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1. Overview of RATEN INR activities

◼ TRIGA Research Reactor present status: in operation

◼ TRIGA Research Reactor at Institute for Nuclear Research (INR) has a unique design: 2 different reactor 
cores – SSR and ACPR – located in the same large open pool and that can be operated in the same time. 
Each reactor works completely independent but share the same cooling and water purification systems. 

In Figure no. 1 is presented an overview of the pool of the TRIGA Research Reactor.

Fig. 1 Overview of the pool of the TRIGA Research Reactor (on the left – ACPR; on the right – SSR)

(source: www.nuclear.ro) 
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1. Overview of RATEN INR activities 

◼ TRIGA SSR - 14 MW reactor is a steady state
research reactor LWR type which has the
following characteristics:

➢ maximum power of 14MW; 

➢ maximum thermal neutron flux max 2.6 
x1014 n/cm2s; 

➢ rectangular irradiation channels max 
500 x 85 x 85 mm; 

➢ peripheral channels Ø 32 mm and 
thermal neutron flux max 8 x 1013

n/cm2s;

➢ Fuel: Metallic alloy of Er-U-ZrH1.6 alloy 
pellets in Incoloy800 cladding, LEU type 
(max. 19.7% enriched in U-235)

▪ TRIGA SSR - 14 MW reactor is mainly used for
medium and long-term irradiation of nuclear
fuel and structural materials, radioisotope
production and to ensure a specialized
research infrastructure for education and
training for human resources.

◼ TRIGA ACPR Reactor - Pulsed annular core
reactor with the following characteristics:

➢ maximum pulse power of 20000 MW;

➢ maximum power of 500 kW in steady 
state mode;

➢ central dry channel Ø 228 x 381 mm;

➢ Fuel: Metallic alloy of U-ZrH1.6 alloy 
pellets in stainless-steel clad, LEU type 
(max. 19.9% enriched in U-235)

◼ TRIGA ACPR Reactor is used to obtain
experimental data on the mechanisms and
threshold of sheath failure in pulse conditions,
to determine safety limits, to investigate the
thermo-mechanical behavior of nuclear fuel in
conditions of rapid transition.
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The TRIGA Reactor has unique facilities that allow test irradiation of nuclear fuel and structural materials 
for nuclear power plants.



1. Overview of RATEN INR activities

POST-IRRADIATION EXAMINATION LABORATORY (LEPI)

❑ The laboratory has unique facilities that allow testing, handling and examination of nuclear fuel and
structural materials for nuclear power plants.

❑ The infrastructure of the laboratory consists of: two alpha-gamma hot cells with heavy concrete walls
(examination cell and transfer cell) and two alpha-gamma hot cells with steel walls (metallography cell
and radiochemistry cell).

Radioactive waste treatment plant (STDR)

❑ The Radioactive Waste Treatment Plant ensures the collection, transfer, treatment and conditioning of
radioactive waste generated at TRIGA reactors, Pitesti Nuclear Fuel Plant (FCN), Post-Irradiation
Examination Laboratory (LEPI) and other nuclear facilities in INR and in the country.

Achievements at RATEN INR

❑ Conversion of the TRIGA 14 MW reactor from HEU to LEU (completed in 2006).

❑ Manufacture of experimental fuel elements for irradiation in the TRIGA ICN reactor.

❑ Manufacture of iridium disks, used as irradiation targets in the TRIGA reactor and then as closed
radioactive sources of Ir-192, used for industrial radiography.

❑ Research activities dedicated to LFR technology and preparatory activities for the realization of ALFRED
project.

❑ Studies and activities regarding the licensing and safety operation of SMRs.
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2. General approach of Safety and Security aspects for SMRs

❑Short description of the European and national legislation in force regarding Safety and Security

• Nuclear safety is of vital importance to the world and its citizens. The effects of nuclear accidents do not
stop at national borders and can have detrimental consequences for the health of workers and citizens,
but also for a wide range of economic implications. It is therefore essential to prevent and reduce the risk
of a nuclear accident by applying high standards of nuclear safety and ensuring a high level of regulatory
oversight. In this sense, we can talk about nuclear safety at the global level (promoted by the IAEA),
nuclear safety at the level of the Member States of the European Union (promoted by the European
Commission), but also the nuclear safety at the national level (promoted by Romania) regarding the new
types of reactors.

• The global nuclear safety regime promoted by the IAEA is based on various legal instruments, including
conventions, codes of conduct, treaties and agreements. Some of these legal instruments are the NPT, the
Code of Conduct for Research Reactor Safety and a large part of the standards published by the IAEA in the
field of nuclear safety for research reactors such as: the fundamental standards of nuclear safety; security
requirements; security guides.

