Compass Lexecon

Session 2: Specificities of nuclear new build financing 
and core principles for risk allocation

This session addressed the different risk dimensions of 
nuclear new build projects, with a focus on different risks 
during the construction period, and how these risks are 
related to the technological and industrial maturity of a 
given nuclear reactor type. A key underlying issue relates 
to how these risks can be effectively allocated to the 
different stakeholders, the importance of aligning interests 
across those different parties, and the expected impacts 
on the cost of capital. In addition, financial frameworks 
are also driven by two important considerations that will 
be discussed: First, how financial institutions address 
those risks, including as part of ongoing developments 
on so-called “green” taxonomies and, more generally, 
ESG criteria. Second, trends in the economic conditions 
and industrial organisation of the electricity sector mean 
that utilities are increasingly unable to carry new nuclear 
projects on their balance sheet, which influences the choice 
of financial frameworks.

Speakers:

 • John Parsons, Senior Lecturer, MIT

 • Mike Middleton, Independent Consultant & Former Chair, 
OECD/NEA REDCOST Expert Group

 • Fiona Reilly, Managing Director, FiRe Energy Ltd

 • Steven Vaughan, Co-Head of Power, Rothschild & Co

The video recording is available at: https://youtu.be/
NPMEAHtH8Do

Friday 15 January 2021

Session 3: Lessons learned from financing approaches 
for recent nuclear new build and other large infra-
structure projects

This session explored lessons learnt from recent nuclear 
new build projects as well as other large infrastructure 
(so-called megaprojects) relating to the financing 
frameworks that were employed in each case. Of particular 
interest, will be the discussion of their outcomes for the 
cost of capital, the allocation of risks, the experience of 
different stakeholders and the overall success of the 
projects. Another key issue will be the strategic alignment 
of incentives, i.e., the interaction of different forms of 
financing with the corporate and legal structure as well as 
the efficiency of project management during construction.  

Speakers:

 • Edward Merrow, Founder and CEO, Independent Project 
Analysis, Inc. (IPA)

 • Lauri Piekkari, Senior Vice President, TVO

 • Raffaele Dellacroce, Senior Economist, OECD

 • Humphrey Cadoux-Hudson, Sizewell C Managing Director, 
EDF Energy

Session 4: The way forward – possible financing 
frameworks for nuclear new build in OECD countries

This session was devoted to learning from recent 
experiences and to develop perspectives for possible 
future financing frameworks for nuclear new build in OECD 
countries. It drew on ongoing discussions in key countries 
(e.g. Czech Republic, France, Poland, UK, US) as well as on 
the state of the art of the academic discussion. In particular, 
it aimed to highlight key decision criteria behind different 
financing frameworks that are currently under discussion, 
as well as key challenges that future projects will need to 
address.

Speakers:

 • Stephen Speed, Director, Nuclear, Department of Business, 
Energy & Industrial Strategy (BEIS), United Kingdom

 • Petr Kubín, Head of Strategy,  ČEZ Group

 • Jean Bensaid, Managing Director, FIN INFRA, French 
Treasury

 • Tim Stone, Chairman, UK Nuclear Industry Association

Session 5: General concluding roundtable

This concluding session aimed to provide key recommen-
dations for the future NEA report on nuclear new build 
financing and more generally discuss the next steps of the 
NEA-IFNEC nuclear new build financing initiative.

The video recording is available at: https://youtu.be/
epVL14UErJ4

Disruptive Technologies Series – From NI2050 to 
Disruptive Technologies (Bridge session) –  
16 March 2021

Innovative digital technologies are transforming whole 
industries by improving their efficiency, safety and 
reliability. It is necessary for the nuclear sector to embrace 
these disruptive technologies and to accelerate nuclear 
innovation in order to ensure the continued enhancement 
of nuclear safety and competitiveness worldwide, while 
attracting the younger generation to nuclear careers.

In this context, together with the Korea Atomic Energy 
Research Institute (KAERI) and the Korean Nuclear Society 
(KNS), the NEA organised a series of webinars to explore 
the use of disruptive technologies in nuclear applications 
and discuss the future shape of nuclear safety systems. The 
first event in the series focused on the bridge from the NEA 
Nuclear Innovation 2050 Initiative (NI2050) to Disruptive 
Technologies for Nuclear Safety Applications.

Mediator: 

 • Fiona Rayment, Chief Science and Technology Officer, UK 
National Nuclear Laboratory (NNL)

Opening remarks:

 • William D. Magwood, IV, NEA Director-General

 • Park Jin-Ho, KAERI Senior Vice President for Nuclear Safety 
Research 

 • Ha Jaejoo, KNS President 

https://youtu.be/NPMEAHtH8Do
https://youtu.be/NPMEAHtH8Do
https://youtu.be/epVL14UErJ4
https://youtu.be/epVL14UErJ4
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Introduction:

 • Philippe Guiberteau, Special Advisor for Technology Policy 
Activities (NEA)

Panellists:

 • Hamid Aït Abderrahim, Deputy Director General, SCK•CEN

 • Ramzi Jammal, Executive Vice-President and Chief 
Regulatory Operations Officer, Regulatory Operations Branch, 
Canadian Nuclear Safety Commission (CNSC)

 • Ik Jeong, Director of the Strategy Research Division, Korea 
Atomic Energy Resarch Institute (KAERI)

