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What is INPRO?

➢ International Project on Innovative Nuclear Reactors and 
Fuel Cycles (INPRO)

➢ Established in 2000 

➢ IAEA’s integrated, forward looking activity 

➢ 43 Countries + EС - Member

2Assessment Areas

➢ Innovation in the areas of 
• Reactors

• Nuclear fuel cycles – front-end and 
back-end

• Institutional approaches to nuclear 
power 

• Sustainable development

• National strategic and long-term 
planning

• Develop and provide tools and 
services

• Partnerships for Nuclear Futures



INPRO Methodology Key Areas
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Holistic Approach to Assess Nuclear Energy 
Systems in 6 Areas to Assure Sustainability

Infrastructure
(incl. Physical 

protection)

Economics

Safety

Environment

Waste 
Management

Proliferation

Resistance



INPRO Task Structure 

➢Task 1: Global scenarios

➢Task 2: Innovations

➢Task 3: Sustainability 

Assessment and Strategies

➢Task 4: Dialogue & Outreach
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Korean, Innovative, Environment-Friendly, and Proliferation-Resistant

System for the 21st C (KEP-21)

Benefits

• Reduce disposal space 100x

• Shortened management of 

waste to few 100 years

• Improved total uranium 

element use by factor 100x

• Provides intrinsic 

proliferation resistance

Transportable NPP

Akademik Lomonosov
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Current INPRO Projects on SMR
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• Collaborative project “Sustainable deployment scenarios for small 

modular reactors” (ASENES SMR)

Objective:

➢ To provide the formulation and evaluation of promising scenarios 

and success factors for the deployment of sustainable NES with 

SMRs, including the prospective models of cooperation. 

• Case studies for the Deployment of Factory Fuelled SMRs

• Nuclear Energy system Sustainability Assessments (NESA) for 

SMR initiated: Argentina (CAREM), Russia (RITM-200), ROK (SMART)

• INPRO Dialog Forums: 

• 17th INPRO DF on Opportunities and Challenges in Small 

Modular Reactors /  2–5 July 2019, Ulsan, Republic of Korea

(143 participants from 22 Member States)

• FRAMES (FRAmework for Modelling Electricity Systems)

Joint Task with INPRO+PESS+NPTDS



Previous Related Study on Transportable Nuclear 

Power Plants (TNPP-I) 

• A preliminary study was performed in 2008-

2013 and documented in the NE Energy Series 

Technical Report No. NG-T-3.5

• Two Options were considered:

– Option 1: A TNPP, factory assembled, fuelled 

and tested, supplier factory maintained and 

refuelled or decommissioned….

– Option 2: A TNPP, factory assembled, factory 

pre-tested (non-nuclear tested), maintained, 

fuelled and refuelled on-site… 

• The following issues were considered: 

Infrastructure, safeguards, legal, nuclear 

safety and security, nuclear liability.

• The study expresses that when factory fueled 

reactors are to be used, there are obvious gaps 

and an insufficient coverage in the international 

nuclear law and in the non-binding international 

norms. 
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The main conclusions for Supplier States

• A TNPP provides opportunities for

innovative commercial arrangements with

the potential to reduce the initial costs to a

host. A TNPP supplier may consider:

leasing of TNPP, selling the TNPP with

payment on delivery, operating the TNPP

and selling the electrical output, steam or

other products.

• Recognizing the responsibilities of the host

State regulator, the supplier will need to

make a commitment to the host State

regulator, to enable access to the design

details and safety case approved by the

supplier state’s regulator;

• A key issue for TNPPs is the very nature of

the concept, i.e. transportability of the plant.

A TNPP transported as a complete factory

built power plant.

The main conclusions regarding Host States :

• Introducing a TNPP may require fewer

financial and human resources from the host

State. A TNPP may better match a smaller

electrical grid and be deployed faster than a

conventional NPP.

• Host State needs: to establish appropriate

nuclear legislation, liability undertakings, and a

regulatory body with the authority,

responsibility and competence to oversee an

NPP.

• The host State responsibilities: to establish

criteria for the site, taking into consideration

TNPP removal after operation; the

environmental protection, emergency

planning, security and physical protection

should consider during the TNPP life cycle.
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Safeguards and verification issues for export transactions with TNPPs: there is nothing 

distinctive about the characteristics of the construction or operation of a transportable 

nuclear installation which would differentiate it from the construction or operation of a non-

transportable nuclear installation, from the point of view of safeguards. 

