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ARTICLE II: Objectives

“The Agency shall seek to accelerate and enlarge the contribution
of atomic energy to peace, health and prosperity throughout the
world. It shall ensure, so far as it is able, that assistance provided
by it or at its request or under its supervision or control is not
used in such a way as to further any military purpose”
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ARTICLE lll: Functions

IAEA TECDOC SERIES

“The Agency is authorized ...To foster the exchange of scientific and technical information on
peaceful uses of atomic energy [and] To encourage the exchange and training of scientists and
experts in the field of peaceful uses of atomic energy”
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* Overview of Spent Fuel Management and Current
Challenges

* |AEA Ongoing Activities:
— Recent Meetings and Ongoing Publications
— Coordinated Research Projects (CRPs)
— International Conferences
— Outreach and Dissemination Materials



Current Worldwide Situation of Nuclear Power

REGIONAL DISTRIBUTION OF NUCLEAR POWER CAPACITY
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| 57 more reactors under construction
Regional Distribution of Nuclear Power Plants ~2/3 in Asia

410 nuclear reactors operating in ~30 new countries planning

or developing a nuclear power
programme

31 countries

Over 10% of global electricity; 1/ 4 of low-carbon electricity
From IAEA-PRIS Information System



Spent Fuel Management: Status and Trends

Global Inventory by the end 2022
e ~ 430 000 tHM Annual Discharge ~ 10 000 tHM
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m Discharged m Reprocessed m Stored awaiting disposition GlObal Inventory |n Storage by the end 2022
~ 301 300 tHM

Selection of storage technology depends on many factors

The type of fuel being stored Economic factors Preferences of operator,
stakeholders, public, etc.



Spent Fuel Storage Strategies Leading to Future Disposition
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Spent fuel pool at the San Onofre, San Clement, CA, (USA)

CLAB Wet Storage Facility —

On-site Off-site i e
Transfer Transport

Wet storage (Tihange NPP, Belgium) Zwilag (Switzerland)



Spent fuel management current situation worldwide

Today mainly countries
with large nuclear power
programmes recycle
spent fuel: France,

the Russian Federation,
Japan, India and China.

Some countries have
not yet made a final
decision.

Most spent fuel is
in interim storage.

---’

Several other
countries have opted
for direct disposal:
Finland, Sweden,
Canada, Germany,
Switzerland

Strategic Options for Spent Nuclear Fuel

Management.. .
Netherlands reprocesses SF from Borssele NPP e :

abroad and stores High Level Waste at HABOG facility
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Planned storage durations are increasing:

— In 1980s 20-50 years
— In 1990s up to 100 years
— In 2000s 100+ years

License renewal for storage systems

Confirming ongoing SNF behaviour & integrity
Maintenance and inspection of SSCs

Ageing management (beyond design basis for most)
Transportability after long storage durations and orphan sites
Implement multi-recycling in LWRs at industrial scale

Demonstrate and scale up multi-recycling through Advanced Fuel
Cycles for innovative reactors

Accommodate new SNF from SMR different types

Successful implementation of DGRs

Yankee Rowe NPP (USA)
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Technical Meeting to Identify Opportunities and Challenges
in the Backend Steps of Fuel Cycles Based on Evolutionary
Accident Tolerant Fuels (eATFs), 14-16 June 2022 (Virtual)

Focused on ATFs mature enough to commence fuel qualification and near
term deployment in existing reactor fleet

— Coated cladding oxides and dopants

Lot of work underway to understand the impact and more activity is needed to
understand the key questions

- Relatively few major concerns identified, recognizing currently only limited S\-“
data e

Importance of multilateral cooperation was highlighted

— Loss of Halden test reactor further limits resources for materials irradiation
testing

— Limited data at present means sharing materials, data and results prevents
rework and represents a more cost effective approach

33 experts from 16 Member States and 1 International Organization



IAEA Technical Meeting on Backend of the Fuel Cycle
Considerations for Small Modular Reactors,
20-23 September 2022

107 Participating Experts from
32 Member States and 3 International
Organizations

~ 40 Presentations and Extended Abstracts
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Technical Meeting on Back End of the Fuel Cycle Considerations for Small Modular Reactors (20-23 September 2022): Overview -

