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INTRODUCTION

Nuclear power is an 
important source of low-
carbon electricity and heat
that contributes to 
attaining carbon 
neutrality.”
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Specialists in Energy and 
Infrastructure

Castletown Law

FORE WORD

We believe there is now consensus across 
most institutional, economic and political 
groups who have considered the issue 

in depth, that nuclear power generation is an essential 
contributor to achieving the decarbonisation targets set 
for 2050. There is also a growing consensus that Small 
Modular Reactors (SMRs) represent the future of nuclear 
power generation. 

The objective behind the first part of this guide, and the 
second part which will follow, is to suggest that unless a new 
approach to the application of regulatory consenting on an 
international basis is adopted, SMRs will struggle to gain 
traction as an international solution for decarbonisation 
and provision of power generation in the future. 

SMRs merit different treatment to traditional large nuclear 
projects for a number of very good reasons and in our 
view the regulatory road map needs to be adjusted to fit 
the requirements of countries which aspire to include 
nuclear power generation in their energy mix, particularly 
to facilitate delivery of SMRs."

Andrew Renton
Principal

Simon Stuttaford
Principal

is a specialist Energy 
and Infrastructure practice with a particular focus on the nuclear sector. The 
law practice is based in the UK but operates internationally, being designed 
to operate as a digital practice since it was first established. The ethos behind 
Castletown Law was to offer clients a dedicated service from senior lawyers in 
their field and to accompany the client along their own journey in the projects in 
which they chose to involve us.

We have been involved in large nuclear projects in the UK and internationally, 
in the regulatory and commercial areas. We have a deep understanding of the 
challenges faced by all involved in developing nuclear projects. We have been 
following the progress of Small Modular Reactor designs both in the UK and 
internationally and wherever possible making the case for their full support 
(politically, economically and from a regulatory standpoint). We are currently 
advising Small Modular Reactor Developers wishing to manufacture and deploy 
their technologies in the UK and internationally.

The following pages are a first step towards a fresh look at the regulatory position 
applied to SMRs and how we see the process of enabling them to participate in 
helping to address the evident need for a solution to the provision of sustainable 
energy with long term security of supply and a dependable cost base.

We hope that the information provided in this Part I will remove some 
misunderstandings and misconceptions about nuclear power generation and 
allow a positive decision making process to endorse its use for the benefit of 
future generations and the health of the planet.
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INTRODUCTION

The reason for this is that since the UNFCCC`s Paris Agreement of 2015, it has 
increasingly been recognised and in our view it is now accepted that the use of 
nuclear power generation as a low carbon form of power generation is critical 
to keeping to the climate change objectives espoused in Paris. The August 
2021 IPCCC report makes the case for a universal approach which combines all 
forms of optimised solutions. In this guide we hope to provide assistance to the 
understanding of the background to how Small Modular Reactors (SMRs) can be 
deployed internationally in an expedited, safe and secure way.  

We recognise the role of renewables in the power generation mix but the 
deployment of renewable energy resources has not reached the levels required 
and they are generally restricted in location choice. Some argue that all that 
renewable energy has done is replace the reduction in power generation from 
nuclear power stations – leaving the fossil fuelled generation and primarily gas 
plants to continue. Others claim that the closure of nuclear plants over 20 years 
has been replaced by fossil fuel generation.

We also recognise the change in view of governments and some of the oil and 
gas majors who now claim to embrace low carbon power generation. Notably 
however, whilst those companies are developing solar and wind and tidal, they are 
leaving their fossil fuel legacy plants in operation. At the same time they continue 
to develop and build infrastructure for production and distribution of fossil fuels.

Pickering nuclear generating plant, Toronto, Canada

In October 2021 we look 
at where we are and 
how we go forward with 
small modular nuclear 
power generation.

A Major Role for Nuclear Energy

We would like to see those companies and the international community come 
together to embrace what is seen to be the most likely short to mid-term solution 
(10-100 years) for decarbonising power generation. We anticipate the use of 
combined initiatives and resources to deploy small modular nuclear power 
plants internationally to satisfy the huge challenges facing the energy demand 
growth and decarbonisation requirements that every country and person in the 
world faces. 

Our views and suggested approaches set out in this guide come from our years 
of experience in the industry.

Derived from those years of experience is an awareness that nuclear power 
generation has been denigrated by those with vested interests to prevent its 
use, those who confuse civil nuclear power with nuclear weapons and those who 
speak without a full understanding of the imperatives of the need for a stable and 
energy resourced economy. We suggest it is time to put these falsehoods and 
misconceptions behind us and focus on saving the planet.

We are not alone in taking the view we do. On 11 August 2021 an article on the 
United Nations Economic Commission for Europe (UNECE) homepage quoted its 
reports and working groups` outcomes as stating: 

“Nuclear power is an important source of low-carbon electricity and heat 
that contributes to attaining carbon neutrality.” 

“They have played a major role in avoiding carbon dioxide emissions to date. 
Decarbonising energy is a significant undertaking that requires the use of 
all available low-carbon technologies. Analyses indicate that the world’s 
climate objectives will not be met if nuclear technologies are excluded.”
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INTRODUCTION

Both the International Energy Agency (IEA) and the International Atomic Energy 
Agency (IAEA) stress that preventing the premature closure of nuclear plants is 
an urgent priority in addressing climate change. Similar reports were issued in 
June 2021 by the European Commission's Joint Research Council and Scientific 
Committee on Health, Environmental and Emerging Risks.

Other recent reports by the IAEA in June 2021 on the technical road map for SMR 
development provide a review, restatement and update of the position bringing 
together the collective information considered over the extensive consultations 
and considerations of the approaches taken throughout a period of almost 20 
years. The Nuclear Innovation and Research Advisory Board (NIRAB) annual report 
2020 (NIRAB-244-1) adds to the scientific research findings that achieving a net 
zero industrial base globally cannot be achieved without nuclear power generation 
and that SMR technology is critical to the ability of the industry to deploy nuclear 
power. The work published by the IAEA`s SMR Regulators` Forum (June 2021) and 
its Phase 2 Summary Report is impressive in the consideration of the technical 
issues which it addresses.

The work being done in these areas has the benefit of deep understanding of the 
scientific, technical and regulatory hurdles which are being faced. In reviewing 
the extensive material published on the approach to regulation, in a way which is 
suited to the design, manufacture and operation of SMR technologies as part of a 
net zero power generation objective, and considering next steps, we draw on the 
input from the source materials referenced at Appendix 1.

The UNECE reports confirm that over 70 reactors have 
been shut down in the UNECE region since 2020 but in 
most cases these have been replaced (at least partly) 
by fossil-fuel generation. This is undermining the 
efforts to reduce emissions. 

Copyright © Rolls-Royce.

Developer's visualisation 
of what a new SMR power 
station would look like.
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THE HISTORIC BACKGROUND

HISTORIC 
BACKGROUND
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HISTORIC BACKGROUND

Early-stage nuclear power reactors were pioneered in the UK and that is where 
expertise and engineering capability resided in Europe. The USA began quickly 
to match the UK, recognising the need to meet the massive energy demand that 
was on the horizon of the global map in the 60’s and 70’s.

Early designs were within the then existing safety and design codes and as 
the operational reactors showed problems, safety solutions were engineered, 
designed and installed. This pattern was not followed across the world and 
incidents which arose caused high levels of concern. We exclude from this 
Fukushima which was caused by a massive natural disaster as opposed to 
failures in engineering or compliance with foreseeable safety hazards.

A few things then happened.

The International Conventions on nuclear liability and International Treaties have, 
since the 1960’s, been designed to address the liability of host states and nuclear 
licensed facility operators. This was intended to safeguard against catastrophic 
failures in nuclear engineering and safety. As the events of the 60-70’s and later 
occurred the well-funded lobbyists against nuclear power generation gained 
momentum. The governments of the western world at least became super-
conservative about nuclear power generation and the regulators began to apply 
the pre-design – design and – pre-licensing – safety approach to the approval 
of nuclear technology. The consequence of this approach is that the nuclear 
industry is now one of the safest, most secure and best engineered power 
production industries in the world.

The world also moved into a huge energy consumption mode and global 
developments of nuclear power generation emerged. The expansion of nuclear 
power generation was controlled by the operation of the regulatory applications 
which the prior years had generated which meant all nuclear power enabled 
countries had a regulatory commission and safeguarding regime. One of the first 
steps to be taken by countries that have an aspiration to develop a civil nuclear 
capability is the creation of their own regulator (see Appendix 2). 