 • Kemal Pasamehmetoglu, Executive Director for the Versatile 
Test Reactor (VTR) Project, Idaho National Laboratory Energy 
Resarch Institute

The video recording is available at: https://youtu.be/49O6tjBD-sA 

Disruptive Technologies Series – Using Disruptive 
Technology for Nuclear Safety Applications (Technical 
session #1) – 30 March 2021

The second in a series of webinars with the Korea Atomic 
Energy Research Institute (KAERI) and the Korean Nuclear 
Society (KNS) provided an overview of emerging digital 
technologies and key factors affecting their adoption in 
the nuclear sector. The panellists discussed the effects and 
possible implementation of these technologies for nuclear 
safety applications. They also addressed the regulatory 
viewpoints on safety innovations, as well as examples and 
lessons learnt from other industries.

Moderator: 

 • William D. Magwood, IV, NEA Director-General 

Panellists:

 • Mark Foy, Chief Nuclear Inspector, United Kingdom Office for 
Nuclear Regulation (ONR)

 • Alistair Nolan, Senior Policy Analyst, Organisation for 
Economic Co-operation and Development (OECD)

 • Jin-Ho Park, Senior Vice President of Nuclear Safety 
Research, Korea Atomic Energy Research Institute (KAERI)

 • Steven Wood, Senior Commercial Manager, Digital Catapult

The video recording is available at: https://youtu.be/
VUzK3X_yEbQ 

Disruptive Technologies Series – Data Innovations for 
the Future of Nuclear Safety (Technical session #2) – 
13 April 2021

The third in a series of webinars with the Korea Atomic 
Energy Research Institute (KAERI) and the Korean 
Nuclear Society (KNS) focused on digital transformation. 
Discussion centred on the prospects for data innovations 
such as artificial intelligence, augmented reality, big data, 
wireless communications and the Internet of things. 
Panellists discussed the application of data-driven 
technologies for the improvement of nuclear operations 
and continued enhancement of nuclear safety. They also 
examined the lesson learnt from the implementation of 
these technologies in other industrial sectors, such as the 
steel sector.

Moderator: 

 • Diane Cameron, Head of the NEA Division of Nuclear 
Technology Development and Economics.

Discussants:

 • Dominique Boina, Project manager, French Nuclear Safety 
Authority (ASN)

 • Vincent Champain, Senior Executive Vice President, 
Information Technology, Digital Performance and New 
Business, Framatome

 • Abhinav Gupta, Professor of Structural Engineering and 
Mechanics, North Carolina State University (NCSU), and 
Director of the Center for Nuclear Energy Facilities and 
Structures (CNEFS)

 • Ho Yong Kang, Principal Research Scientist, Electronics and 
Telecommunications Research Institute (ETRI)

The video recording is available at: https://youtu.be/hfrtRdtKZ7o 

Sustaining Experimental Capacities for Safety, 
Industry and Science: Launch of the NEA Framework 
for Irradiation Experiments (FIDES) – 20 April 2021

The NEA launched a new multilateral effort, the Framework 
for Irradiation Experiments (FIDES), to preserve and 
strengthen the global fuel and materials experimental 
capacity to the benefit of a broad community of users from 
around the world. FIDES will support the experimental 
needs of nuclear safety regulators, technical support 
organisations, research institutions and industry by 
establishing a network of research facilities in order to 
perform high-priority experiments to verify the safety 
and performance of fuels and materials. FIDES will help 
preserve the remaining facilities as well as the related 
experimental know-how for future generations. An expert 
roundtable discussion was held on 20 April 2021 to discuss 
the importance of FIDES and the experiments it will 
support. The panel addressed why the research reactors 
are essential in advancing technologies such as accident-
tolerant fuels and supporting the use of new materials in 
nuclear plants and how FIDES can help sustain the world’s 
experimental capacities. 

Moderators: 

 • William D. Magwood, IV, NEA Director-General

 • Tatiana Ivanova, Head of the NEA Division of Nuclear 
Science. 

Discussants:

 • Raymond Furstenau, Director of the Nuclear Regulatory 
Research Office, United States Nuclear Regulatory 
Commission (NRC)

 • Takehiko Nakamura, Director-General of the Nuclear Safety 
Research Center, Japan Atomic Energy Agency (JAEA)

 • Jean-Christophe Niel, Director-General of the French 
Institute of Radiation Protection and Nuclear Safety (IRSN), 
and Chair of the NEA Committee on the Safety of Nuclear 
Installations (CSNI)

 • Takanari Ogata, Deputy Director of the Nuclear Technology 
Research Laboratory, Associate Vice President, Central 
Research Institute of Electric Power Industry (CRIEPI)

 • Kemal Pasamehmetoglu, Executive Director of the Versatile 
Test Reactor Project, Idaho National Laboratory (INL), and 
Chair of the NEA Nuclear Science Committee (NSC)

 • Alexander Tuzov, Director-General of the Research Institute 
of Atomic Reactors (RIAR) and Director-General of the Institute 
of Physics and Power Engineering (IPPE)

The video recording is available at: https://youtu.be/
NVSO5NRxEFg
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Disruptive Technologies Series – Cyber Security 
Enhancements for Nuclear Safety Applications 
(Technical session #3) – 27 April 2021

The objective of the Webinar is to provide the prospects 
for data innovations and cyber security enhancements 
to address new threats and challenges that arise from 
increased use of digital technologies, such as artificial 
intelligence, wireless communications, and the Internet 
of Things.  Such technologies could have applications in 
the nuclear energy sector, but many within and outside 
the nuclear energy sector have questions about how to 
introduce – and how to regulate these digital innovations.

