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Introduction

The IAEA activities on the safety of Nuclear
Fuel Cycle Facilities (NFCFs) are performed
by the Research Reactor Safety Section,
Division of Nuclear Installation Safety
(NSNI).

The NFCFs in the scope include:

Conversion and enrichment facilities;
Fuel fabrication facilities;

Spent fuel storage facilities;
Reprocessing facilities;

Fuel cycle research and development
facilities.
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NFCFs in Operation
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Specific Challenges in Management of spent fuel from
HTRs: Examples

Higher potential for the
dispersion of radioactive
material — Head end
operations (dismantling,
Incineration, crushing, as
applicable)

Isotopic composition and
effect on nuclear
criticality safety, radiation
exposure and heat
generation.

High radiological toxicity
U, Pu and other
actinides as applicable

Reprocessing capacities
not yet established on
large industrial scale

Off-gas processing and
waste disposal

Flammable materials




Main Safety functions: NFCFs

* Confinement and cooling of radioactive

material (and any associated harmful
materials);

* Protection against radiation exposure;
* Maintaining subcriticality of fissile material.



Safety analysis: Postulated Initiating events
for Facilities Managing Spent HTR Fuels

* Loss of services (e.g. power, cooling);

* Processing errors, including human errors;
* Equipment failures;

 Internal and external fires;

» dropped loads and handling errors;

» Loss of criticality controls

 extreme meteorological phenomena (in particular
earthquakes, flooding and tornadoes)

» Other internal and external hazards, as applicable.



Safety issues and challenges: NFCFs

Need to establish and implement systematic ageing management

Ageing programmes

Human errors and inadequate consideration of human factors in

Human factors design, operation of the facilities

Criticality accidents occurred at NFCFs - warrants the need to pay

SUECIBER L continued attention to prevention of criticality

Fire & Chemical safet Continued attention is needed to manage fire and chemical hazards
re emical safety during different phases of the facilities lifetime

Need to effectively manage the interface between nuclear safety and

Safety - Security security

Periodi ot : Facilities are implementing or planning periodic safety reviews, with
LSS el E e the many facilities planning their first one

Inadequate national regulations and need to enhance the enhance
the regulatory inspection programmes

Regulatory supervision




Safety Issues and challenges

 |dentification of safety iIssues common to NFCFs mainly
based on the following sources of information:

— Feedback from the IAEA meetings on NFCFs;

— Reports on incidents collected through the FINAS.

* The IAEA activities on the safety of NFCFs are constantly
updated to address the identified common safety issues.



JAEA Activities related to Safety of NFCFs

Development of Safety Standards and I
supporting documents

== |Ncident reporting systems ——

Organizing peer review missions and

- . i Safety Evaluation of
advisory services g‘\i@ e
IAEA SEDO

Networking & disseminating feedback

from experience

Supporting capacity building




Hierarchy and Structure of the Safety Standards

SAFETY FUNDAMENTALS
(Strategic basis for all the other IAEA safety standards)

SAFETY REQUIREMENTS

(Requirements that need to be met)

SAFETY GUIDES

(Recommendations on how
the Requirements can be met)



SF-1 Fundamental Safety Principles

Principle 1: Responsibility for safety

Principle 2: Role of government IAEA Safety Standards
Principle 3: Leadership and management for safety
Principle 4: Justification of facilities and activities

Principle 5: Optimization of protection Fundamental

Principle 6: Limitation of risks to individuals Safety Principles

Jonty sponacred by
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Pr!nc!ple 7: Protectlpn of pres:ent and future generations TP OBDons6®
Principle 8: Prevention of accidents

Principle 9: Emergency preparedness and response

Principle 10: Protective actions to reduce existing or Safety Fundamentals
unregulated radiation risks No. SF-1
(Daea

The fundamental safety objective is to protect people and
the environment from harmful effects of ionizing radiation



IAEA Safety Standards IAEA Safety Standards IAEA Safety Standards IAEA Safety Standards IAEA Safety Standards IAEA Safety Standards IAEA Safety Standards
for protecting people and the environment for protecting people and the environment for protecting people and the environment for protecting people and the environment for protecting peaple and the environment. for protecting people and the environment for protecting people and the environment

IAEA Safety Standards
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Governmental, Legal Leadership and Radiation Protection and Decommissioning of Site Evaluation for Safety of Safety of Safety of Nuclear Fuel
and Regulatory Management for Safety Safety of Radiation Sources: Facilities Nuclear Installations Nuclear Power Plants: Research Reactors Cycle Facilities
Framework for Safety International Basic Design