Levelised Cost of Electricity and 
Carbon Emissions Ratings

As the world moved towards nuclear power generation so resistance from those 
who saw it as being against their interests grew. Technology moved on to address 
concerns about safety and now we know that nuclear power plants are among 
the safest forms of power generation with one of the lowest levelised cost of 
electricity per KWh and with one of the lowest carbon emissions  ratings. 
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THE HISTORIC BACKGROUND

On a life-cycle basis, nuclear power emits just a few grams of CO₂ equivalent per 
kWh of electricity produced. A median value of 12g CO₂ equivalent/kWh has been 
estimated for nuclear to be similar to wind and lower than all types of solar. The 
majority of CO₂ emissions from the life-cycle of nuclear power stem from cement 
and steel production, and component manufacturing during construction.

The increasingly rigorous safety requirements and the construction of each 
design as a bespoke project has led to serious and justified concerns about 
capital costs. The generation III experiences to date have not instilled confidence 
in the ability of the nuclear industry to deliver power to the wires at the kWh costs 
predicted in the approval process. Some countries manage the position better 
than others. 

Valid concerns exist around the delivery model of generation III nuclear new 
build plants but they are buildable, operable and have a potential lifespan of up 
to 100 years – all of which helps to create a competitive approach in levelised 
cost analysis.

Where we are now on large nuclear power does not meet the need of the world 
because of countries' inability to fund such reactors where they are actually 
needed. The Generation III technology is very quickly being overtaken by 
Generation IV and advanced technologies which are more agile, affordable, 
deployable and safe. These advanced technologies suit deployment into a small 
network, bespoke uses and can be used as peaking and system management 
support. Some technologies such as molten salt reactors also provide energy 
storage capacity.

Increasing concerns about buildability, availability of skilled resource, security, 
siting and most of all funding of large nuclear has in our view led to a renewed 
determination to find a modular power station solution using nuclear fuel and to 
see these deployed in significant numbers by 2035. 

In 2020 the IAEA and the World Nuclear Association (WNA) recognised there were 
over 70 different designs for small and advance technology nuclear reactors.  Only 
some of those will become international market leaders but the existence of this 
level of investment suggests the market recognises the potential of the solution. 
(See Appendix 3)

Power stations emissions comparison (WNA: May 2021)
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INTERNATIONAL DEPLOYMENT

INTERNATIONAL 
DEPLOYMENT
A new approach for SMR technology deployment
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INTERNATIONAL DEPLOYMENT

Control Systems and Compliance 
with Standards

Here we consider 
how the international 
regulatory structure 
can assist to unify, 
harmonise and create 
cooperation in a single 
acceptable approach 
for the development of 
SMRs. We envisage the 
universal application 
of safety, security and 
control mechanisms 
and the deployment and 
operation of SMRs in 
the global market.
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In essence, this relates to individual and state liability for nuclear incidents. At a 
state level this is not avoidable as the International Conventions provide a structure 
where each state is liable for the control and operation of any nuclear facility within 
its jurisdiction. This in turn means each state must have a competent method and 
independent regime for control, operation and management of nuclear activity 
and it is usual for each state to have a regulator which is independent and not part 
of a ministry of state.

The 1963 Vienna Convention stated:

"Person" means any individual, partnership, any private or public body, 
whether corporate or not, any international organization enjoying legal 
personality under the law of the installation state, and any state or any of its 
constituent sub-divisions.

Article II-1 of the 1963 Convention states:

1. The operator of a nuclear installation shall be liable for nuclear damage 
upon proof that such damage has been caused by a nuclear incident: 

(a) in his nuclear installation; or 

(b) involving nuclear material coming from or originating in his nuclear 
installation, and occurring: 

(i) before liability with regard to nuclear incidents involving the nuclear 
material has been assumed, pursuant to the express terms of a 
contract in writing, by the operator of another nuclear installation; 

(ii) in the absence of such express terms, before the operator of 
another nuclear installation has taken charge of the nuclear 
material; or 

(iii) where the nuclear material is intended to be used in a nuclear 
reactor with which a means of transport is equipped for use as a 
source of power, whether for propulsion thereof or for any other 
purpose, before the person duly authorized to operate such 
reactor has taken charge of the nuclear material; but 

(iv) where the nuclear material has been sent to a person within the 
territory of a non-contracting state, before it has been unloaded 
from the means of transport by which it has arrived in the territory 
of that non-contracting state; 

(c) involving nuclear material sent to his nuclear installation, and occurring: 

(i) after liability with regard to nuclear incidents involving the nuclear 
material has been assumed by him, pursuant to the express terms 
of a contract in writing, from the operator of another nuclear 
installation; 

(ii) in the absence of such express terms, after he has taken charge of 
the nuclear material; or 

(iii) after he has taken charge of the nuclear material from a person 
operating a nuclear reactor with which a means of transport is 
equipped for use as a source of power, whether for propulsion 
thereof or for any other purpose; but 

(iv) where the nuclear material has, with the written consent of the 
operator, been sent from a person within the territory of a non-
contracting state, only after it has been loaded on the means of 
transport by which it is to be carried from the territory of that state; 
provided that, if nuclear damage is caused by a nuclear incident 
occurring in a nuclear installation and involving nuclear material 
stored therein incidentally to the carriage of such material, the 
provisions of sub-paragraph (a) of this paragraph shall not apply 
where another operator or person is solely liable pursuant to the 
provisions of sub-paragraph (b) or (c) of this paragraph.

In other words, liability for nuclear incidents on sites or in transportation sits with 
the host nuclear convention state (or in the case of transportation the consigning 
nuclear convention state) unless or until someone else assumes liability for it (i.e. 
the recipient nuclear convention state). Even then, last resort liability sits with the 
host nuclear convention state.

This means a strong regime for the regulation and control of transportation, 
storage and use of nuclear material is essential and control of operational nuclear 
sites is a state regulated necessity.

This position is mirrored and reinforced by the Paris/Brussels conventions on 
nuclear liability where liability is provided for and under the Amending 2004 
Protocols – yet to be fully implemented – under which individual companies 
can have a strict liability exposure of 700 Million Euros for damage caused 
by a nuclear incident. So it is also in the interests of the executives of nuclear 
technology providers and facility operators to have a robust and meaningful 
regulatory regime within which to operate.



INTERNATIONAL DEPLOYMENT

Control Systems and Compliance with Standards

IAEA Guidance

IAEA Guidance on 
what states must 
do to be competent 
administrators for 
Nuclear Convention /
Treaty purposes

An extract from the NEA 
commentary on the 
Paris Convention makes 
the following points:
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The Convention establishes a special legal regime founded on a number of 
important principles:

•  The nuclear installation operator is exclusively liable for damage resulting 
from accidents at its installation or during the transport of nuclear 
substances to and from that installation.

•  This liability is "strict", as opposed to general tort law which is based on 
fault or negligence. Under the Paris Convention, a nuclear installation 
operator is liable, regardless of whether fault can be established.

•  The maximum liability of a nuclear installation operator is SDR 15 
million* and the minimum liability is SDR 5 million. However, the NEA has 
recommended that Paris Convention states set the maximum liability 
amount to not less than SDR 150 million; most have done so (see Table on 
Operator Liability Amounts and Financial Security Limits).

•  The nuclear installation operator must have financial security equivalent to 
its liability.

•  The right to compensation expires if legal action is not brought within ten 
years of the nuclear accident.

•  The Convention must be applied without any discrimination based on 
nationality, domicile or residence.

•  In general, the courts of the state where the nuclear incident occurred 
deal with compensation claims.

The Paris Convention provides for compensation for injury to or loss of life of any 
person, and for damage to, or loss of any property caused by a nuclear accident 
in a nuclear installation or during the transport of nuclear substances to and from 
installations. It does not cover damage to the nuclear installation itself.

Nuclear installations are defined as: reactors other than those comprised in 
any means of transport; factories for the manufacture or processing of nuclear 
substances, for the enrichment of uranium, and for the reprocessing of irradiated 
nuclear fuel; and facilities for the storage of nuclear substances. Facilities which 
do not involve high levels of radioactivity, such as those for uranium mining and 
milling and for the production of radioisotopes, are covered by general tort law 
rather than the Convention.

The Paris Convention also applies to nuclear substances in transport from one 
nuclear operator to another. Liability is, in principle, imposed on the operator 
sending the nuclear substances since it will normally be responsible for its 
packing and containment. In the case of transport to or from operators in states 
that are not party to the Convention, special provisions apply to ensure that an 
operator to which the Convention regime applies will be liable.

