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Safety, Security, and Safeguards

The three main aspects of nuclear law for 3S have been reported to be 
as follows:

• Safety: Unintended conditions or events leading to radioactive
releases from authorized activities.

• Security: Intentional misuse of nuclear or other radioactive materials
by non-State elements.

• Safeguards/Nonproliferation: Activities by states that could lead to
the acquisition of nuclear weapons.
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Three legal aspects of 3S 

These three legal aspects lead to the following three corresponding 
threats:

• Safety Threat: Accident due to system failure, human error, or natural 
disaster.

• Security Threat: Terrorism due to sabotage, external attack, or inside 
malicious act.

• Safeguards/Nonproliferation Threat: Diversion or misuse for non-
peaceful purpose.
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Individual objectives of 3S

The individual objectives of 3S are the following:

• Safety: Protect people and the environment from radiation.

• Security: Protect nuclear materials and facilities from malevolent 
people.

• Safeguards: Protect people and the environment from malicious 
people.
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Joint fundamental objective: to protect people and the environment 
from harmful effects of ionizing radiation 



Unions and Intersections of 3S

The three individual disciplines associated with 3S have evolved 
separately over time.

2S 2S

2S

3S
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Initial Focus on 3S Concept

• 3S concept was supported in 2008 at the Hokkaido Toyako summit
Japan G8 countries pledged to raise awareness of 3S and to assist
countries in setting up nuclear energy infrastructures that are
essential for a successful nuclear energy program.

• The motivation support strong national programs in safety, security,
and safeguards during the nuclear renaissance (pre-Fukushima).

• Safety, security and safeguards are three of the nineteen issues
identified in the IAEA’s “Milestones in the Development of a National
Infrastructure for Nuclear Power, NG-G-3.1, for embarking countries.
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3S –Laws, Regulations, and Operations

• IAEA Handbook on Nuclear Law Vol II –Provides guidance on how to
address 3S in national legislation (published 2010).

• National nuclear regulations-Many embarking countries have 
adopted 3S regulatory bodies.

• Nuclear Operations –Operators must meet all requirements for 3S as
efficiently as possible (example -Integrated Management Systems)
2015 Survey on 3S: More then 90% operators believe that the 3S
concept must be applied.

• 2012 IAEA TM on Safety, Security and Safeguards: Interfaces and
Synergies in Development of a Nuclear Power Program -Strong
support for 3S from nuclear power plant operators.

However, 3S has not been fully embraced by designers 
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Rise of Conflicts and Synergies

Why and how conflicts and synergies occur based on the need of access:

Access to Nuclear Material Information: All three disciplines require
access to nuclear material information. Thus, sharing this information can
lead to synergies. At the same time, however, access to certain information
(particularly that related to physical and information security) is restricted,
so conflicts do arise.

Access to Nuclear Material: Two disciplines safety and security restrict
physical access to nuclear materials, but the third discipline safeguards
requires access to nuclear materials, so conflicts do arise. At the same
time, however, safety and security may benefit from the sharing of
information collected during access to material.
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Structured Approach
for 

Incorporation 
and 

Evaluation of 3SBD
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Event Tree Approach for 3SBD

• The challenge is to effectively and efficiently integrate the 3S
requirements. To address this challenge, the potential for conflicts
and opportunities for synergy among the elements of 3S must be
identified.

• Benefits of considering all design elements as early in the design as
possible, results in the most robust product (Basic Design Principle).

•

• This approach identifies systematically that all possible factors
related to potentials challenges and synergies are catered adequately
during the process of design.
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Event Tree Approach for 3SBD

• Identifying conflicts and synergies among the 3S disciplines continues
to be a challenge because of the lack of combined technical
expertise for all three disciplines.

• A consistent, systematic and structured approach could lead to
greater effectiveness and efficiency for the combined 3S in terms of
design, construction, operation, and regulation in the long term.