Safety Standards

General Safety Requirements General Safety Requirements General Safety Requirements Part 6 . Spofe Safoly Reguirements Specific Safety Requirements Specific Safety Requirements Spesiflc Satety Requirements
No. GSR Part 1 (Rev. 1) No. GSR Part 2 No. GSR Part 6 Ap pI I Cab I e No. SSR-2/1 (Rev. 1) No. SSR-3 No. 55R-4
i EYIAEA g
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|IAEA Safety Standards IAEA Safety Standards to al I IAEA Safety Standards |AEA Safety Standards |IAEA Safety Standards
{or protecting people and the environment for protecting people and the environment IAEA Safety Standards for proteciing pooplo and the onvironment for protocting poople and the environment
for rotocting peoplo and the environmont
g, .
Safety Assessment for Predisposal faC I I Itl eS Safety of Disposal of Regulations for the
Facilities and Activities Management of ;'rega,\;zglr‘::f;”d Respanise Nuclear Power Plants: Radioactive Waste Safe Transport of
Radioactive Waste Radiological Emergency Commissioning and Radioactive Material
= a n Operation 2018 Edition

General Safety Requirements General Safety Requirements Part 5

. .,
Specific Safety Requirements Specific Safety Requirements Specific Safety Requirements
No. SSR-2/2 (Rev. 1) No. SSR-5 No. SSR-6 (Rev. 1)

No. GSR Part 4 (Rev. 1) No. GSR Part 5
Omea (Dmea aea (Dnea (Duaea

()14

General Safety Requirements Specific Safety Requirements

All the General Safety Requirements are a single The Specific Safety Requirements complement the
package divided in 7 parts: General Safety Requirements. They are individual
publications setting out requirements for

Part 1. Governmental, Legal and Regulatory individual types of facility and activity.

Framework for Safety

Part 2. Leadership and Management for Safety 1. Site Evaluation for Nuclear Installations

Part 3. Radiation Protection and Safety of Radiation 21 Salety of NucearBowey blans: Design

Sources App|icab|e 2.2. Safety of Nuclear Power Plans: Commissioning
and Operation

Part 4. Safety Assessment for Facilities and Activities to specific
3. Safety of Research Reactors

Part 5. Predisposal Management of Radioactive Waste types of
4. Safety of Nuclear Fuel Cycle Facilities

Part 6. Decommissioning of Facilities facilities or

Part 7. Preparedness and Response for a Nuclear or activities >. Disposal of Radioactive Waste

Radiological Emergency 6. Regulations for the Safe Transport of Radioactive
Material




SSR-4

Interface between safety

and security — Req 75 IAEA Safety Standards

Prep for R Sﬁf&ty of Nuclear Fuel

Decomm.

Regulatory CYCIe FaCIlltIBS

Supervision

Management &
Verification for
safety

(Req 1-6)

Operation Construction

_ CommiSSioning

Specific Safety Requirements

(Draea




Safety guides

Safety Guides provide recommendations and guidance on how to comply with

the requirements

General Safety Guides

IAEA Safety Standards

for protecting pecphe and the environ:

Application of the
Concept of Exemption

Qccupational
Radiation Protection

deety spernered by

General Safety Guide General Safety Guide

No. GSG-17 No. GSG-7
(D1ae EA
IAEA Safety Standards

for protecting pooplo and the environment

Radiation Protection
of the Public and
the Environment
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General Safety Guide
No. GSG-8

Daea

IAEA Safety Standards

IAEA Safety Standards

ment for protecting people and the environment

Organization, Management
and Staffing of the
Regulatory Body for Safety

General Safety Guide
No. GSG-12

IAEA Safety Standards

Applicable
to all
facilities
and
activities

for protecting people and the environment

Prospective Radiological
Environmental Impact
Assessment for
Facilities and Activities

Jsetty sponscred by
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General Safety Guide
No. GSG-10

(raea

IAEA Safety Standards

for protecting people and the environment

Ageing Management
for Research Reactors

Specific Safety Guide
No. SSG-10 (Rev. 1)

S)IAEA

Specific Safety Guides

IAEA Safety Standards IAEA Safety Standards

for protecting people and the environment

for protecting people and the environment t

Safety of Uranium and
Plutonium Mixed Oxide Fuel
Fabrication Facilities

Maintenance, Testing,
Surveillance and Inspection
in Nuclear Power Plants

Specific Safety Guide

No. SSG-7 (Rev. 1) Specific Safety Guide

No. SSG-74

o
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IAEA Safety Standards IAEA Safety Standards

for protecting people and the environment

Applicable
to specific
types of
facilities or
activities

for protecting people and the environment

Hazards Associated

with Human Induced
External Events

in Site Evaluation for
Nuclear Installations

Criticality Safety
in the Handling
of Fissile Material

Specific Safety Guide
No. SSG-79

(Diaea

Specific Safety Guide
No. SSG-27 (Rev. 1)