The IAEA set out guidance in their paper on the regulation of civil nuclear 
developments. These include the provision of specific international legal 
requirements for compliance including the following as included in the initial 
paper issued by the IAEA:

• Convention on early notification of a nuclear accident (INFCIRC/335) 

• Convention on assistance in the case of a nuclear accident or 
radiological emergency (INFCIRC/336) 

•  Convention on nuclear safety (INFCIRC/449) 

•  Joint convention on the safety of spent fuel management and on the 
safety of radioactive waste management (INFCIRC/546) 

•  Convention on the physical protection of nuclear material 
(INFCIRC/274) and amendment thereto (gov/inf/2005/10-gc (49)/inf/6) 

•  Vienna Convention on civil liability for nuclear damage (INFCIRC/500) 

•  Protocol to amend the Vienna Convention on civil liability for nuclear 
damage (INFCIRC/566) 

•  Convention on supplementary compensation for nuclear damage 
(INFCIRC/567) 

•  Joint protocol relating to the application of the Vienna Convention and 
the Paris Convention (INFCIRC/402) 

•  Comprehensive safeguards agreement — based on the structure and 
content of agreements between the agency and states required in 
connection with the treaty on the non-proliferation of nuclear weapons 
(INFCIRC/153 (corrected)) 

•  Additional protocol — following the provisions of model protocol 
additional to the agreement(s) between states(s) and the international 
atomic energy agency for the application of safeguards (INFCIRC/540 
(corrected)) 

•  Revised supplementary agreement concerning the provision of 
technical assistance by the IAEA  

•  The Convention on third party liability in the field of nuclear energy 
(Paris Convention) is another relevant legal instrument under 
the auspices of the organisation for economic co-operation and 
development.
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IAEA Guidance
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1.  National Readiness

This addresses the capacity and capability of the relevant state to begin the 
process of structuring a regulatory body which can oversee the preparedness 
of the country to establish, implement and enforce regulatory controls which 
are essential for nuclear safety and security. When the IAEA is satisfied that  
the structures being put in place may operate to provide the level of oversight 
necessary they will provide an opinion to that effect. For SMRs and depending 
on the fuel type this may be a less restrictive and less onerous undertaking 
than is necessary for large nuclear plants. See further below.

2.  Nuclear Safety

The IAEA states that SMRs must be subject to equivalent levels of safety 
assurance as other nuclear installations. Some regulators have taken this 
to mean the same approach must be applied as is applied in large nuclear. 
We suggest that the appropriate approach to equivalence is to measure the 
protection provided against the risk. Where an SMR design has a proven 
passive failure mode with zero power consumption requirement and no risk of 
emissions from fuel, in our view that is a different level of risk from a failure in 
large nuclear power plants. The inherent safety features of SMRs are stated 
to be suited to location in limited Emergency Planning Zones (EPZ’s) enabling 
them to be located close to industrial users of power and conurbations. The 
IAEA has shown some signs of moving in this direction by proposing some 
tailored SMR-specific Safety Standards. 

3.  Management of Process

The nature of SMRs means that the management of the overall process 
at state and regulator level may be approached in a more strategic way, 
addressing the modular construction on the one hand and the operation, 

control and maintenance on the other. Because of the intended multi-state 
cross border deployment, state to state cooperation is a way to enhance and 
support management of the process of deployment. Where the technology is 
manufactured in a factory environment in the Country of Origin (COO) of the 
technology, there will be in existence a process of pre-approvals. Whilst that 
cannot replace the sovereign obligation, it will be a significant comfort and it 
may allow sovereign regulators to rely on this multi-party support in fulfilling 
their function to some extent.

4. Funding and Finance

This is a major topic in itself. The way in which projects may be funded is looked 
at in more detail later. The key considerations will be the political stability of 
the state regime, in order to fund the relevant purchase agreements. It may 
also depend on the viability of vendor country support for the technology 
and ability of vendor country to provide export guarantees to the vendor. The 
benefit of SMRs is that they have comparatively lower capital requirements and 
their output price is comparable on a levelised basis with other forms of power 
generation. The ability of a country to look at more than one site and to contract 
on a multi-site basis will also benefit the overall economic and cost analysis.

5. Legal Framework

In many countries a legislative structure will be adopted based on models from 
other countries and within the IAEA and relevant UN treaty structures which 
govern the adoption of nuclear power generation. The enabling legislation 
has to be carefully considered. Most recently Saudi Arabia has gone through 
this exercise and it now has a robust legislative framework within which the 
NRRC (Regulator in Saudi Arabia) must operate. Within this structure all 
regulations must meet certain standards, all activity must be conducted in 
a specified way and all processes and activities documented in compliance. 
These requirements are driven down into the contractual structures so that 
all participants at any level in the nuclear cycle are bound to comply with the 
governing legislation. Due to the nature of SMRs this is likely to be a simpler, 
more efficient application of legislative controls and potentially will allow 
consents for development and licensing of SMR technology in a robust, but 
more streamlined process. 

6. Safeguards

In SMR technology in principle the application of safeguards is much reduced 
from large nuclear. This is because the design of SMRs includes inherent 
safeguards, based on a lower risk. The lower risk arises because of the types 
of advanced technology in SMR reactor design and innovation of large nuclear 
safeguarding thresholds to make them equivalent for SMR  technology. 

Within these three headline areas the milestone 
structure identifies 19 areas or topics on which the 
milestones operate. These are set out below and we 
comment on each with regard to its application on 
SMR technology deployment:

The premise of compliance with the guidance is a milestone structure which is 
contained within three headline areas:

1.  Ready to make a knowledgeable commitment to a nuclear power programme.

2. Ready to invite bids/negotiate a contract for the first nuclear power plant.

3.  Ready to commission and operate the first nuclear power plant.
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Some of these features include:

(a) On-site or off-site (Factory Site or Service Facility) – refuelling far fewer 
times, if ever, over lifetime – 40-60 year life (i.e. reduced IAEA scrutiny).

(b) 1) Spent fuel may be stored on-site by reactor or in pools or casks.  
2) Shipped to supplier state 3) Fuel remains in reactor for life.

(c) Reactor core may only be accessible during initial loading. 

(d) With infrequent or no refuelling –  core fuel status would remain stable  
for decades but would still be monitored.  

(e) SMR can be dismantled and shipped complete to supplier (i.e. reduced 
IAEA inspection and visits). Complete decommissioning obligations can 
be undertaken.

7.  Regulatory Framework 

The main issue for SMRs is that most countries have developed their 
regulatory framework to apply to large nuclear. It is our view that the 
regulations for SMRs can be an adaptation of the existing regulations. The 
existing regulations can also be modified by simple legislation to provide that 
the existing regulation is to be applied equivalently to SMRs having regard to 
the level of risk, the nature of the technology and the siting of the technology.  

One of the key pre-licensing steps is some form of design review and 
acceptance process. Typically, this can take anything from 2-4 years for full 
approval. Indeed, in the UK this process has taken closer to 5 years for large 
nuclear reactors. 

An alternative way of looking at design certification for SMRs is called Module 
Design Certification. This concept was first proposed by the Cooperation 
in Reactor Design Evaluation and Licensing (CORDEL) Working Group, in 
its report “Facilitating International Licensing of Small Modular Reactors” 
(August 2015). 

The proposal is that a Design Certificate (Module Design Certification) would 
be the certification of the SMR reactor module, including the primary safety 
systems.  The module along with the safety systems would be standardised 
during the design phase. Once certified, the module`s design would not need 
to be reviewed again as a single module. This process then becomes part 
of the licensing process itself (rather than pre-licensing) and could then be 
internationally valid or transferrable from the country of origin to another 
country. This transferability though would only be possible if the licensing 
requirements of the module and its safety systems do not differ from one 
country to another.

The advantages of this approach are that a module only needs to be certified 
once and there is a separation between site approval and design certification. 

With the new approach, rather than treating design certification as part of 
pre-licensing, the design certification step would be applied to the reactor 
module and primary safety system at the same time, on a once and for all 
basis. The objective is to achieve an internationally transferrable reactor 
module design certification enabling the construction and operation of 
multiple identical SMRs on the same site, eliminating the review and approval 
of each reactor module separately. 

For a number of years, initially driven by work on large nuclear power plants, 
there have been various initiatives looking at opportunities to standardise and 
harmonise licensing. With the development of Small Modular Reactors, this 
approach makes even more sense than before. There will only be a limited 
number of countries that will have the ability to develop, test, approve, license 
and commission Small Modular Reactors. A standardised licensing process 
recognised around the world would be a significant step to opening up a fully 
exportable technology product. 

The World Nuclear Association`s (WNA`s) working group “Cooperation in 
Reactor Design Evaluation and Licensing” (CORDEL) in its report “Facilitating 
International Licensing of Small Modular Reactors” (August 2015), produced by 
its Small Modular Reactors Ad-hoc Group (SMRAG) stressed the importance 
of working towards enhancing global harmonisation among countries. 