Legal and Institutional Issues of Transportable 

Nuclear Power Plants: A Preliminary Study 



• Current study is based on the conclusion from TNPP-I that for factory 

fuelled reactors, there are obvious ‘gaps’ and insufficient coverage

• TNPP-I also concluded that Suppliers and Hosts of TNPPs interested to 

operate in clear and predictable legal realities can achieve this goal if the 

Supplier state and the Host state and all of the involved third countries, 

conclude an international treaty among themselves on the use of factory 

fuelled TNPPs

• The 57th IAEA general conference resolution (GC(57)/RES/12) 

encouraged “the Secretariat to continue providing guidance for 

regulatory reviews of SMRs of various designs”. One distinct group of 

SMRs is Transportable nuclear power plants (TNPPs)

• The 22nd INPRO Steering Committee (24-27 June 2014) agreed to 

restart the activity on TNPP phase II - under a new name - The CP 

“Case Study for Deployment of a Factory Fuelled SMR“

INPRO Case Studies for the Deployment of 

Factory Fuelled Small Modular Reactors 



Collaborative Project:

“INPRO Case study for the Deployment of a Factory Fuelled 

Small Modular Reactors (SMR)” – TNPP-2                          (1)

• Started in 2015 and included integrated efforts of MSs and IAEA 

departments (NE, SG, NS and OLA)

• The overall objective of this Case Study is to examine, in detail, legal 

and institutional issues for export deployment of the particular type of 

TNPP with a factory fuelled, tested and sealed reactor and to investigate 

other aspects of transportable and modular reactor facilities. 

• The following Member States were involved in the particular tasks of the 

activity as participants or observers: Armenia, China, France, Finland, 

Indonesia, Romania, Russian Federation and USA.

• History of Activities - 2015-2016: 7 consultancy meetings (CM)

2017 – DPP approval for future TECDOC

2017-2018: 3 CMs: first draft produced

2019: 3 CMs: advanced draft prepared

2021: 1 CM and editorial work



Collaborative Project TNPP-2                     (2)

• The export of such TNM (Transportable Nuclear                                                                            
Module) for deployment as TNMPP (Transportable                                                                
Nuclear Modular Power Plant) may face specific                                                                         
issues in the international context related to the compliance with Safeguards 
Agreements, international legal norms and the IAEA safety standards and 
security recommendations in the periods of fuelled reactor life-cycle: 
production, transportation, commissioning, operation and decommissioning.

• Three TNMPP case studies deploying a TNM(s) as an integral part of a
TNMPP have been selected for analysis:

– (1) a TNMPP deploying a submersible TNM(s);

– (2) a TNMPP deploying a floating TNM(s);

– (3) a TNMPP deploying a land-based TNM(s).

• All cases have similar characteristics that distinguish their life cycle from
that of conventional stationary large NPPs. Features of TNM projects of
serial and industrial production and TNMPPs based on them enable the
ability to apply advanced safety solutions and reduce the time from the
moment of making a decision till the moment of TNMPP deployment in
the Host State.
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Life-Cycle of Submersible TNM
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Life-Cycle of Floating TNM/TNMPP
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Life-Cycle of land-based TNM/TNMPP
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TNM/TNMPP life-cycle 
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Designing the TNM

Construction of the TNM

Making the decision about deployment of a 

TNMPP in the Host State utilizing the TNM of 

the Supplier State 

TNM first fuel loading

Relocation of the TNM

Preparation of the TNMPP Operating Site

Operation of theTNMPP

TNM relocation and refueling

Decommissioning of TNM

The TNMPP site Decommissioning 
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Collaborative Project TNPP-2                          (3)

• The draft report based on the basis of the materials and results of an in-depth

study of the factory manufactured TNM life cycle scenario with reactors loaded

with nuclear fuel in the Service Centre, tested and sealed in Supplier State for

further relocation and operation as an integral part of a TNMPP in a Host State.

• For the purpose of this study, a scenario was considered where the Host State is

a non-nuclear weapon State, but the Supplier State is assumed to be a nuclear

weapon State. The study included a scenario of maximum outsourcing as an

illustrative example to demonstrate potential advantages of the transportable

design of TNMs that are factory manufactured, fuelled and sealed, and could be

implemented in projects as integral parts of TNMPPs.