(Daea



Specific Safety Standards for NFCFs

IAEA Safety Standards IAEA Safety Standards IAEA Saf IAEA Safety Standards
IP\E |a| Eafe‘ty Sta ﬂdaﬁjﬁ for protecting poopland the environment y A Sa ety Standards for protecting poopland the environment

for protecting people and the environment

for protecting people and the environment

fod peroeReRing peiopds and the anvirgaaTeeni

Safety of Conversion Safety of Uranium Fuel Safety of Uranium and Criticality Safety
Safety of Nuclear Fue
Cycle Facilities Fabrication Facilities

Safety Guide | Specific Safety Guide Specific Safety Guide | Specific Safety Guide

No. SSG-5 (Rev. 1) No. SSG-6 (Rev. 1) | "No. SVSVG--,V(RGV. 1') I No. SSG-27 (Rev. 1)
Speclic Salely Requirermsanis QA IAEA Q%) IAEA Q%)IAEA S)IAEA

Mo, S5R-4

L — Ounea__ @uen__ SSGs provide

IAEA Safety Standards

recommendations
SSR'4 eStab“SheS Storage of T e —— on meetlng Safety
Spent Nuclear Fuel Safety of Nuclear Fuel ReqU|rementS for

requirements Reprocessing Faciites Nuctear Ful Cycle _
that are to be the different types
of NFCF

satisfied to ensure Spec st s
safety of NFCF

IAEA SAFETY STANDARDS

for protecting people and the environment

Ho. $8G-42 (Rev. 1)

Q;.) IAEA swcrcswEvous
ity ——



Covers spent nuclear fuel storage facilities that are
either collocated with other nuclear facilities (e.g.
nuclear power plant, research reactor, reprocessing
plant) or located on their own site.

— not specifically intended to cover the storage of spent
nuclear fuel as long as it remains a part of the operational
activities of a nuclear reactor or a spent fuel reprocessing
facility

The scope includes the storage of spent nuclear fuel
from water moderated reactors

— and can, with due consideration, also be applied to the storage
of other types of nuclear fuel, such as spent nuclear fuel from
gas cooled reactors and research reactors

The scope includes storage of spent fuel assembly
components and degraded or failed nuclear fuel that
might be placed in canisters.

SSG-15 (Rev.1), Storage of Spent Nuclear Fuel

IAEA Safety Standards

for protecting people and the environment

Storage of
Spent Nuclear Fuel

Specific Safety Guide
No. S5G-15 (Rev. 1)

(()aea
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SSG-27 (Rev.1), Criticality Safety in the Handling of
Fissile Material

Applies to all facilities and activities in which fissile
material is handled,

— except those facilities that are intentionally designed to be
critical, for example a reactor core in a nuclear reactor, or a
critical assembly.

Applies to the design, operation and post-closure
stages of waste disposal facilities.

Provides recommendations on planning the
emergency response to a criticality accident.

The recommendations provided in this Safety Guide
may be applied to operations that are intended to
remain subcritical in nuclear power plants and
research reactors, for example the handling of fresh
fuel and irradiated fuel

IAEA Safety Standards

Criticality Safety
in the Handling
of Fissile Material

Specific Safety Guide
No. SSG-27 (Rev. 1)

(()raea
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SSG-42 (Rev. 1), Safety of Nuclear Fuel Reprocessing
Facilities

Apply to plants using the PUREX process
to reprocess fuels containing uranium and
olutonium on a commercial scale.

Does not specifically address thorium
oreeder reprocessing (THOREX) as there
Is Insufficient experience of these facilities
at a commercial scale in many States.

However, the similarity between aqueous
processes means that these
recommendations will apply, with suitable
adjustments, to plants reprocessing many
types of nuclear fuel.

IAEA SAFETY STANDARDS Ha. $5G-42 (Rev. 1)

Safety of Nuclear Fuel
Reprocessing Facilities

SPECIFIC SAFETY GUIDE

18



SSG-43 (Rev. 1), Safety of Nuclear Fuel Cycle Research
and Development Facilities

 The scope of this Safety Guide is limited to (@1aea
the safety of the R&D facility, the protection
of workers and the public and the
management of any wastes generated. —

« It does not address any subseqguent Rescarch and Dovelopment
impacts that the material produced by R&D -
facilities may have on end users.

 Does not apply to irradiators, accelerators,
research reactors, subcritical assemblies or
radioisotope production facilities.




Supporting publications

«  Safety Reassessment for Nuclear Fuel Cycle Facilities in Light
of the Accident at the Fukushima Daichi NPP, Safety Report
Series No. 90

«  Safety Analysis and Licensing Documentation for NFCF, Safety
Report Series No. 102;

Operating Experience from Events reported to the FINAS,
TECDOC-1932;

Ageing Management for Nuclear Fuel Cycle Facilities — Safety
Report Series No. 118

. Periodic Safety Review for Nuclear Fuel Cycle Facilities —
Safety Report Series No. 124;

. Regulatory Inspections of Nuclear Fuel Cycle Facilities,
TECDOC 2062;

. Chemical hazards and fire safety (Planned);

*  Operational radiation protection (Planned).