This included a proposal for the use of a Master Facility Licence. Modifications 
that only relate to a reactor module could be designated as such and reviewed 
as part of the design certification (Module Design Certification).   Changes 
under the Master Facility Licence would concentrate on safety issues that 
are common to the whole project. It is proposed that a Master Facility Licence 
is issued by the regulatory body authorising specified activities in the host 
country, while changes to the reactor module design would be managed in 
the Module Design Certification (review) process in the country of origin and 
adopted by the host country. Once approved, multiple modules for an SMR 
plant would only need to go through the module licensing process once. 

SMRAG`s report proposes a sharing approach. It aims to reduce licensing 
risk, allowing SMRs to be licensed as standard designs globally. It limits the 
scope of the design certification, separates it from site-specific approvals 
and operational requirements and reduces differences between countries’ 
licensing practices. An added benefit is supporting the development of SMRs 
in new countries.
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Reactor system configuration of Holtec SMR-160
Copyright © Holtec.

SMRs: Regulatory Imperatives w w w.castletownlaw.com 2726

H
IS

TO
R

IC
 B

A
C

K
G

R
O

U
N

D
IN

TE
R

N
ATIO

N
A

L D
E

P
LO

YM
E

N
T

S
U

M
M

A
R

Y
C

O
N

C
LU

S
IO

N
IN

TR
O

D
U

C
TIO

N

8. Radiation Protection

The regulations on radiation protection will apply equally to SMRs. The extent 
of the protective measures regarding hazards onsite and offsite need to be 
looked at based on the technology applications, failure and emission risk 
profiles. This is an area partly covered by Environmental Impact Assessment 
(see item 13 below) and there is an argument that, compared to large nuclear 
reactors, the radiological impacts on local populations are reduced and in 
some papers the position is described as a reduction to tolerable levels. 
Meaning limited risk to health of the population.  The technology applicable 
for SMR deployment suggests the radiation protection considerations 
need to be looked at afresh for the purpose of compliance considerations. 
In all advanced technologies used in the SMR developments that have 
been reviewed, the failsafe mechanisms mean the safety of the plant and 
the protection within the required protection zone is significantly reduced. 
Technology providers say their plant is absolutely safe and compares as 
better than fossil fuel or hydro plant in terms of risk to life. Meaning the design 
takes away the risk from a radiation incident. 

9.  Electrical Grid

In industrial countries where a grid and network system operates, this is likely 
to be a manageable question of a connection agreement being entered into 
with the local grid and network operator. In some cases (and this will impact 
funding considerations) there may be a local industrial plant (or consortium 
of plants) that is willing to underwrite the power purchase from the plant. 
Including heat or power storage as part of the deployment would support the 
grid or network in peak load management. In SMR deployment this together 
with the ability to have state backed purchase agreements for conurbation 
power supply/ desalination/ or other social or community requirements – 
such as powering hospitals/schools/prisons/civil buildings etc. – may enable 
the technology supplier to consider provision of the means of distribution by 
power network or grid to those key purchasers as part of the deployment. 
This would help ensure the grid or network is robust, secure and can manage 
the power from the SMR.

10.  Human Resource

SMR deployment utilising factory-built modules is likely to have a smaller 
requirement for construction site resource. Factory units in country where 
significant deployment is envisaged is a possible or may be a probable 
scenario. The training, skill-building and education of a relevant work 
force in Country of Origin (COO) and in host countries will be significant. 
Training in the COO and repatriating to host countries is probably the most 
effective and secure way of developing indigenous skills to support host 
country manufacturing facilities. Long term operation means a structured 
approach to iterative training and retraining. Changes in technology over 
operational periods means constant upgrading on security, safety and 
management issues. These can be managed in the certification processes 
mentioned above. In most countries there will be a marriage of COO training 
and in country training and education. It will be a legislative and regulatory 
requirement imposed on technology providers and their sponsors. Training 
will equally apply to regulation and supervisory entities who operate in the 
host country. The benefit of SMRs is the provision of transferable skills, 
upgrading of education and manageable envelopes of operation within which 
these activities can take place. In each location a dedicated programme 
for awareness, education, training and skill-building should be part of the 
technology provider's policy of participation.

11.  Stakeholders

Recognition of the breadth of stakeholder groups in the host country and the 
COO is a critical feature of the approach to deployment of a fleet of SMRs. The 
approach of choosing stakeholders is no longer considered the approach 
suitable for the types of projects envisaged for SMRs. The stakeholder forum 
should be an open forum, in which all who have an interest can participate 
and which allows the voices of those participating to be heard. The distinction 
between stakeholder group and investor/delivery group cannot be over-
emphasised. Critical to the success of factory-built systems is the sense 
of ownership of the workforce in the product. This enhances quality and 
compliance and in the SMR case can be a critical factor in the delivery of 
precision technology. A specific role for communication to the stakeholder 
group in the development and deployment of SMRs should be considered.
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Developer's visualisations of SMR site layout. 
Copyright © Moltex Energy.
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12.  Site and Facilities

For SMR technology the site footprint is smaller. The exposure to seismic 
changes is less than in large nuclear. The risk of terrorist and aerial attack 
or accident is also much reduced and the consequences of such an incident 
are highly controlled or controllable within site. Many technologies have 
reduced water availability requirements and the lower outputs allow for more 
convenient grid and network connections. The reduced Emergency Planning 
Zone (EPZ) is a significant feature and enables collocation to large users on an 
industrial basis. The facilities create a smaller footprint and may include heat 
or power storage as a part of the facility to support peak load management. 
Where appropriate the SMR output can be managed in the local network and 
incremental growth of power production can be facilitated by “stacking” units 
adjacent to each other as power demand increases. The use of some SMR 
technologies is highly suitable for arid climates and can be a source of power 
combined with other generation such as solar and wind, within the same or 
adjacent sites.

13.  Environmental Protection

SMRs as with large nuclear reactors will go through an Environmental Impact 
Assessment (EIA). Assuming that deployment is on a new site and therefore 
not previously subject to EIA, the specific characteristics of SMRs means that 
there is an argument that they may be treated differently. Such characteristics 
include lower generated power output, smaller footprint on SMR site, modular 
design, non-electric applications, different source term (reduced), siting 
locations, underground construction (in some cases impacting potential 
management of soil issues and/or increased impacts to groundwater) and 
waste management (the amount of liquid, solid and gaseous waste is likely 
to be less than for a large reactor), impacts to human health from potential 

radiological and non-radiological contaminants (significantly  reduced), 
socio-economic factors (different considerations/applicability of approach 
may be reviewed  particularly  if SMRs are to be located in remote locations), 
risk of environmental impacts from accidents (significantly  reduced).

14.  Emergency Planning

The lower risk demonstrated by SMR technologies means the emergency 
planning requirements are likely to also be reduced. The size of the EPZ will 
be reduced. The smaller workforce on site will mean smaller emergency 
facilities. The failsafe passive approach to incident management means there 
is likely to be a clear and structured plan based on the passive safety features. 
Most SMRs cannot fall into a “hot” mode and emergency planning has to be 
revisited. In many nuclear facilities the time of highest risk is during fuelling, 
defueling or refuelling, this will include transportation of fuel.  In many SMRs 
this risk is reduced by cartridge of unit fuel systems being used. As with all 
nuclear installations the international rules will apply and safeguards through 
Emergency Planning provision will be required. 

15.  Security/Nuclear Security

The nature of the fuel cells, their size and modes of transportation significantly 
enhances the security aspects of SMRs. This, alongside the smaller site 
area, the reduced structures and the ability to contain data within site and 
only export data which can be safely transmitted, is a major aspect. Setting 
secure digital controls on access to information will apply to all security of 
SMRs from COO manufacturing to host country data availability. This means 
the vendor`s intellectual property rights can be protected more readily. The 
ability to deliver a fuelled or ready to be fuelled power generation reactor 
into a pre-built site and complete construction in a short time-frame limits 
interference and allows greater security.

16.  Fuel/Fuel Cycle Management

The fuel cycle in SMRs can range from close to a decade to the life of the 
plant. The management of the fuel cycle will be very different from large 
plants. The waste fuel from SMRs will be of small size – some estimates say 
about the size of a London Taxi! This allows storage on site in secure facilities 
until final decommissioning. Refuelling will be dependent on the technology 
but in most SMR designs, the fuel is provided in capsule form and able to be 
removed and installed by remote operation.

17.  Waste/Waste Management and Storage

As above the storage and management of SMR waste fuel is a low-risk 
function. It can be stored in safe facilities on site for the life of the plant or 
repatriated to the COO.
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18. Industrial capacity

We consider that many countries will have a core industrial capacity to sustain 
construction of pre-manufactured modular units. The training and education 
process will be utilised in addition to the COO training and the approach we 
have seen in other areas will enhance the overall industrial and technology 
capacity of the host country.