The panellists will discuss new challenges and opportunities 
associated with the use of data sharing technologies and 
increased connectivity in the nuclear sector. They will 
provide examples of new tools and safety standards being 
developed in order to address these new categories of risks 
and will share regulatory perspectives on cyber security for 
applications of advanced technologies.

Co-ordinator: 

 • Vladislav Sozoniuk, Senior Advisor for Special Projects to 
the Director-General (NEA)

Moderator: 

 • Diane Cameron, Head of the NEA Division of Nuclear 
Technology Development and Economics

Opening remarks: 

 • William D. Magwood, IV, NEA Director-General

Panellists:

 • Hyunjin Yoon, Senior Researcher, Electronics and 
Telecommunications Research Institute (ETRI)

 • Chul Hwan Jung, Technical Specialist, Canadian Nuclear 
Safety Commission (CNSC)

 • Jeong Ho Lee, Director of Cybersecurity Division, Korea 
Institute of Nuclear non-proliferation and Control (KINAC) 

 • Jun Young Son, Senior Engineer, Korea Atomic Energy 
Research Institute (KAERI)

 • Christopher Spirito, Nuclear Cyber Security Analyst, Idaho 
National Laboratory (INL)

NEA-IFNEC Financing Initiative 2 – The Financing of 
SMRs, Challenges and Opportunities – 18 May 2021

Small Modular Reactors (SMRs) offer a number of specific 
features that may present benefits in terms of financing. 
However, until the SMR market reaches commercial 
maturity over the next decade, the benefits will remain 
theoretical. In the meantime, specific additional financial 
support will also be required for the financing of the 
first demonstration units. This webinar focused on the 
discussion of these expected benefits, and on the potential 
paths forward for the financing of SMRs in different parts of 
the world. There was interest to discuss potential impact of 
various business models for SMR ownership and financial 
engineering. The discussion was moderated by Gloria 
Kwong, IFNEC, Head of Technical Secretariat.

Opening Remarks: William D. Magwood IV, NEA Director-
General and Aleshia Duncan, IFNEC Chair, Deputy Assistant 
Secretary for International Nuclear Energy Policy and 
Cooperation, US Department of Energy.

Session 1: Presentation of the NEA SMR Report

 • Diane Cameron, Head of the NEA Division of Nuclear 
Technology Development and Economics, 

Session 2: SMR Financing – Customers’ perspective

 • Enhancing SMR Market Development in Europe
Kalev Kallemets, CEO, Fermi Energia, Estonia

 • Challenges and Opportunities for SMR Financing in Kenya
Winnie Ndubai, Director, Strategy & Planning at the Nuclear 
Power and Energy Agency, Kenya

Session 3: SMR Financing – Vendors’ perspective

 • SMR Deployment the Decade: Good News or Fake News
Jeff Harper, Vice President for Strategy and Business 
Development, X-Energy, United States

 • SMR, the Game Changer
Jiashu Tian, General President, Hualong Nuclear Power 
Technology Co., Ltd., China

Session 4: Panel Discussion and Q&As

Closing remarks:

 • William D. Magwood, IV, NEA Director-General 

 • Aleshia Duncan, IFNEC Chair, Deputy Assistant Secretary 
for International Nuclear Energy Policy and Cooperation, US 
Department of Energy

The video recording is available at: https://youtu.be/-cFujj8xp6Q

Developing the safety case for various radioactive 
waste repositories – 24 June 2021

The safety of a deep geological repository is evaluated and 
documented in a safety case, which presents evidence, 
analyses and arguments on the quality of scientific and 
institutional processes to support decision making at each 
stage of repository development. The NEA assists its 
member countries in their needs for developing, reviewing 
and updating effective safety cases supported by a robust 
scientific-technical basis.

In this context, the NEA is planning to organise a workshop 
in Bucharest, Romania on developing safety cases for 
various radioactive waste disposal facilities. Scheduled 
to take place on 8-10 February 2022, the workshop will 
facilitate exchanges on the experiences of NEA member 
countries to better understand how the experience of deep 
geological disposal accumulated in the NEA Integration 
Group for the Safety Case (IGSC) and that of other disposal 
options can be shared in the development, use and 
communication of a safety case.

Moderators: 

 • William D. Magwood, IV, NEA Director-General 

 • Hiroyuki Umeki, Executive Director of the Nuclear Waste 
Management Organization of Japan (NUMO) and Chair of the 
NEA Radioactive Waste Management Committee (RWMC).