Safety Reports Series

0.90

Safety Reassessment
for Nuclear Fuel Cycle
Facilities in Light of
the Accident at the
Fukushima Daiichi
Nuclear Power Plant

(O117 .

Safety Reports Series

Ageing Management
for Nuclear Fuel
Cycle Facilities

Ragulatory Inspection Programme
for Nuclear Fuel Cycle Facilities

Safety Reports Serie

Safety Analysis and
Licensing Documentation
for Nuclear Fuel

Cycle Facilities

()1aea

L
IAEA TECDOC SERIES |

Operafing Experience from Events
Reported to the IAEA/NEA

Fuel Incident Notification

and Analysis System (FINAS)

Periodic Safety Review
for Nuclear Fuel Cycle
Facilities

20



FINAS

* Fuel Incident Notification and Analysis Dues_
System - " ot

» Operating (in cooperation with NEA) the web- =
based incident reporting system,

and Analysis System (FINAS)
uidelines

 Organizing biennial meetings for exchange of o= ——
operating experience. Last meeting in 2024

 Membership: 41 MSs; Pl ge

» 315 events published,; = e

» User-interface improvement (2023) L E= - Ee

« QOperating experience summary
— published as TEDOC 1932

‘‘‘‘‘‘‘



IJAEA Review Services

The IAEA offers its Member
States a wide array of
review services, in which
an IAEA-led team of
experts compares actual
practices with IAEA
standards in, for example,
nuclear safety and security,
energy and safeguards or
the health sector




Safety Evaluation of Fuel Cycle Facilities
During Operation (SEDO)

® Review service available to Member
States to enhance the safety of nuclear
fuel cycle facilities during commissioning
and operation.

® Based on the IAEA safety standards
applicable to nuclear fuel cycle facilities
during their commissioning or operation.

¢® SEDO is developed as modular per
review service, the scope and duration
are tailored to the needs of the nuclear
fuel cycle facility.




SEDO covers facilities for

Conversion and enrichment of uranium

Reconversion and fabrication of nuclear fuels of all types;

Interim storage of fissile material and fertile material before and after irradiation

Reprocessing of spent nuclear fuel and breeder materials from thermal reactors and fast reactors

Associated waste conditioning, effluent treatment and facilities for interim storage of waste that
allow for retrieval of the waste for later disposal

Separation of radionuclides from irradiated thorium and uranium

Related research and development



SEDO Modules

1) Operating organization and facility
management

2) Training and qualification
3) Operations

4) Maintenance, periodic testing and
Inspection

5) Modifications
6) Nuclear criticality safety

/) Radiation protection programme

8) Radioactive waste and effluent
management

9) Fire, chemical and industrial safety
10)Ageing management

11)Emergency preparedness and
response

12)Commissioning

13)Preparation for decommissioning



Benefits of SEDO missions

« Safety improvements for the facility reviewed.

« High quality benchmarking due to the quality and independence of
the reviewers, which may provide a broader safety perspective.

* Prioritization of safety issues.

* Encouragement of self-critical behavior and the conduct of self-
assessments.



JAEA Meetings — NFCFs -2025 / 2026

IAEA — NEA Joint Workshop

Workshop on Management on Safety Considerations in
of the Interface Between b

Safety and Security for the ~Use of Artificial

Nuclear Fuel Cycle Facilities Intelligence and Robotics in

Workshop on Ageing Nuclear Fuel Cycle Facilities

Management for Nuclear
Fuel Cycle Facilities

Workshop on Operational Technical Meeting for the
Safety of Nuclear Fuel Cycle National Coordinators of the
Facilities Joint IAEA-OECD/NEA Fuel

Incident Notification and
Analysis System (FINAS)



Capacity building

« Participation in various
Technical Cooperation (TC)
Projects related to the safety of
NFCFs;

« TC Programme is IAEA’s
primary mechanism for
transferring nuclear technology
to Member States, helping them
to address key development
priorities ;

- Based on Member States’
request addressing specific
needs;




Focus areas In coming days

« Supporting the application of the Safety Standards for
NFCFs

— Publication of the revisions of Safety Guides completed in 2025

 Continue to promote the exchange of operating experience
and sharing safety knowledge.

« Continue to assist In capacity building, especially In
regulatory supervision, ageing management, periodic
safety reviews, chemical and fire safety, use of advanced
technology, fabrication of new fuel for advanced reactors,
and management of the interface between safety and
security.



(£ 1AEA
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If you have any questions or if you need more details on any of the activities,
please write to: L.Valiveti@iaea.org
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