19.  Procurement

This is a specialist aspect of the process. It requires an understanding of 
the full regulatory and compliance aspects. It usually follows on the IAEA 
approach to examination of progress and once satisfied that the controls 
and regulations are in place and being monitored, the procurement process 
can be supported by the international organisations. The process needs 
to be done in a thoughtful way to avoid a pre-judgement on procurement 
of technology but at the same time a relationship with the COO and the 
technology vendor may be required. Specific procurement structures are 
available to support this approach, and to avoid a host country being required 
to commit fully before it is ready to do so.

Before any state or independent jurisdiction can engage in the preparation for 
deployment of a nuclear power plant within that jurisdiction it must be able to 
demonstrate its consideration of and ability to meet international standards in 
relation to each of these nineteen areas. 

Many countries which are ambitious about participating in nuclear power 
generation will not be able to meet the requirements at early stages but we have 
seen much progress made in countries where the central policy decisions are 
made and fully supported. The list of countries that were recognised as having 
the regulatory capacity required in 2020 is given in the attached Appendix 2, 
these now include the United Arab Emirates and The Kingdom of Saudi Arabia. 
Aspiring countries such as Kenya are also set to move forward.

This means the idea of having a universal regulatory structure applied for SMR 
technologies and a process which would allow regulatory compliance in one 
jurisdiction to be applied in another jurisdiction, can be successful by following 
the correct steps and making decisions in a compliant and transparent way. 
In our view this should encourage potential participating host countries to 
engage in discussion with COOs and vendors of technologies and make the 
appropriate policy decision on an incremental basis. The ability to demonstrate 
the competence which would be accepted to allow them to participate in the 
required international conventions, is not as daunting as it may seem and the 
evidence of those who are acknowledged in Appendix 2 will attest to the support 
and engagement available.  

The complexity of the core engineering for advanced technologies and SMRs 
may be factory based in the COO so it may take time to assimilate all the interface 
components of regulation, compliance, approval and safety in the host country. 
The issue is addressed as a starting reference in the WNA paper – “World 
Standardisation of Reactor Designs” (although this was more focussed on large 
reactors) and the subsequent paper on the road map to - “Facilitating International 
Licensing of Small Modular Reactors” - by the WNA CORDEL ad hoc team. In 2015 
when the paper was published by the WNA it concluded that the time was right 
for the harmonisation of international regulatory design standards and approvals. 
The subsequent Road Map paper in 2017 identified a more detailed analysis. 
There is consensus that control is required for: the manufacturing facility in COO; 
the method and control of transportation; and the construction and operation of 
facilities. It is already demonstrated in recent activity that bilateral agreements 
at government level, utilising the high expertise of advanced nuclear countries 
to support the lower expertise or financial capability of host countries, can 
facilitate the development and deployment of nuclear technologies. A willingness 
to collaborate to expedite and deliver this approach for the available SMR 
technologies would seem an obvious next step.

In our view the processes based on the historic approach need to be revisited 
to bring them up to date to meet the challenge of the climate emergency and to 
recognise the impact of digitalisation and advanced manufacturing techniques.

We start by looking at the following areas:

1. Safety

2. Assurance and Competence

In each case the need for regulation control and supervision is obvious. 
However, we see ways in which the current system may be adjusted to meet the 
challenges ahead.

The safety review of design of nuclear power reactors following the natural 
disaster in Japan which caused the shutdown of the Fukushima Plant concluded 
that there were no inherent safety risks in the IAEA nuclear reactor design control 
process and that only minor adjustments to the guidance was required. This is an 
endorsement of the international safety and compliance regulations which apply 
to nuclear installations internationally. We look in more detail at the regulations 
and their application below.
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Some countries like the USA and Canada are very closely aligned in approach for 
example whereas the UK notably has a different approach. While the underlying 
IAEA guidance remains the same, the process and procedure for ensuring the 
safety of a design of a nuclear reactor is sometimes significantly different in 
requirements, timeline and cost.

The IAEA approach to safety is provided in the extremely helpful and 
comprehensive series of papers on standards.1 The IAEA document Safety of 
Nuclear Power Plants: Design: has the following statement in its introduction.

Regulating safety is a national responsibility, and many states have decided 
to adopt the IAEA’s standards for use in their national regulations. For parties 
to the various international safety conventions, IAEA standards provide a 
consistent, reliable means of ensuring the effective fulfilment of obligations 
under the conventions. The standards are also applied by regulatory bodies 
and operators around the world to enhance safety in nuclear power generation 
and in nuclear applications in medicine, industry, agriculture and research.

In the United Kingdom, which has one of the most stringent regimes, there are 
a series of core statutes and regulations issued and referenced as the basis for 
safety controls. These are:

Primary nuclear legislation

•  Atomic Energy Act 1946

•  Atomic Energy Authority Act 1954 

•  Atomic Energy Authority Act 1986

•  Nuclear Safeguards and Electricity (Finance) Act 1978 

•  Energy Act 2004

•  Energy Act 2008

•  Energy Act 2013

•  Nuclear Safeguards Act 2000

•  Nuclear Safeguards Act 2018

•  Radioactive Substances Act 1993

•  Health and Safety at Work etc. Act of 1974

•  Ionising Radiation Regulations 2017

•  Nuclear Installations Act 1965 as amended by the Nuclear Installations 
(Liability for Damage) Order 2016

• Nuclear Installations (Liability for Damage) Order 2016

1 See: https://www.iaea.org/resources/safety-standards

Safety Regulation

Following the principle 
of Sovereignty, 
individual states have 
developed their own 
nuclear regulatory 
authority, resulting 
in variations in 
regulatory regimes and 
approaches to reactor 
design approval.

In our view core legislation is not the main obstacle to creation of a compliant 
system of governance for nuclear safety. The UK for example, through these 
legislative measures, is accepted as complying with the basic 19 requirements 
for compliance with IAEA competence in managing a process of having nuclear 
power generation within its jurisdiction. As has been demonstrated most recently 
by Saudi Arabia, creation of the legislation and regulatory structure can be 
achieved, within a relatively short timescale. A country will not undertake such a 
process on a speculative basis so it must have at least an intention to engage in 
nuclear power production. 

The United Kingdom legislation on nuclear safety sits within the context of other 
treaties, conventions and regulatory controls. The main parts of which are:

Nuclear safety and emergency response

• Convention on Assistance in the Case of a Nuclear Accident or 
Radiological Emergency

•  Convention on Early Notification of a Nuclear Accident

•  Convention on Nuclear Safety

•  Joint Convention on the Safety of Spent Fuel Management and on the 
Safety of Radioactive Waste Management

•  Nuclear security, non-proliferation and nuclear safeguards

•  Treaty on the Non-Proliferation of Nuclear Weapons

•  Convention on the Physical Protection of Nuclear Materials

•  Amendment to the Convention on the Physical Protection of 
Nuclear Material

•  International Convention for the Suppression of Terrorist Bombings

•  International Convention for the Suppression of the Financing of Terrorism

•  International Convention for the Suppression of Acts of Nuclear Terrorism

•  Comprehensive Nuclear Test Ban Treaty*

Environmental protection

•  Convention on Environmental Impact Assessment in a Transboundary 
Context (Espoo Convention)

•  Convention for the Protection of the Marine Environment of the North-East 
Atlantic (OSPAR)

•  Convention on Access to Information, Public Participation in Decision-
Making and Access to Justice in Environmental Matters (Aarhus 
Convention)
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Liability and compensation for nuclear damage

•  Paris Convention on Nuclear Third Party Liability

•  Brussels Supplementary Convention on Third Party Liability in the Field of 
Nuclear Energy

•  Protocol to Amend the Paris Convention on Nuclear Third Party Liability*

•  Protocol to Amend the Brussels Convention Supplementary to the Paris 
Convention*

By signing up to the relevant conventions and treaties, as most UN member 
countries have, and by creating the legislative structure similar to the United 
Kingdom or the USA or Canada, a country which wants to become involved in 
nuclear power production can meet the IAEA requirements.

Safety Regulation

Nuclear power plant 
machinery room
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Assurance and Competence

The design standards issued by the IAEA are expressed as guidance. With the 
following statement:

International conventions contain requirements similar to those in the IAEA 
safety standards and make them binding on contracting parties. The IAEA safety 
standards, supplemented by international conventions, industry standards and 
detailed national requirements, establish a consistent basis for protecting people 
and the environment.

The legal basis for the international standards for safety in nuclear power plants 
is the international conventions. This means that they are governed by the rules 
of International Public law. 