• The European nuclear safety regime promoted by the European Commission is based on various legal
instruments: treaties, directives, regulations, recommendations. Also, some of these legal instruments are
Euratom Treaty, Directive 2014/87/Euratom, Directive 2011/70/Euratom.

• The nuclear safety regime at national level promoted by Romania is based on various legal instruments:
laws, government decisions, ordinances/emergency ordinances, orders/norms, application guidelines,
national strategies, such as: National Strategy for Nuclear Safety and Security; Law no. 111/1996, the
Order of the President of CNCAN for the approval of the Fundamental Norms of nuclear safety for nuclear
installations, the Order of the President of CNCAN for the approval of the Norms regarding the nuclear
safety policy and the independent assessment of nuclear safety, etc.
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2. General approach of Safety and Security aspects for SMRs

❑Short description of the European and national legislation in force regarding Safety and Security

• An extremely important aspect is the physical protection of nuclear materials and nuclear facilities, but
also the use of the Nuclear Material Accounting and Control System (NMAC) in a nuclear facility to
ensure nuclear safety by detecting any unauthorized movements of nuclear materials in a timely
manner.

• The regulatory framework should set out requirements for the design and performance of this system,
including nuclear safety requirements. For example, an operator wishing to carry out activities in the
nuclear field involving nuclear materials (in the case of a SMR) must obtain an authorization before
commencing operations or receiving nuclear materials. Thus, before receiving an authorization to hold
nuclear materials, the operator must demonstrate that it has developed an effective NMAC system.

• The NMAC system should be designed to meet all legal obligations arising from safeguards agreements,
as well as nuclear safety objectives. The amount of nuclear material held and its importance, based on
its isotopic composition, chemical composition, physical form must be taken into account. The design
and implementation of this system requires the establishment of material balance areas, in order to
achieve accounting and control over nuclear materials. The Material Balance Area is the basis of the
NMAC system, and when it is established, it must also take into account administrative and physical
limitations in the control of nuclear materials, which is an objective for meeting the requirements of
nuclear safety.
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2. General approach of Safety and Security aspects for SMRs

❑The SMR concept

❖ Extensive nuclear research is focused worldwide on the development of a new generation of reactors
with improved performance. There is increasing interest in Small Modular Reactors (SMRs) and their
applications as viable alternatives because they offer a significant relative cost reduction to current
generation NPPs. SMRs are newer generation reactors designed to generate electric power up to 300 MW
per module. Because of their small size and modularity, SMRs can be built in a controlled factory setting
and installed module by module, improving the level of construction quality and efficiency.

❖ SMRs are under development for all principal reactor lines:

o water cooled reactors,

o high temperature gas cooled reactors,

o liquid metal,

o sodium and gas-cooled reactors with fast neutron spectrum,

o molten salt reactors.

❖ Key economic drivers for SMRs:

o Modularization and factory fabrication up to 80%;

o Design simplification: passive mechanism improvements and greater design integration;

o Standardization: smaller size of SMRs reduces the need to adapt to local site conditions;

o Regulatory harmonization for better access to the global market.
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2. General approach of Safety and Security aspects for SMRs

❑ Safety Requirements for SMRs

❖ Safeguards, security, and safety are commonly seen as separate areas in nuclear governance. While
there are technical and legal reasons to justify this, they also co-exist and are mutually reinforcing. Each
has a synergetic effect on the other. For instance, near real-time nuclear material accountancy and
monitoring systems provide valuable information about the location and status of nuclear material. This
in turn is useful for nuclear security measures. Similarly, such information enhances nuclear safety by
contributing as input to critical controls and locations of nuclear materials.

❖ The safety criteria aims at preserving the safety functions of the nuclear installations despite
failures of materials and components or human inadvertent or malevolent behavior. Accordingly, the
main safety functions of conventional reactors must be transposed to the SMRs to guarantee their safe
and secure operation in any circumstances and at any time in their life from design to
decommissioning.

❖ The passive safety systems define the SMRs designs contrary to light water reactor safety systems
which are considered active because they require mechanical or electrical input to function. The
passive safety systems have several advantages including operation independent of emergency power
and no need for the auxiliary feed water subsystems in the traditional NPPs.
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2. General approach of Safety and Security aspects for SMRs

❑Safety Requirements for SMRs

❖ SMR designs bring forward the robustness and independence of the Defense in Depth levels and an
extended resilience compared to the conventional GEN II&III reactors for different types of hazards.