Discussants: 

 • Alice Mariana Dima, Director of the Nuclear Projects and 
Strategies Division, the Romanian Nuclear and Radioactive 
Waste Agency (ANDR)

 • Lucy Bailey, Head of Research Support Office, United 
Kingdom Radioactive Waste Management

 • Christopher McKenney, Chief of the Risk and Technical 
Analysis Branch, United States Nuclear Regulatory 
Commission (NRC) 

 • Virginie Wasselin, Head of the Waste Management 
Strategy Department, the French National Radioactive Waste 
Management Agency (ANDRA)

The video recording is available at: https://www.youtube.com/
watch?v=x3JNzguALtI

https://youtu.be/-cFujj8xp6Q
https://www.youtube.com/watch?v=x3JNzguALtI
https://www.youtube.com/watch?v=x3JNzguALtI
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NEA-IFNEC Financing Initiative 3 – Taxonomies, 
Environment, Social, and Governance (ESG) criteria 
and the role of nuclear energy – 19 July 2021

There has been a growing emphasis in the financial sector 
in financing sustainable infrastructure and energy projects. 
This emphasis in sustainability has led to the emergence 
of sustainable financing taxonomies and green or climate 
bonds. Several countries and regions are also developing 
their own taxonomies to align the regulation of the financial 
sector with long-term climate policy objectives. However, 
it is not yet clear how these emerging mechanisms will 
be applied to the energy sector and decarbonisation 
technologies in order to ensure a level playing field across 
projects. This webinar reviewed ongoing initiatives to 
develop a level playing field for sustainable finance and 
how nuclear power may be impacted.

Moderator: 

 • Paul Murphy, Managing Director of Murphy Energy & 
Infrastructure Consulting, LLC

Opening remarks:

 • Diane Cameron, Head of the NEA Division of Nuclear 
Technology Development and Economics, 

Panellists

 • Jessica Johnson, Communication & EU Stakeholders 
Director, FORATOM, Belgium

 • Fiona Reilly, co-Chair, Economic Modelling Working Group 
(EMWG), Generation IV International Forum

 • Babatunde Olateju, Senior Research Associate, Sustainability, 
The Conference Board of Canada (CBOC)

 • Polina Lion, Chief Sustainability Officer, Rosatom, Russia

 • Darryl Murphy, Head of Infrastructure Debt, Aviva Investors

The video recording is available at: https://youtu.be/
iu8L3H2K3T0

The Most Cost-Effective Decarbonisation Investment: 
Long-Term Operation of Nuclear Power Plants –  
29 July 2021

In 2020 nuclear energy was the largest low-carbon source 
of electricity generation in OECD countries (17%) followed 
by hydro power (14%), wind (8.5%), and solar PV (4%). In 
2021 the average nuclear power plant had already been 
operating for 31 years and some 30% of reactors worldwide 
were already operating under long-term operation 
conditions. The long-term operation of this existing nuclear 
capacity will be essential over the next decade to keep 
decarbonisation targets within reach. At the same time, by 
keeping the long-term-operation option open, countries 
could also reap a wide range of socio-economic benefits 
including more affordable and secure electricity supply. 
Nevertheless, an increasing number of reactors are being 
shut down earlier than expected due to policy decisions 
and increasing market pressures in some regions.

In light of these trends, this study takes a holistic approach 
to identifying the key enablers for long-term operation 
of nuclear power plants. The attractiveness of long-term 
operation lies in its technical maturity, cost-competiveness 
and ease of implementation: it is a high-value option to 
support the energy transition while minimising potential 
risks along the way. 

Opening remarks:

 • Diane Cameron, Head of the NEA Division of Nuclear 
Technology Development and Economics 

Moderator: 

 • Matthew Przybylowski, Canadian Regional Lead, North 
American Young Generation in Nuclear (NAYGN) and Junior 
Project Co-ordinator, Aecon Group Inc.  

Discussants:

 • Lisa Thiele, Senior General Counsel, Canadian Nuclear Safety 
Commission (CNSC) and Chair, NEA Working Party on the 
Legal Aspects of Nuclear Safety (WPCLANS)

 • Marilyn Kray, Vice President of Nuclear Strategy 1 
Development Exelon Generation

 • Petr Kubín, Head of Corporate Strategies  ČEZ

 • Stephanie Smith, President and Chief Executive Officer, 
CANDU Owners Group (CoG)

 • Antonio Vayá Soler, Nuclear Energy Analyst, Nuclear Energy 
Agency (NEA)

The video recording is available at: https://www.youtube.com/
watch?v=JItLPByGnHY

NEA-IFNEC Financing Initiative 4 – Contractual 
Structures and Incentives in Nuclear New Build – 
14 September 2021

There is increasing evidence that the timeliness of 
completion and the ability to control costs is also a 
function of the contractual structures of nuclear new 
build projects. In an overall framework of appropriate risk 
allocation, such contractual structures, on their own, as 
well as in conjunction with specific additional incentives 
(bonuses for efficient performance, penalties for exceeding 
either construction times or budgets etc.) have the power 
to influence organisation and behaviour throughout the 
value chain and to increase performance and efficiency. 
This regards the overall contract between the owner of the 
plant, the party responsible for logistics and construction 
and the provider of the key nuclear components, as well the 
detailed contractual arrangement throughout the supply 
chain. Proper planning and anticipation are necessary 
conditions for well-performing contractual structures. The 
challenge is to find the right balance between high-powered 
incentives for providers and suppliers while providing the 
necessary certainty and stability for all parties involved 
in the construction process. The purpose of the seminar 
was to provide an opportunity to present and discuss the 
performance of different contractual structures in recently 
concluded or ongoing nuclear new build projects.