• The TECDOC draft includes the chapters:

– Special issues relating to legislative (including Maritime Law and civil liability for nuclear damage)

– Nuclear Safety Issues

– Specific Issues relating to the Licensing Process 

– Special issues relating Safeguards 

– Nuclear Security Considerations 

– Specific Issues relating Staffing and Training 
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The key conclusions after analysis of the issues related to civil liability for nuclear damage,
nuclear safety, environmental protection, safeguards, physical protection, licensing and provisions for
the need of appropriate personnel at all stages of the TNM/TNMPP life cycle:

1. There are practically no fundamental differences in the regulatory framework for the life cycle of
TNMs for the three designs mentioned above. The roles of both regulators would be clarified.

2. Despite the absence of international rules developed for a TNM/TNMPP, the existing legal and
regulatory framework (for conventional large NPP) is generally applicable for all stages of TNM/
TNMPP life cycle. The modification of procedural solutions may be required for safeguards, civil
liability for nuclear damage, etc.

3. The regulatory framework for the implementation of the TNM life cycle considered taking into
account the marine specifics of a TNM (floating and submersible), as well as the application of
maritime law for all designs during TNM/TNMPP relocations between the Supplier State and the
Host State and vice versa. The innovative licensing mechanisms may be needed due to the
transient nature of the TNMs.

4. The identified "gaps" in the legal framework of TNM/TNMPP may be covered by
Intergovernmental Agreements for the implementation of particular TNMPP projects. These IGAs
should consider international obligations of the parties as well as use at the maximum possible
extent the existing legal framework adjusting it to the TNM/TNMPP projects specific. In particular,
the issues of responsibilities distribution between the Supplier State and the Host State, transfer
of responsibility, as well as other issues should be described in the IGA.

5. TNM Pilot Projects or FOAK will bring new practical information for further deployment of
TNM/TNMPP concept.

16
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From Conclusions on Nuclear Safety Issues (1)

• Specific features of the TNM/TNMPPs life cycle of lie in the fact that

implementation is expected to be performed under the jurisdiction of two legal

frameworks: the TNM Supplier State and the TNMPP Host State. This requires

cooperation between two national regulatory authorities.

• Having a flexible and generalized character of formulations, and without being

bound to any engineering solutions and quantitative criteria, the IAEA Safety

Standards are considered to be applicable to TNMs and TNMPPs, and their

requirements should be implemented during all stages of the TNM/TNMPP life

cycle. (Activity on detail analysis of IAEA safety Standards for SMR and TNPP is under way

by NS department)

• Conversely, international legally binding conventions on nuclear safety and

radiological protection have limited applicability as TNM and TNMPP have

distinguishing features (transportability, siting environment, limitations on fuel

handling and so on) and are frequently beyond the legal framework of existing

conventions. Therefore, specific nuclear safety requirements applicable to a

TNM/TNMPP project and respective procedures should be defined for

TNM/TNMPP designs and should also take into account Host and Supplier State

regulatory requirements.
17



Taking into consideration the specifics of a TNM/TNMPP life cycle, the

following activities may be required:

• Development of revised and/or additional requirements and guides

for site assessment for floating and submersible TNM deployment;

• Development of revised and/or additional recommendations and

guides related to the use of a graded approach in the application of

safety requirements for TNM and its transportation;

• Development of innovative approaches (alternative to those adopted

for conventional plants) for periodic confirmation of nuclear safety

during TNM/TNMPP operation.
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To minimize the risks in the implementation of TNM/TNMPP projects, the

following key points should be agreed by stakeholders at the earliest

stages and fixed in IGA (or inter-agency agreements and/or contracts):

• Resolution of gaps in existing international conventions and

agreements as they apply to TNMs/TNMPPs;

• Regulatory framework for TNM/TNMPP design and evaluation;

• The point of transition of safety responsibility from the TNM Operating

Organization to the TNMPP Operating Organization;

• Content and scope of tests, particularly those related to the safety of

the TNM at the Service Centre and of the TNMPP at the Operating

Site. Such tests need to be defined in the contract(s);

• The provision of TNM Operating Organization personnel to support the

operation of TNMPP on the Operating Site;

• The key principles for implementation of emergency planning and the

respective responsibilities of the parties. These need to be defined with

consideration of the specifics of the TNMPP project.
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From Conclusions on Nuclear Safety Issues (3)



• While many aspects of the factory fuelled TNMs will follow traditional

procedures, licensing of their individual life cycle stages will present some

specific challenges due to the fact that TNMs will not be permanently installed in

the Host State, TNMs will arrive as fuelled and sealed reactors in a shutdown

condition, and may be replaced in kind periodically. Close coordination,

communication and cooperation between the Operation Organizations of

the Supplier and Host States and the two state’s regulatory bodies will be

essential in making the concept viable.