❖ All SMR designs share a high level of safety:
➢ A reduced plant size that ensures a better accessibility for inspection, maintenance, and repair and
increases resistance to earthquakes;
➢ Low fissile material inventory;
➢ Reduced cooling requirements;
➢ Integrated designs that allow direct coupling among main components;
➢ Passive heat removal systems;
➢ Passive management of accident scenarios with no need for operator’s action, or with simple
diagnosis and implementation of diversified systems.
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3. General approach of the Safeguards by Design in case of SMRs

◼ The 3 objectives of nuclear safeguards that apply to all states that have concluded comprehensive
agreements with the IAEA are the following:
➢ detection of nuclear materials or undeclared nuclear activities within the state, as a whole;
➢ detection of undeclared production or processing of nuclear materials in the declared installations
or in the locations outside the installations;
➢ detection of the diversion of declared nuclear materials in the declared installations or in the
locations outside the installations.

◼ Safeguards by Design (SBD) is an approach in which the requirements and international objectives
of Nuclear Safeguards are integrated into the design process of a nuclear installation from initial
planning by design to construction, operation and decommissioning.

◼ SBD has several major benefits:
➢ Minimizing the risk associated with the purpose of the project, program, budget, and licensing;
reducing the costs of implementing nuclear safeguards for both the operator and the IAEA / other
international or national authorities involved;
➢ Lower costs for state regulators;
➢ Improving nuclear safeguards for the international community and the public.
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3. General approach of the Safeguards by Design in case of SMRs

▪ The most effective option for SBD would be to make international nuclear safeguards a standard
part of the design and licensing of nuclear installations. The incorporation of nuclear safeguards into
nuclear installations at the design stage may facilitate the improvement of the effectiveness and
efficiency of safeguards applied by the IAEA and may influence the choice and development of
technological options.

▪Warranty agreements are signed by the state, which implies that the IAEA's communication process
is with the state, not the designer or operator of the facility, and this can have a major complexity on
the communication process within the project.

▪ As provided in the Nuclear Safeguards Agreement, preliminary information regarding the design of
nuclear installations must be provided as soon as the decision to build or authorize construction has
been taken. In this case, partial information may facilitate the SBD process, and the participants
involved may have discussions on nuclear safeguards. Experience has shown that the inclusion of
nuclear safeguards considerations from the outset of the project has had lower costs and impact.
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3. General approach of the Safeguards by Design in case of SMRs

❑SBD principles that facilitate new generation reactors

❖ An important principle of the SBD process is that the more IAEA knows about the design, operation
conditions, constraints of a facility or process, the more likely it is to develop and optimize the approach to
nuclear safeguards by reducing requirements to the operator or to the competent authority.

❖ Ensuring the requirements for equipment used for nuclear safeguards purposes for a nuclear
installation would allow the supporting infrastructure to be incorporated into the original design, and
then eliminate the costs of introducing such equipment.

❖ Another important principle of SBD would be that the transparency of the operation of the installation
could detect possible changes or errors in the operation of the installation, but also the diversion of
nuclear materials. For example, in automated installations, with real-time flow data transmitted to
inspectors, the production of undeclared materials through a change in the process or design of the
installation as well as unauthorized movements could be easily detected.

❖ Ideally, the requirements for nuclear safeguards should be included at the beginning of the design
phase, such as: containerization, video cameras, lighting, sealing, locations of potential measurement
cameras, pre-wiring. Including them from the outset would substantially reduce costs.
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4. Romania’s interest for new generation reactors

❑Interest for SMRs

◼ At the Small Modular and Advanced Reactors Workshop Planning IV held in Bucharest, co-hosted by
the U.S. Trade and Development Agency (USTDA) in partnership with the U.S. Department of
Commerce, NuScale & Nuclearelectrica announced the first small modular reactor (SMR) site location
in Romania – the former Doicesti power plant, Dambovita County. The site was identified following an
in-depth and thorough examination process conducted within a $1.2 million USTDA grant awarded to
Nuclearelectrica in early 2021, to identify and assess several sites across Romania for SMR
deployment.

◼ NuScale’s SMR technology, being the most mature in terms of design approvals, being the first SMR
to receive design approval from the U.S. Nuclear Regulatory Commission in August 2020, is having the
most advanced deployment plans, with already confirmed contracts for the developments of its
components.