Opening remarks:

 • Diane Cameron, Head of the NEA Division of Nuclear 
Technology Development and Economics

Moderator: 

 • Jan Horst Keppler,  Chief Energy Economist of the NEA 
Division of Nuclear Technology Development and Economics
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Panellists: 

 • Simon Taylor, Cambridge University

 • Milt Caplan, MZConsulting & World Nuclear Association

 • Zeina Elhami, Ontario Power Generation

 • Shawn Shaler, Southern Company

 • Jayne Gibson, Jacobs

 • John Parsons, Massachusetts Institute of Technology

 • Michel Berthélemy,  OECD Nuclear Energy Agency

The video recording is available at: https://youtu.be/
DzgTUDjnnvU

IFNEC – The Future of Spent Fuel Management –  
11 October 2021

This event presented comprehensive perspectives on 
how spent fuel will be managed in the future through the 
development of advanced fuel cycles, recognising the 
important contribution of current activities to the continued 
safe and secure use of nuclear energy.  Also discussed was 
the work that builds on the existing confidence in extended 
long term storage along with the progress in establishing 
the first deep geologic repository for the disposal of spent 
fuel. Attendees were given a window into the current state 
of spent fuel management and what that management will 
look like in the future.

Introduction and moderators: IFNEC Reliable Nuclear 
Fuel Service Working Group Co-Chairs

 • Sean Tyson 

 • Vladimir Artisyuk

 • Tomaž Žagar

Panellists: 

 • Enabling Flexibility in Spent Fuel Management Towards 
Advanced Fuel Cycles
Christophe Xerri, Director, Fuel Cycle and Waste Technology 
Division, Nuclear Energy Department, International Atomic 
Energy Agency

 • NEA Perspectives on the Advanced Fuel Cycle Issues
Tatiana Ivanova, Head of the NEA Division of Nuclear Science 
and Education

 • The German Way of Nuclear Waste Management
Silvia Stumpf, Project Management Agency/KIT p.p. BMWi

 • The Closed Fuel Cycle as a Way to Securing a Green Nuclear 
Power System
Viacheslov Pershukov, Special Representative of ROSATOM 
in International R&D Projects, Supervisor of “Proryv” Project

 • The Significance of the Back-End on Nuclear Energy 
Sustainable Development in China
Liu Jianquan, Director, Division of Nuclear and Radiation, 
CNNC Long’an Co., LTD

 • Posiva’s Trailblazing Mission to Plan and Construct a DGR Soon 
to Reach the Initial Target, Industrial Operation
Jari Makkonen, Head of Sales and Marketing, Posiva 
Solutions Oy

The video recording is available at: https://youtu.be/
kOVZiI4zZ4E

NEA – IFNEC Financing Initiatives – Concluding 
roundtable on High-level Conference on Nuclear 
Financing with the Polish Ministry of Climate and 
Environment – 23 November 2021

In 2021, NEA and IFNEC have organised a series of joint 
webinars on a number of conceptual and practical issues 
pertaining to nuclear new build financing. These events 
aimed to advance ongoing policy discussions and are 
shaping a forthcoming NEA report on financing frameworks 
for nuclear financing in OECD countries. National and 
regional conditions play an important role when defining 
financing approaches. In this context, and in collaboration 
with Poland, this NEA-IFNEC high-level conference aimed 
to focus on recent progress and policy issues for nuclear 
financing in Central and Eastern Europe. Several countries 
in the region have active nuclear new build programs – 
considering both large and small nuclear reactors – and 
with various financing schemes under consideration. In 
addition to reviewing the state of play in the region, the 
event was also an opportunity to present and discuss NEA 
conceptual approach and policy proposals in this field.

Session 1: Opening remarks 
 • Adam Guibourgé-Czetwertyński, Undersecretary of State 

for Climate and Environment of the Republic of Poland
 • William D. Magwood, IV, NEA Director-General
 • Aleshia Duncan, IFNEC Chair, Deputy Assistant Secretary 

for International Nuclear Energy Policy and Cooperation, US 
Department of Energy

Session 2: Progress with nuclear new build in Central 
and Eastern Europe and approaches to financing 

Moderators: 
 • Yves Desbazeille, Director-General, FORATOM
 • Adam Guibourgé-Czetwertyński, Undersecretary of State 

for Climate and Environment of the Republic of Poland
 • Massimo Garribba, Deputy Director General, DG ENER, 

European Commission
 • Ehler Tomáš, Deputy Minister, Ministry of Industry and Trade, 

Czech Republic
 • Pál Kovács, State Secretary responsible for maintaining the 

capacity of the Paks Nuclear Power Plant, Hungary
 • Cosmin Ghita, Chief Executive Officer, Societatea Nationala 

Nuclearelectrica, Romania
 • Danijel Levicar, Chief Operation Officer, Gen Energija, 

Slovenia

Session 3: Toward robust nuclear financing frame-
works aligned with decarbonisation objectives 

Moderators: 
 • Michel Berthélemy, Nuclear Energy Analyst, NEA
 • Jan Horst Keppler, Chief Energy Economist, NEA
 • Henri Paillère, Head, Planning and Economic Studies Section, 

IAEA
 • Chris Gadomski, Lead Analyst, Nuclear, Bloomberg New 

Energy Finance
 • William Fork, Partner, Pillsbury Winthrop Shaw Pittman LLP
 • Fiona Reilly, Managing Director, FiRe Energy Ltd