• Identifying 3S relationships and interactions on a trilateral basis is
necessary, As three individual disciplines have evolved separately
over time.
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Incorporation and Evaluation of Synergies for 3SBD
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Incorporation and Evaluation of Challenges for 3SBD
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Description of Event Sequences

• End state of each logical event tree comprehensively identifies that
there are 8 possible scenarios for which challenges and synergies
addressed.

Questions related to Designer of SMRs:

• Does 3S the synergies and/or conflicts are applicable during designing
of SSCs?

Questions for reviewer, regulating authorities of SMR design:

• Does 3S the synergies are applicable and conflicts optimized by
Designer?
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Answer to Logical Question

• To answer these question various national and international
documents and requirements of diverse fields are utilized and most
of these are prepared for non-SMRs.

Safety

NUREG-0800, 10 CFR, ASME section-III-NB(2013) IEEE 323-1983,
IEEE.344-2013, IAEA Safety Standards etc.

Security

INFCIRC/225/Revision 5 , IAEA Security Series etc.

Safeguards

IAEA CSA (INFCIRC/153) and AP (INFCIRC/540) etc.

15



Single integrated Culture
• Each logical tree can be converted to can be transformed to a probabilistic

model, provided the sufficient data to quantitatively analyze the challenges
and synergies 3SBD.

• Safeguards and security communities have different histories and technical
aspects compared to safety, not only the mitigation plans as emergency
preparedness but also a risk assessment could be developed to promote
synergism between 3S.

• In safeguards, the estimation of intentional act leading to the diversion and
misuse of nuclear material is generally very difficult.

• PSA in safeguards and security has been evolving and applying to the
promotion of 3SBD activities.

• However, the theoretical basis is diverse, and the effectiveness of PSA in these
areas has not been clearly demonstrated yet.

Single integrated culture yet to emerge
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An Integrated Guideline: 
A Three Wheel CAR

• Incorporating the existing standards regarding 3S
for SMRs is not just a reinvention of wheel.
Various SMR specific modification would be
required as globally more then 70 design
concepts are under consideration.

• Despite claims, comprehensively Integrated
standard guidelines for 3SBD are not still
available even for non-SMRs.

• Integrated information for 3SBD of SMRs is
required due to the lack of combined technical
expertise for all three disciplines.
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Layout of a sample table  comprising of information about all three disciplines  

Sr. No Design task Required 
Safeguards

Required 
Security

Required 
Safety

Comments\ Rationale

1 Containment Synergy Synergy Synergy Provide an additional layer of security to
prevent malicious acts and sabotage of the
SMR.

2 Establish System 

of Accounting for 

and Control of 

Nuclear Materials 

(SSAC)

Synergy/ 
Conflict

Synergy/ 
Conflict

Synergy/ 
Conflict

Two disciplines safety and security restrict
physical access to nuclear materials, but the
third discipline safeguards requires access to
nuclear materials, so conflicts do arise. At
the same time, however, safety and security
may benefit from the sharing of information
collected during access to material.

3 Fire/Emergency 
Exit

Conflict Conflict Synergy Incorporation of an emergency exit can
reduce the evacuation time, but at the same
time it could rise a concern regarding
safeguard requirements and for physical
security.
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RECOMMENDATIONS

• Recognize 3S interfaces and interactions early. During the design and
operation phases, taking this step should help to avoid conflicts and costly
retrofitting later and in the integration of 3S.

• Provide 3S cross-training and certification. Cross-training and certification
are beneficial for practitioners and stakeholders in industry as well as for
authorities.

• Conduct studies to determine the feasibility of 3S cost sharing and
savings. The results of research could enable incentives for 3S integration.

• 3SBD for SMRs could be viewed as an opportunity for the early
development of international collaboration approaches for harmonization
of licensing frameworks, as well as codes and standards.
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Conclusion

To benefit all stakeholder of SMRs i.e. designers, reviewers, operators,
investor, shippers, regulators, authorities, states, public and
environment:

• A systematic and structured approach could lead to greater
effectiveness and efficiency for integrating 3S challenges and
synergies.

• There is a need for development of the standard, comprehensive and
integrated guidelines regarding 3SBD.
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Thank You Very Much

Questions are Welcome
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