◼ The United States and Romania announced a new dimension in their Strategic Partnership with the
Foundational Infrastructure for Responsible Use of Small Modular Reactor Technology (FIRST)
program. Under FIRST, the United States will provide Romania with a NuScale small modular reactor
(SMR) simulator for Romania to establish an E2 Center at University Politehnica in Bucharest. This
builds upon the U.S.-Romania Intergovernmental Agreement for cooperation on Romania’s nuclear
power program (IGA) signed in December 2020.

◼ The U.S. company Last Energy, specializing in small modular nuclear reactors, together with
Romania's Autonomous Directorate of Nuclear Energy Technologies (RATEN), will carry out on the
nuclear platform in Mioveni a pilot project complementary with the investments already announced
by Romania in the nuclear field.
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4. Romania’s interest for new generation reactors

❑ALFRED Demonstrator

◼ From the six concepts selected by Generation IV International Forum (GIF), Romania shares the

European Union (EU) option in selecting the Lead-cooled Fast Reactor (LFR) as one of the most

promising Generation IV technologies which could bring important advantages in:

➢ increasing efficiency of the natural uranium resources used;

➢ reducing the quantities of waste generated and their radiotoxicity;

➢ increasing the nuclear safety level and eliminating the need for off-site emergency response;

➢ increasing the economic performance;

➢ strengthening resistance to proliferation.

▪ Through the option to host the ALFRED demonstrator, Romania has assumed obligations regarding
the adequate preparation of the implementation (development of the capacity of experimental
analysis, testing, qualification, validation and verification required by the National Commission for
the Regulation of Nuclear Activities - CNCAN ), as well as ensuring the full spectrum of competencies
associated with LFR technology.
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4. Romania’s interest for new generation reactors
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❑ALFRED Demonstrator

❖ European FALCON consortium created for promotion purposes activities for the construction of the
ALFRED reactor in Romania carries out actions necessary for the development of conceptual projects,
ensuring the framework of authorization, establishing research topics.

❖ The ALFRED infrastructure includes 6 experimental installations (ATHENA, ChemLab, HELENA2, ELF,
HandsOn, Meltin’Pot) and the demonstration reactor ALFRED. Experimental installations are dedicated
solving the open aspects of LFR technology, testing and qualification of ALFRED components,
demonstrating control of all phenomena in in order to go through the authorization process, as well and
validation and verification of tools/methodologies calculation. Each facility of the supporting
experimental infrastructure, designed for testing full scale components, equipment and systems in
relevant operational conditions (lead temperature, flow regime, impurities concentration) will address
aspects related to ALFRED reactor safety and licensing.

❖ The infrastructure will serve, in the future, to qualify the commercial LFR components, and to validate
and verify new computing tools and methodologies.



4. Romania’s interest for new generation reactors

❑ALFRED Demonstrator
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ATHENA is designed to test the behavior of full
scale components in liquid lead, with a
particular focus on the investigation of the
steam generator tube rupture, the fluid-structure
interaction, lead stratification and freezing in a
pool configuration system.

ChemLab, a laboratory specialized in the 
chemistry of lead and cover gas, will allow a 
better understanding of the oxygen and other 
impurities control and monitoring in both 
environments.

HELENA2, a loop type installation, will be
designed to test and demonstrate the thermal-
hydraulic behavior in pure liquid lead of full
scale ALFRED fuel assemblies and of the
safety and control rods, in normal and forced
flow regimes.

ELF, a pure lead pool installation operated in
natural or forced circulation mode, will be
designed for endurance tests of the operation of
components, equipment and systems to be
used in by ALFRED demonstrator, as well as for
the measurement of the reliability
characteristics.

Meltin’Pot, is needed for the investigation of
the phenomenology associated to severe
accidents in a LFR reactor system by complex
studies on the interaction between fuel, cladding
and coolant, including fuel dispersion during a
severe accident, fission products retention in
pure lead.

HandsON will be devoted to test the handling of
the full scale fuel assemblies and control rods of
the ALFRED demonstrator, in operational
conditions.



Conclusions

◼ Small Modular Reactors (SMRs) can be the future of nuclear industry providing high inherent safety,
favorable designs and operational characteristics, enhanced capacity to face external aggression and
hazards, resistance to proliferation and reduced investment per unit.

◼ Global harmonization and coordination of licensing approaches is crucial for SMRs large-scale
deployment.

◼ SMR designs should bring forward the robustness and independence of the Defense in Depth levels
and an extended resilience for different types of hazards.

◼ Integration of SBD at a facility will:

➢ Minimize risk;

➢ Reduce cost;

➢ Improve safeguards assurances;

➢ Facilitate preparation of design.
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