Session 4: Conclusions and next steps 
 • Zbigniew Kubacki, Counsellor, Nuclear Energy Department, 

Ministry of Climate and Environment, Poland
 • Diane Cameron, Head of Division, Nuclear Technology 

Development and Economics, NEA

The video recording is available at: https://youtu.be/
Qk0j2P4OXlc

https://youtu.be/DzgTUDjnnvU
https://youtu.be/DzgTUDjnnvU
https://youtu.be/kOVZiI4zZ4E
https://youtu.be/kOVZiI4zZ4E
https://youtu.be/Qk0j2P4OXlc
https://youtu.be/Qk0j2P4OXlc
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NEA Webinars

OECD NEA - IFNEC Joint Webinar - Strategies and 
Considerations for the Back-End of the Fuel Cycle – 
24 February 2021

The OECD Nuclear Energy Agency (NEA) and International 
Framework for Nuclear Energy Cooperation (IFNEC) hosted 
a webinar on 24 February 2021 to discuss findings of a new 
NEA report on strategy and considerations for the back-end 
of the nuclear fuel cycle.

A wealth of technical information exists on nuclear fuel 
cycle options, covering various combinations of nuclear 
fuel types, reactor types, used or spent nuclear fuel 
treatments, and disposal schemes.  To help policymakers 
understand the different fuel cycle options, the NEA Expert 
Group on Back-End Strategies (EG-BEST) examined the 
fuel cycle options and their differentiating characteristics.  
Crucial factors that affect decision-making in selecting the 
fuel cycle options were also evaluated.  

The International Framework for Nuclear Energy 
Cooperation (IFNEC) has the mission of exploring beneficial 
approaches to ensure nuclear energy use for peaceful 
purposes among participating countries. In particular, 
the IFNEC Reliable Nuclear Fuel Services Working Group 
(RNFSWG) has focused its work on evaluating multinational 
nuclear infrastructure in recent years.

The NEA EG-BEST and IFNEC RNFSWG held a joint 
webinar to disseminate their latest findings. The webinar 
aimed at providing in-depth insights for the planning and 
deployment of the nuclear fuel cycle.

Session 1: Opening remarks

 • William D. Magwood IV, NEA Director-General

 • Aleshia Duncan, IFNEC Chair, Deputy Assistant Secretary 
for International Nuclear Energy Policy and Cooperation, US 
Department of Energy

Session 2: Strategies for the Back-End of the Fuel 
Cycle 

 • Key findings from Expert Group on Back-end Strategies
William McCaughey, NEA EG-BEST Chair, Office of Nuclear 
Energy, US Department of Energy

 • An example of multinational approach to back-end strategy
Ewoud Verhoef, Chairman of the European Repository 
Development Organization (ERDO) and Deputy Director of 
COVRA, Netherlands

 • IAEA Safeguards for Geologic Repositories
Jeremy Whitlock, IAEA Section Head, Department of 
Safeguards, IAEA

 • The development of a deep geological repository in the 
Russian Federation
Vsevolod Igin, Director, Department of international cooper-
ation, National Operator on RadWaste Management, Russian 
Federation

Session 3: Panel discussion

Moderated by William McCaughey

 • Tomaž Žagar, IFNEC RNFSWG Co-Chair, President Nuclear 
Society of Slovenia

 • Cécile Evans, Marketing and Strategic Development Director, 
ORANO, France

 • Sophie Pedoux, Nuclear Analyst,SPF Économie, Belgium

 • Brent Dixon, Lead systems analyst for the Fuel Cycle 
Technologies Program, Idaho National Laboratory, US

 • William D. Magwood IV, NEA Director-General

Closing remarks:

 • William D. Magwood IV, NEA Director-General

The video recording is available at: https://youtu.be/
XueCp5swZ4U

The Fukushima Daiichi Nuclear Power Plant Accident, 
Ten Years On: Progress, Lessons and Challenges –  
3 March 2021

During 2021 the world marked 10 years since the Great East 
Japan Earthquake on 11 March 2011 and the subsequent 
Fukushima Daiichi nuclear accident. On this occasion, the 
Nuclear Energy Agency launched a report to survey the 
aftermath, lessons, and achievements in Japan and the 
global nuclear community in the decade since the accident. 
The report also analyses the current challenges stemming 
from the accident, and makes policy recommendations to 
the international nuclear community in nine different areas. 
The NEA hosted an expert roundtable to present the new 
report, review the effects of the accident and reflect on 
future perspectives. 

Moderator: 

 • William D. Magwood, IV, NEA Director-General 

Discussants:

 • Claire Cousins, Chair, International Committee for Radiation 
Protection (ICRP)

 • Ingemar Engkvist, Chief Executive Officer, World Association 
of Nuclear Operators (WANO)

 • Olivier Gupta, Director-General, the Nuclear Safety Authority 
(Autorité de Sûreté Nucléaire – ASN)

 • Richard Meserve, Senior of Counsel, Covington & Burling, 
LLP, and former Chairman of the United States Nuclear 
Regulatory Commission (NRC)

 • Hajimu Yamana, President, the Nuclear Damage 
Compensation and Decommissioning Facilitation Corporation 
(NDF)

 • Rosa Yang, EPRI Fellow, the Electric Power Research Institute 
(EPRI)

 • Mike Weightman, Consultant; former Chief Inspector of 
Nuclear Installations and Chief Executive Officer, the United 
Kingdom Office for Nuclear Regulation (ONR)

The video recording is available at: https://youtu.be/
QqN216lIKMk 
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Ensuring the Adequacy of Funding Arrangements 
for Decommissioning and Radioactive Waste 
Management – 18 June 2021

Countries around the world must prepare for the eventual 
shutdown of some older nuclear power reactors. The 
adequacy of funding for decommissioning and radioactive 
waste management thus increasingly commands the 
attention of decision makers. 