• Prior to the Host State receiving TNMs, they need to develop operator and

regulatory competencies. As with any nuclear embarking country, the task to

develop these competencies will be a challenge for the TNM Host State and it

will likely need the assistance of other experienced nuclear power countries.

• A bilateral or multilateral IGA will be necessary to establish parameters and

conditions associated with TNM deployment and TNMPP operation. The

agreement must encompass all states involved in the TNM project, including

third states involved in cross-border relocations. An IGA is also an important

mechanism for directing relationships between regulatory authorities connected

with the deployment of a TNM.
20

From Conclusions on Specific Issues relating to 
the Licensing Process 



• The basis for the implementation of physical protection for a TNM/TNMPP rests on

the well-recognized basic principle of nuclear security, The IAEA has provided a substantial

body of guidance on the security of nuclear material and facilities. The application of the

existing A/CPPNM and the IAEA recommendations would appear sufficient to address the

known concerns arising from the deployment of a TNM/TNMPP in the near term. The

methodology of design and evaluation of physical protection systems and measures for SMRs

are similar to those of conventional NPPs. Nevertheless, additional technical guidance on

nuclear security for a TNM/TNMPP could be valuable for both Host and Supplier States.

• The complexity of gaining access to the fuel in a sealed TNM effectively minimizes

unauthorized removal of nuclear material as a threat, except for theft of the entire TNM. The

potential for sabotage and the potential consequences of a malicious act of sabotage would be

a principal driver for TNM security during transit and its subsequent incorporation as part of a

TNMPP at the operating site. When developing a DBT, arrangements should be made for the

Supplier State to share any information it may obtain that is relevant to the threats posed to a

TNMPP, along with its analysis results and techniques with the Host State. Such approach

should be addressed in an agreement between the Supplier and Host States.

• Transit of radioactive nuclear material between States has long been dealt with and

precedents are well established. However, commercial transit of nuclear facilities between

States has no developed precedents.

21

From Conclusions on Nuclear Security 
Considerations (1)



• Physical protection response plans will need to be well coordinated and extensively
exercised to ensure that all contingencies can be dealt with in a coordinated manner
that ensures both safety and security.

• Inclusion of security by design elements may play an important role in
implementation of requirements for detection, delay, and response during operation.
The Host State should factor design elements into its plans for physical protection and
might identify design changes that the Supplier State should consider accommodating
if practicable to enhance physical protection in the Host State or in transit.

• A TNMPP, like some SMRs, may have a limited physical footprint which will
reduce available standoff distance and response time for the physical protection
system. While operators and physical protection forces of a TNM/TNMPP will have
visual access to any surface physical threat, a floating or submerged TNM will need to
consider the additional threat posed by potential submerged access and attacks, as
well as sabotage threats that could sink, capsize, or breach them. Overland and
overwater transits of all TNM should also consider surface attacks. Specific design
measures may be useful in addressing these threats.

• Taking into consideration all the above, it appears that an effective physical
protection approach could be developed for a TNM/TNMPP during all stages of
its life cycle based on existing international documents, while additional documents
may provide valuable technical guidance.

22

From Conclusions on Nuclear Security 
Considerations (2)



• IAEA safeguards should be applied under the Host State’s CSA while the TNM

is at its Operating Site as part of the TNMPP, located in the territory of the Host State.

The Supplier State should facilitate, under its VOA and/or through other agreements

and arrangements with the Host State and possibly the IAEA, the provision of design

information to the Host State and its subsequent provision to the IAEA.

• Any relocations back to the Supplier State Service Centre for defuelling/refuelling

and maintenance should include activities described after receipt by the Service Centre.

• The Supplier State may consider incorporating certain safeguards-related features

into the design of the TNM/TNMPP.

• The IAEA should receive, examine, and verify the design information

sufficiently in advance for it to develop an effective and efficient IAEA safeguards

approach.

• Legal instruments and perhaps other arrangements are necessary to establish the

basis for the Supplier State to transfer TNMs design information to the Host State.

• Alternatively, the Supplier State and the IAEA might conclude a sui generis

agreement outside of the VOA under which IAEA inspectors would be provided with

access to information, and to the TNM to perform all necessary IAEA safeguards

activities in the Supplier State.

The principal verification activities by IAEA inspectors in the Host State are

described in the Case Study. 23

From Conclusions on Specific Issues relating Safeguards (1) 



Sustainable

Nuclear Energy Development

THANK YOU

for your attention!

a.bychkov@iaea.org

https://www.iaea.org/services/key-programmes/international-project-on-innovative-nuclear-reactors-and-fuel-cycles-inpro
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