The Convention on Nuclear Safety was adopted by the signatory countries 
following the final plenary session on the debate in 1994. It came into force in 
October 1996 after 22 signatures were appended to the Convention. As is 
apparent to those involved in the industry, change in these aspects takes time 
and sometimes significantly longer than the advancements in technology. 

Article 1 of the Convention states the objective:

(i) To achieve and maintain a high level of nuclear safety worldwide through 
the enhancement of national measures and international co-operation 
including, where appropriate, safety-related technical co-operation; 

(ii) To establish and maintain effective defences in nuclear installations 
against potential radiological hazards in order to protect individuals, 
society and the environment from harmful effects of ionizing radiation from 
such installations;

(iii) To prevent accidents with radiological consequences and to mitigate such 
consequences should they occur.

The key words here in our view are: “… to maintain a high level of nuclear safety 
through the enhancement of…international co-operation including… safety-
related technical co-operation”. 

The Convention also requires the separation of regulation from promotion or 
utilisation of nuclear power AND it requires there to be in place legislation which 
provides for licences for use of nuclear power and for the licence holder to be 
responsible for the safety of the licensed facility.

Safety is inextricably 
tied to the management 
competence of the state 
in which the technology 
is to be located.

Before a nuclear facility can be contemplated the legislative obligations must be 
met. It is possible to progress different parts of the process in parallel so site 
selection, operator competence, environmental reports, and design approvals 
may be active parts at the same time. 

The design aspect of the process is the one which gets most attention in the UK 
where operational commercial nuclear reactors must pass through what is called 
the Generic Design Assessment (GDA).  

The UK safety regulator, The Office for Nuclear Regulation (ONR), has published 
its guidance in which it is said that the objective is:

(a) A robust design with appropriate limits and conditions for operation.

(b) To ensure;

(i) That faults do not occur.

(ii) If faults do occur they are controlled.

(iii) If protection fails systems are in place to mitigate consequences.

(c) To do their role ONR look;

(i) At Conservative design.

(ii) Good Operating practice.

(iii) Proper maintenance.

(iv) Testing.

(d) Interrogating designs includes consideration of;

(i) Facility wide tolerance of failure.

(ii) Fault sequences leading to possible severe accidents.

(iii) Additional Equipment needed.

This results the ONR says in “Defence in Depth” and “Realistic Guidance” on 
actions to be taken.
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The US Regulator, the NRC states:

The NRC’s overall responsibility is to protect public health and safety in the civilian 
uses of radioactive materials. It has the following main regulatory functions: 

• establish standards and regulations. 

• issue licenses, certificates, and permits. 

• ensure compliance with established standards and regulations. 

• conducts research, adjudication, risk and performance assessments to 
support regulatory decisions. 

The NRC carries out these regulatory functions to regulate nuclear power plants, 
fuel cycle facilities, and other civilian uses of radioactive materials, such as 
nuclear medicine programs at hospitals and academic activities at educational 
and research institutions. The NRC also uses these functions to regulate such 
industrial applications as gauges, irradiators, and other devices that contain 
radioactive material.

The difference in approaches across the UK, USA, Canada, South Korea, China 
and elsewhere, demonstrates that there is a degree of subjectivity in the approach 
required to implement an IAEA compliant safety and design approval process 
while maintaining a very high level of assurance, through competent management 
of the process. In our view, in most circumstances the experts analysing the 
design and licensing information would be in agreement as to the suitability or 
otherwise of the data provided. The differences are largely in approach of policy 
as to the degree to which the regulator must review the safety of the design or 
approve the safety of the design based on the regulator`s assessment of the 
competent design.

Assurance and Competence

Below is the ONR/EA guidance on how these steps are progressed. Similar 
processes are applied to each of licensing and environmental issues:

Generic design assessment

The Nuclear Regulators have published guidance material on the Generic Design 
Assessment process for new nuclear power stations. These documents are 
aimed primarily at organisations intending to submit their reactor designs for 
assessment but may also be helpful to other parties interested in the process.

•  New Nuclear Power Plants: Generic Design Assessment Guidance 
to Requesting Parties  
ONR-GDA-GD-006 Revision 0, October 2019 
This document provides details of ONR's expectations and requirements 
for conducting a GDA. Note that this version of the guidance will apply to 
all GDA activities started after October 2019.

•  A guide to the Regulatory Process  
Revision 0, September 2013.

•  New nuclear reactors: Generic Design Assessment - Guidance to 
Requesting Parties for the UK HPR1000  
ONR-GDA-GD-001 Revision 4, October 2019 
This document provides details of ONR's expectations and requirements 
for conducting a GDA. Note that this version of the guidance applies to the 
GDA of the UK HPR1000 design only.

•  New nuclear power plants: Generic Design Assessment Technical 
Guidance  
ONR-GDA-GD-007 Revision 0. May 2019. This document provides 
additional guidance for each of ONR’s technical assessment topics.

•  New nuclear power plants: Generic Design Assessment guidance 
for Requesting Parties  
(Environment Agency)  
This guidance from the Environment Agency explains the Generic Design 
Assessment (GDA) process for organisations who want to submit a 
nuclear power plant design for assessment.

• Process and Information Document for Generic Assessment of 
Candidate Nuclear Power Plants  
Guidance from the Environment Agency setting out how it will assess 
environmental issues. Version 2

•  GDA Comments Process  
Revision 3, current from February 2020

•  GDA Comments Process  
Revision 2, current to January 2020

Generic Design Assessment 
Process in the UK

The ONR approach is 
based on three steps:

Step 1:
Initiation

Step 2:
Fundamental Assessment

Step 3:
Detailed Assessment

The NRC approach 
seems to be the 
favoured approach 
internationally.
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INTERNATIONAL DEPLOYMENT

STEP 1 Initial discussions between vendor and 
ONR. Experience suggests this can be a 
relatively lengthy process in which ONR 
requests multiple details, documents, 
certifications etc.

In general the 
ONR will require 
this step to be 
completed before 
moving to step 
2. ONR does not 
give a timeline 
indication.

STEP 2 Fundamental design, safety and 
security review. 

Estimated 2-8 
months. The 
timeline will 
depend on how 
developed and 
supported the 
design of the 
technology is. 
Advanced states of 
design should go 
through this step 
more quickly.

STEP 3 Overall design, safety and security 
review.

12 months. 

STEP 4 Detailed design, safety and security 
review.

28 months.

OUTPUT ONR DESIGN ACCEPTANCE 
CERTIFICATE

Overall timeline- do 
not expect less 
than 4 years!

A comparison with the process applied by the NRC can be seen in the report 
on the actual timeline that it took for the NRC to issue the Safety Evaluation 
Certification for the NuScale reactor design, starting at the equivalent of STEP 2 
of the ONR process.

The Regulatory guidance 
issued by the ONR 
indicates the following 
timeline, which has four 
steps as opposed to the 
headline statement that 
the ONR uses a three-
step process:

Our understanding of the process applied by the NRC is that by considering the 
design process undertaken and the nature of the technology applied, the NRC 
could in effect consolidate what the ONR applies as Step 2, 3 and 4 into a single 
stage lasting from April 2018 until August 2020. Perhaps the ONR could consider 
a similar approach to SMR approvals in the UK. Certainly in other countries it 
seems that the US process would lend itself to adoption. 

Safety Review

Phase 1 – Preliminary Safety Evaluation Report (SER) 
and Requests for Additional Information

04/16/18 – A

Phase 2 – SER with Open Items 07/12/191 – A

Phase 3 - ACRS Review of SER with Open Items 07/12/19 – A

Phase 4 – Advanced SER with No Open Items 12/12/19 – A

Phase 5 – ACRS Review of Advanced SER with No 
Open Items

07/31/202 – A

Phase 6 – Final SER with No Open Items 08/28/203 – A

Note 1: Phase 2 is considered complete. However, due to some unresolved 
issues, the SERs for Chapters 15 and 20 remained preliminary and a final 
Phase 2 SER was not issued. Any remaining issues and associated open 
items were resolved before completion of Phase 4 (Refer to NRC letter to 
NuScale of May 16, 2019 (ADAMS Accession No. ML19122A050)).

Note 2: Due to NuScale's design change and proposed schedule 
modification for submitting the revised supporting documentation, the Phase 
5 milestone of 06/23/20 was delayed. This milestone was revised to reflect a 
Phase 5 milestone of 07/31/20 upon receipt of NuScale's final design change 
package (Refer to NRC letter to NuScale of May 1, 2020 (ADAMS Accession 
No. ML20112F455)).