Current funding systems in NEA countries are adequate. 
Nevertheless, there are challenges as decommissioning 
and radioactive waste management programmes move to 
implementation and societal preferences evolve over time. 
The very long-term nature of the solutions, in particular 
for radioactive waste disposal can also create challenges. 

The Nuclear Energy Agency (NEA) will host an expert 
roundtable discussion on 18 June 2021 to explore findings 
from its latest report Ensuring the Adequacy of Funding for 
Decommissioning and Radioactive Waste Management. 
The report presents the insights from twelve case studies 
of NEA member countries and advances a new robust 
and flexible approach to the adequacy of funding. NEA’s 
Chief Energy Economist, Jan Horst Keppler, will provide a 
briefing on the key findings of this study. 

Moderator: 

 • William D. Magwood, IV, NEA Director-General 

Discussants:

 • Chantal Cortvriendt, Advisor, Federal Public Service 
Economy, SMEs, Middle Classes, and Energy, Belgium 

 • Bill McCaughey, Acting Director of the Office of Advanced 
Fuels Technologies, United States Department of Energy 
Office of Nuclear Energy 

 • Jean-Marc Lefeuvre, Head of the ALM division, EDF

 • Fernando Oster, Policy Officer in the Division of Nuclear 
Energy, Federal Ministry for Economic Affairs and Energy, 
Germany 

 • Rebecca Tadesse, Head of the Division of Radioactive Waste 
Management and Decommissioning, NEA

The video recording is available at: https://www.youtube.com/
watch?v=q_tTKV4XqxM

Mobilising Climate and Development Finance to  
Meet the Paris Agreement: Perspectives on Nuclear 
Energy – 9 November 2021

Meeting the objectives of the Paris Agreement will 
require economies to significantly mobilise climate and 
development finance. Multilateral development banks 
(MDBs) and International Financial Institutions (IFIs) will 
have a central part to play, and will need to focus on 
financing emissions reductions across a broad range of 
sectors and activities. Against this background, global 
installed nuclear energy capacity is expected to play an 
important and growing role in a net-zero scenario with at 
least a doubling of installed capacity. A large share of the 
growth in nuclear energy capacity is expected to be driven 
by non-OECD economies. Pathways to net zero will further 
benefit from a wave of near-term nuclear innovation – such 
as small modular reactors (SMRs) and hybrid nuclear-
renewable energy systems – that are coming to market 
within the next 5 to 10 years.

This webinar explored the role of nuclear energy in net-zero 
pathways and the availability of climate and development 
finance to support nuclear innovation to meet climate 
goals.

Speakers:

 • Nicoletta Batini, Senior Economist, International Monetary 
Fund

 • Michel Berthélemy, Nuclear Energy Analyst, OECD Nuclear 
Energy Agency

 • Neil Calder, Young Nuclear Generation Nuclear COP26 
delegation

 • Diane Cameron, Head of Division, Nuclear Technology 
Development and Economics, OECD Nuclear Energy Agency

 • Facundo Deluchi, Comisión Nacional de Energía Atómica 
Argentina

 • Babatunde (Tunde) Olateju, Principal Research Associate, 
The Conference Board of Canada (CBOC), Canada

 • Fiona Reilly, co-Chair, Economic Modelling Working Group, 
Generation IV International Forum

 • Ayumi Yuasa, Deputy Director, OECD Development Center

The video recording is available at: https://oecd-events.org/
cop26/session/18a08bc6-2e2c-ec11-ae72-a04a5e7d345e 

https://www.youtube.com/watch?v=q_tTKV4XqxM
https://www.youtube.com/watch?v=q_tTKV4XqxM
https://oecd-events.org/cop26/session/18a08bc6-2e2c-ec11-ae72-a04a5e7d345e
https://oecd-events.org/cop26/session/18a08bc6-2e2c-ec11-ae72-a04a5e7d345e
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Special events

Welcoming Bulgaria to the NEA – 19 January 2021

On 1 January 2021, Bulgaria became the 34th member of 
the OECD Nuclear Energy Agency (NEA) and its Data Bank. 
On the occasion of this accession, a special ceremony was 
held online to welcome Bulgaria to the NEA.

The Prime Minister of Bulgaria Boyko Borissov, Minister of 
Energy of Bulgaria Temenuzhka Petkova, OECD Secretary-
General Ángel Gurría and OECD Deputy Secretary-General 
Ulrik Vestergaard Knudsen, made brief statements at 
this official ceremony. NEA Director-General William D. 
Magwood, IV officiated the ceremony.

The video recording is available at: https://youtu.be/PZYrkb-_9uY 

A Global Nuclear Engineering Commencement –  
27 August 2021

The Coronavirus (COVID-19) pandemic has significantly 
interrupted many aspects of everyday life, including the 
opportunity for many students across the globe to celebrate 
their graduation through an in-person commencement 
ceremony. In 2021 many students did not receive 
traditional ceremonies and festivities, while transitioning 
or attempting to transition to professional careers at a time 
of great uncertainty and economic upheaval.

In this context, the NEA held an online event to celebrate 
and recognise the accomplishments of the graduating class 
of 2021 within the nuclear science and technology fields.

Opening remarks were delivered by NEA Director-
General William D. Magwood, IV, followed by a keynote 
address by  Richard K. Lester, Japan Steel Industry 
Professor and Associate Provost at the Massachusetts 
Institute of Technology (MIT).  The traditional charge to the 
graduates was given by Karen Astrid Hallberg, Professor of 
Physics at the Balseiro Institute and Research Director at 
the Bariloche Atomic Centre in Argentina and a salute from 
the nuclear industry was delivered by John L. Hopkins, 
Chairman and CEO of NuScale Power. 

The event also featured remarks by: 

 • Ryugo Hayano, Professor Emeritus of the University of Tokyo

 • Sylvie Retailleau, President of the Paris-Saclay University

 • Arun Khuttan, End States Engineer at Magnox Ltd and 
COP26 Lead for Youth in Nuclear

 • Ekaterina Bogdanova, Research and Development Engineer 
at the National Research Nuclear University MEPhI (Moscow 
Engineering Physics Institute)

 • Louis Martin-Vega, Dean of Engineering at North Carolina 
State University

 • Pushker A. Kharecha, Deputy Director of the Climate 
Science, Awareness, and Solutions Program at Columbia 
University Earth Institute

 • Jessica Lovering, Co-Founder and Co-Executive Director at 
the Good Energy Collective

 • Larissa Shasko, Climate Change Energy Policy Researcher 
and PhD student at Johnson Shoyama Graduate School of 
Public Policy at the University of Saskatchewan 

The video recording is available at: https://youtu.be/jdoRlxpTgSg 

Online workshops/meetings
A full list of all NEA meetings and workshops held remotely 
is available on the NEA website Delegates’ Area at www.
oecd-nea.org/tools/meeting/
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ORGANISATION FOR ECONOMIC CO-OPERATION AND DEVELOPMENT

The OECD is a unique forum where the governments of 37 democracies work together to address the economic, social 
and environmental challenges of globalisation. The OECD is also at the forefront of efforts to understand and to help 
governments respond to new developments and concerns, such as corporate governance, the information economy 
and the challenges of an ageing population. The Organisation provides a setting where governments can compare 
policy experiences, seek answers to common problems, identify good practice and work to co-ordinate domestic and 
international policies.

The OECD member countries are: Australia, Austria, Belgium, Canada, Chile, Colombia, the Czech Republic, 
Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Israel, Italy, Japan, Latvia, Lithuania, 
Luxembourg, Mexico, the Netherlands, New Zealand, Norway, Poland, Portugal, Korea, the Slovak Republic, Slovenia, 
Spain, Sweden, Switzerland, Türkiye, the United Kingdom and the United States. The European Commission takes part 
in the work of the OECD.

OECD Publishing disseminates widely the results of the Organisation’s statistics gathering and research on economic, 
social and environmental issues, as well as the conventions, guidelines and standards agreed by its members.

NUCLEAR ENERGY AGENCY

The OECD Nuclear Energy Agency (NEA) was established on 1 February 1958. Current NEA membership consists of 
34 countries: Argentina, Australia, Austria, Belgium, Bulgaria, Canada, the Czech Republic, Denmark, Finland, France, 
Germany, Greece, Hungary, Iceland, Ireland, Italy, Japan, Luxembourg, Mexico, the Netherlands, Norway, Poland, 
Portugal, Korea, Romania, Russia (suspended as of 11 May 2022), the Slovak Republic, Slovenia, Spain, Sweden, 
Switzerland, Türkiye, the United Kingdom and the United States. The European Commission and the International 
Atomic Energy Agency also take part in the work of the Agency.

The mission of the NEA is:

– to assist its member countries in maintaining and further developing, through international co operation, the 
scientific, technological and legal bases required for a safe, environmentally sound and economical use of 
nuclear energy for peaceful purposes;

– to provide authoritative assessments and to forge common understandings on key issues as input to government 
decisions on nuclear energy policy and to broader OECD analyses in areas such as energy and the sustainable 
development of low-carbon economies.

Specific areas of competence of the NEA include the safety and regulation of nuclear activities, radioactive waste 
management and decommissioning, radiological protection, nuclear science, economic and technical analyses of the 
nuclear fuel cycle, nuclear law and liability, and public information. The NEA Data Bank provides nuclear data and 
computer program services for participating countries.
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NEA publications and information 

The full catalogue of publications is available online at www.oecd-nea.org/pub.
In addition to basic information on the Agency and its work programme, the NEA website offers 
free downloads of hundreds of technical and policy-oriented reports.
An NEA monthly electronic bulletin is distributed free of charge to subscribers, providing updates 
of new results, events and publications. Sign up at www.oecd-nea.org/bulletin.
Visit us on Facebook at www.facebook.com/OECDNEA or follow us on Twitter@OECD_NEA.
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