Note 3: Phase 6 is complete and the final SER was issued (ADAMS Accession 
No. ML20023A318). The Phase 6 milestone was met 11 days ahead of the 
target date of September 8, 2020

Generic Design Assessment Process in the UK
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INTERNATIONAL DEPLOYMENT

The treaties and conventions adopt a similar and consistent approach – so that 
each host nation for nuclear power generation must:

•  Take appropriate steps to ensure assessment and verification of nuclear 
technology so that there is a systematic and comprehensive approach to 
safety requiring assessments at:

(i)  Pre-design

(ii) Design

(iii)  Construction

(iv)  Commissioning

(v) Operation (including fuelling)

(vi)  Shut down 

(vii) Decommissioning

• The assessment process must be documented as a process and required 
by regulation.

• Assessments carried out must disclose all relevant safety information and 
identify risks.

•  Process and documentation is to be disclosed and retained.

•  Process requirements are to be updated and as appropriate re-
assessment carried out.

•  Assessments and procedures are to be reviewed and approved and 
reported to the relevant regulatory body.

•  Assessments will be verified by surveillance, testing and inspection.

•  The assessments must demonstrate that the nuclear installation is 
maintained in its intended physical condition, in accordance with its design 
or subsequent approved changes in design, the applicable national safety 
requirements and that it operates within the intended limits and controls.

International Standards

Copyright © NuScale Power, LLC.

Visualisation of transportation of SMR by tugboat and barge
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SUMMARY

SUMMARY
No nuclear power = not meeting decarbonisation objectives
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SUMMARY

Climate Objectives Need Nuclear

Despite the complexity of the topic and the historic extended timelines applied 
in the regulatory process for large nuclear, it is we believe demonstrated that 
SMRs have the potential to move through the process more quickly than large 
nuclear technologies. Many steps may be undertaken in parallel and the potential 
for adoption of another country`s competent assessment and certification must 
be opened up for better consideration.   The international adoption of common 
standards through the UN conventions and treaties and the unifying and 
cooperation initiatives by bodies such as the IAEA, WNA, NEA and many others, 
suggests a willingness to facilitate the approach required.

The UNECE recommends policy measures to support nuclear power generation 
and the acceleration of the development and deployment of SMRs and advanced 
reactor technologies, as well as securing the long-term operation of existing 
nuclear power generation.

The director of UNECE sustainable energy states:

"Our analyses show that our climate objectives cannot be met if 
technologies such as nuclear power are excluded. That reality creates  
an imperative for governments to put in place policy frameworks that 
deliver the world's social, environmental and economic objectives in an 
agnostic, technology-neutral way."

Whilst conservative policy approaches and security sensitivities are understood, 
the risk inherent in SMR technology is of several orders of magnitude smaller 
than large nuclear plants. The advanced technologies and new generation 
designs and safety approaches, suggest that there is a potential to take a fresh 
look at the processes involved and as they did in the NRC approach adopt a 
competence collaboration to jointly achieve the certification of the technology. It 
may also ultimately prove to be in each COO’s interests in what is expected to be 
the biggest technology adoption in power generation in over 20 years. 

We suggest given the demonstration of galvanised activity during the COVID 19 
Pandemic- to produce a vaccine in record time, have it licensed and deployed 
internationally, led by the world beating scientists in the UK - the same approach 
adopted in relation to the development, licensing and deployment of SMR 
technologies can play the critical role that the scientific industry say is required to 
meet the climate change challenge the planet is facing.

Recent papers maintain in places that the same standards for safety must be 
maintained in relation to the development and production of SMRs. We agree 
with the statements made. We consider though that it does not follow that the 
extended and cumbersome processes which we see currently applied have to be 
continued in the future. We consider the nuclear industry to be a global industry 
with a need to break away from a sovereign-based structure for regulation in the 
same way as aircraft and shipping has done. A first step might be an agreement 
by national Nuclear Regulators to accept a range of common technical codes.

The process is not easy and is bound by the imperative of safety for all. In our view 
there is no reason why the existing system of controls underpinned by the rules, 
treaties and conventions cannot be made applicable to a universal system of 
technology approval. The existing mechanisms would allow signatory countries to 
adopt technical approvals and subject to their own regulatory certification permit 
the development and deployment of the approved technology in the relevant 
jurisdiction. This can all be achieved without reducing the safety requirements or 
the actual delivered safety. 

Such an approach would not reduce the state liability nor the licensed operator’s 
liability. It would potentially reinforce the endorsement of the COO approval 
process and with continuing IAEA oversight and unification of processes within a 
relatively short time it would open the world markets to this much needed solution.   
The challenge is there to be met if the governments and financiers, UN and IAEA 
can step up to support those who can help solve the crisis the world is facing.

"The world is facing a climate catastrophe! 
Now is the time to act."
Christiana Figueres
Executive Secretary and Lead Author of the Paris Climate Accord (September 2021)
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CONCLUSION

CONCLUSION
Revise the regulatory process
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CONCLUSION

Part of the benefit of reviewing the multiple papers afresh is to gain perspective on 
a way forward. In our view the revisiting of issues which have been addressed in 
depth will be helpful only if there is a parallel approach which operates on a directive 
basis for new regulation rather than a consultative basis on technical compliance. 
Separation of the technical approval issues from the regulatory structure is now 
appropriate as it seems from the papers that some of the considerations are 
moving from a consideration of the methodology to a consideration of the approval 
process. Whilst new issues have been raised, it seems that a carefully designed 
regulatory process can cope with these new issues if they arise in practice. 

Overcoming the inertia derived from a lack of clear direction at government 
level and lack of coherent policy decisions must be a priority. The IAEA has been 
pressing this agenda for years and it is now time for political leaders to listen 
and adopt the solution the scientists and engineers know is achievable. A joint 
directive to establish a uniform basis for regulation and safety of SMRs, which 
can be signed up to by the IAEA membership is now a necessity and most of the 
information required to create that outcome is already available. We see, through 
the great work we have reviewed, a position where the regulatory controls 
can be maintained, where national interests and liabilities are dealt with in a 
balanced and secure way and where the adoption of directed outcome will lead 
to near term adoption of a process of internationalising the availability of SMR 
power  generation.

If we can see the way to un-block the process and release industry to do what 
it needs to do, we believe others can also see the way forward and we hope this 
guide may bring some helpful clarity to the background and the approaches we 
envisage as being necessary to meet the universal objective.

Next Steps

We will issue Part II which will set out the framework for the regulatory 
structure which may be adopted at an international level and used by national 
governments with the aspiration to adopting SMR power generation as part 
of the future sustainable source of power in growing economies.

Andrew Renton & Simon Stuttaford

Revise the Regulatory Process APPENDIX 1
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APPENDIX

APPENDIX 2 
List of National Nuclear Regulators
The list of national nuclear regulators in 2020 is:

National Nuclear Regulatory Commission ( 
NNRC) is responsible for nuclear licensing 
and nuclear standards in Brazil.

Bulgarian Nuclear Regulatory Agency (NRA) – The 
Chair of the NRA is responsible for the regulation of 
nuclear energy, ionizing radiation, and radioactive 
waste and spent fuel management in Bulgaria.

Canadian Nuclear Safety Commission (CNSC) – 
Formerly the Atomic Energy Control Board (AECB), 
the CNSC oversees almost all activities in Canada 
involving nuclear energy and materials.

Chilean Nuclear Energy Commission (CCHEN) –  
CCHEN was created in 1965  to "address the problems 
associated with the production, acquisition, transfer, 
transport and peaceful use of nuclear energy and of 
radioactive fissile and fertile materials." Its predecessor, 
Chile's National Nuclear Energy Commission 
(CNEN) had been established the previous year.

China's National Nuclear Safety Administration (NNSA) 
– Established in 1984 within the State Science and 
Technology Commission, the NNSA is the national 
nuclear and radiation safety regulator of China. In 
1998 the NNSA was incorporated into the State 
Environmental Protection Administration, which in 2008 
became the Ministry of Environmental Protection.

Czech State Office for Nuclear Safety (SUJB) – 
The SUJB is the regulatory body responsible for 
governmental administration and supervision of 
nuclear energy use and radiation protection.

Euratom Supply Agency (ESA) – The ESA's 
mission is to ensure a regular and equitable 
supply of nuclear fuel for EU users.

Finnish Radiation and Nuclear Safety Authority (STUK) 
– STUK regulates the use of nuclear energy in Finland 
and also conducts research into radiation exposure.

Hungarian Atomic Energy Authority (HAEA) – Licensing 
and regulatory supervision of Hungary's nuclear 
facilities fall into the competence of the HAEA.

International Atomic Energy Agency (IAEA) – The IAEA 
serves as the world's central intergovernmental forum for 
scientific and technical cooperation in the nuclear field. It 
is a specialized agency within the United Nations system. 

International Nuclear Law Association (INLA) – 
The INLA promotes studies and the knowledge 
of legal problems related to nuclear energy. In 
particular, it organizes congresses, discussions, 
lectures, conferences and seminars.

Israel Atomic Energy Commission (IAEC) – Established 
in 1952, the IAEC operates two research centres: the 
Soreq Nuclear Research Center and the Shimon Peres 
Negev Nuclear Research Center. The IAEC advises the 
government of Israel in areas of nuclear policy and in 
setting priorities in nuclear research and development.

Nuclear Regulation Authority, Japan – The NRA was 
established in 2012 as an external organization of the 
Ministry of the Environment. It replaced the Nuclear and 
Industrial Safety Agency (NISA), which came under the 
Ministry of Economy, Trade and Industry (METI), in order 
to separate nuclear regulation from the department 
responsible for natural resources and energy.

Korea Institute of Nuclear Safety (KINS) – This is a 
technical expert organization which performs regulatory 
functions such as safety reviews, inspections, and 
development of technical standards for the regulation 
of nuclear power plants and radiation facilities.

Latvian Ministry of Environmental Protection and 
Regional Development (VARAM) – The Ministry is 
responsible for radiation protection and nuclear safety.

Lithuanian Nuclear Power Safety Inspectorate 
(VATESI) – VATESI was established in 1991 following 
Lithuania's independence to ensure that nuclear 
safety standards meet international standards.

Rostechnadzor (Federal Environmental, Industrial 
and Nuclear Supervision Service of Russia) 
– Rostechnadzor is the Russian federal state 
supervisory body for nuclear energy uses. 

Nuclear Regulatory Authority of the Slovak Republic (UJD) 
– The UJD supervises the safety of nuclear installations, 
including radioactive waste management, spent fuel 
management and other stages of the fuel cycle.

Spanish Council for Nuclear Safety (CSN) – The CSN 
oversees nuclear safety and radiation protection in 
Spain, and is independent of central government.

Swedish Radiation Safety Authority (SSM) – The SSM is 
responsible for the regulation of nuclear safety, radiation 
protection and nuclear non-proliferation in Sweden. .

Swiss Federal Nuclear Safety Inspectorate (ENSI) – 
ENSI is the Swiss regulatory body with responsibility for 
the nuclear safety and security of nuclear facilities.

Thai Office of Atoms for Peace (OAP) – Thailand's 
Office of Atomic Energy for Peace (OAEP) was 
established through the 1961 Atomic Energy for 
Peace Act. OAEP was responsible for undertaking 
research and development in nuclear technology and 
regulating nuclear and radiation safety. In 2002 it was 
renamed the Office of Atoms for Peace (OAP) and in 
2006 its nuclear research functions were transferred 
to the Thailand Nuclear Institute of Technology.

Turkish Nuclear Regulatory Authority (Nükleer Düzenleme 
Kurumu, NDK) – The NDK was established in 2018 to 
take over the nuclear safety and security regulatory 
role of the Turkish Atomic Energy Authority (TAEK). The 
TAEK was formed in 1982  during the restructuring of the 
Atomic Energy Commission, which was established in 
1956. (The TAEK remains responsible for making nuclear 
policy recommendations to the prime minister, setting 
up and operating nuclear research centres, as well as  
radioactive waste disposal and preparing the draft of 
the National Radioactive Waste Management Plan.)

UK Office for Nuclear Regulation (ONR) –  
Established as an independent public corporation 
in April 2014, the ONR is responsible for regulating 
nuclear safety and security across the UK.

US Nuclear Regulatory Commission (NRC) – The 
NRC is an independent agency established under 
the Energy Reorganization Act of 1974 to ensure 
adequate protection of the public health and safety, the 
common defence and security, and the environment 
in the use of nuclear materials in the USA.

Vietnam Agency for Radiation and Nuclear Safety 
(VARANS) – VARANS is an agency under the Ministry 
of Science and Technology that assists the Minister 
to fulfil the functions of ensuring nuclear and radiation 
safety, and the security of nuclear material.
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APPENDIX

APPENDIX 3
WNA Table of SMRs
https://www.world-nuclear.org/information-library/nuclear-fuel-cycle/nuclear-power-reactors/small-nuclear-power-reactors.aspx

Small reactors operating

Name Capacity Type Developer

CNP-300 300 MWe PWR SNERDI/CNNC, Pakistan & China

PHWR-220 220 MWe PHWR NPCIL, India

EGP-6 11 MWe LWGR at Bilibino, Siberia (cogen, soon to retire)

KLT-40S 35 MWe PWR OKBM, Russia

RITM-200 50 MWe Integral PWR, civil marine OKBM, Russia

Small reactor designs under construction

Name Capacity Type Developer

CAREM25 27 MWe Integral PWR CNEA & INVAP, Argentina

HTR-PM 210 MWe Twin HTR INET, CNEC & Huaneng, China

ACP100/Linglong One 125 MWe Integral PWR CNNC, China

BREST 300 MWe Lead FNR RDIPE, Russia

Small reactors for near-term deployment – development well advanced

Name Capacity Type Developer

VBER-300 300 MWe PWR OKBM, Russia

NuScale 77 MWe Integral PWR NuScale Power + Fluor, USA

SMR-160 160 MWe PWR Holtec, USA + SNC-Lavalin, Canada

SMART 100 MWe Integral PWR KAERI, South Korea

BWRX-300 300 MWe BWR GE Hitachi, USA

PRISM 311 MWe Sodium FNR GE Hitachi, USA

Natrium 345 MWe Sodium FNR TerraPower + GE Hitachi, USA

ARC-100 100 MWe Sodium FNR ARC with GE Hitachi, USA

Integral MSR 192 MWe MSR Terrestrial Energy, Canada

Seaborg CMSR 100 MWe MSR Seaborg, Denmark

Hermes prototype <50 MWt MSR-Triso Kairos, USA

RITM-200M 50 MWe Integral PWR OKBM, Russia

RITM-200N 55 MWe Integral PWR OKBM, Russia

BANDI-60S 60 MWe PWR Kepco, South Korea

Xe-100 80 MWe HTR X-energy, USA

ACPR50S 60 MWe PWR CGN, China

Moltex SSR-W 300 MWe MSR Moltex, UK

Small reactor designs at earlier stages (or shelved)

Name Capacity Type Developer

EM2 240 MWe HTR, FNR General Atomics (USA)

FMR 50 MWe HTR, FNR General Atomics + Framatome

VK-300 300 MWe BWR NIKIET, Russia

AHWR-300 LEU 300 MWe PHWR BARC, India

CAP200 LandStar-V 220 MWe PWR SNERDI/SPIC, China

SNP350 350 MWe PWR SNERDI, China

ACPR100 140 MWe Integral PWR CGN, China

IMR 350 MWe Integral PWR Mitsubishi Heavy Ind, Japan*

Westinghouse SMR 225 MWe Integral PWR Westinghouse, USA*

mPower 195 MWe Integral PWR BWXT, USA*

UK SMR 470 MWe PWR Rolls-Royce, UK

PBMR 165 MWe HTR PBMR, South Africa*

HTMR-100 35 MWe HTR HTMR Ltd, South Africa

MCFR large? MSR/FNR Southern Co, TerraPower, USA

SVBR-100 100 MWe Lead-Bi FNR AKME-Engineering, Russia*

Westinghouse LFR 300 MWe Lead FNR Westinghouse, USA

TMSR-SF 100 MWt MSR SINAP, China

PB-FHR 100 MWe MSR UC Berkeley, USA

Moltex SSR-U 150 MWe MSR/FNR Moltex, UK

Thorcon TMSR 250 MWe MSR Martingale, USA

Leadir-PS100 36 MWe Lead-cooled Northern Nuclear, Canada

Very small reactor designs being developed (up to 25 MWe)

Name Capacity Type Developer

U-battery 4 MWe HTR Urenco-led consortium, UK

Starcore 10-20 MWe HTR Starcore, Quebec

MMR-5/-10 5 or 10 MWe HTR UltraSafe Nuclear, USA

Holos Quad 3-13 MWe HTR HolosGen, USA

Gen4 module 25 MWe Lead-bismuth FNR Gen4 (Hyperion), USA

Xe-Mobile 1-5 MWe HTR X-energy, USA

BANR 50 MWt HTR BWXT, USA

Sealer 3-10 MWe Lead FNR LeadCold, Sweden

eVinci 0.2-5 MWe Heatpipe FNR Westinghouse, USA

Aurora 1.5 MWe Heatpipe FNR Oklo, USA

NuScale micro 1-10 MWe Heatpipe NuScale, USA
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APPENDIX

Analyses indicate that 
the world's climate 
objectives will not be met 
if nuclear technologies 
are excluded.”

Copyright © Rolls-Royce.

Developer's visualisation of what a new SMR power station would look like.
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