Indico for IAEA Conferences (Indico)



https://conferences.iaea.org/event/321/

Main Challenges for SMR Spent Fuels

LWR-type SMRs (Land based): Enrichment levels of below 5% and similar
Burnups to conventional PWRs

— Transport and storage solutions for smaller fuel assemblies will require recertification or s
new developments are needed b

LWR-type SMRs (Marine based): Enrichment levels up to 20% (HALEU), v
higher Burnups

— Different radionuclides composition and higher thermal outputs

— Necessary code validation in order to do e.g. decay heat calculations

HTGR-type SMRs: Pebble Beds/Prismatic. Limited Backend Experiences

— Main challenge remains the disposability of irradiated graphite

Liquid-Metal-Cooled Fast Neutron SMRs: New fuel types introducing a new
spent fuel characteristics/multirecycling processes

Molten Salt SMRs: Nuclear fuel dissolved in melted chloride/fluoride fuel salts. Recycling of
fissile material and managing salt mixtures containing all fission products is a challenge



Transportation Considerations

For fresh fuel elements some existing packages may be utilised for ‘
enrichments up to 10% with additional modifications T

for protecting people and the environm

Regulations for the

Some SMR concepts are planning a centralized manufacturing of the Safe Transport of
Radioactive Material
whole SMR, instead of construction at the site of operation, including
Ioading the fuel Specific Safety Requirements
No. SSR-6 (Rev. 1)
The SMR would most likely act as a package umea

Transportable SMRs

Potential transport would have to fulfil all transport
requirements

Package Certification

Y R

Regulations described in SSR-6 (Rev.1) would apply
and might have an impact on the SMR design



Technical Meeting on Operational Experiences on Spent Fuel
and High Level Waste Transportation, 17-21 October 2022

« Spent fuel has been regularly transported for decades

 TM reviewed draft TECDOC on Operational Experience
containing case studies from seven countries and suggested
some structural changes

§ 4 AtG temporary
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Detailed regulations require long preparation times

40 participants from 16 Member States and 3
International Organizations




Recent IAEA Publications on Spent Fuel Management

IAEA Nuclear Energy Series
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Translated in
Chinese and

Arabic,
Russian

Nuclear Back End Webinar Series

IAEA TECDOC SERIES

Phenomenology, Simulation
and Modelling of Accidents
in Spent Fuel Pools

Proceedings of a Technical Meeting

S)IAEA

IAEA TECDOC SERIES

Status and Trends in
Pyroprocessing of
Spent Nuclear Fuels

..........................

IAEA Nuclear Energy Series

IAEA TECDOC SERIES

Behaviour of Spent Power
Reactor Fuel during Storage

Extracts from the Final Reports

of Coordinated Research Projects

on Behaviour of Spent Fuel A i

in Storage (BEFAST [HI) and

Spent Fuel Performance Assessment
and Research (SPAR I-ll) — 1981-2014
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IAEA Webinars Spent Fuel Management

Accident Tolerant Fuels and their Impact on
Spent Fuel Management (December 2020)

Dr David Hambley
Laboratory Fellow for Spent
Fuel Management and
Disposal, NNL (UK)

Moderator: Amparo Gonzélez Espartero (PhD), Team Leader Spent Fuel Management

Dr Mikhail Veshchunov

Team Leader Fuel Engineering
Nuclear Fuel Cycle and Materials
Section (IAEA)

Nuclear Fuel Cycle and Materials Section (IAEA)
—_—

EPRI ATF Research i (Febl’uary 2021)
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Dr Aladar A. Csontos
Technical Executive
Fuel, Chemistry, LLW and HLW
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IAEA Nuclear Back End Webinar Series

Integrated View of the Spent Fuel
Management Steps for Decision Making

Nuclear Sector, EPRI (USA)

Mr Brett Carlsen
Idaho National Laboratory Orano
USA France

Ms Cécile Evans

Mr Bengt Hedberg
Stralsakerhetsmyndigheten, (SSM,
Swedish Radiation Safety Authority)
Sweden

Amparo Gonzalez
Espartero

International Atomic
Energy Agency

John Wise

US Nuclear
Regulatory
Commission

&

60 years of Spent Fuel Storage:
Challenges and Opportunities

Nuclear Back End Webinar Series

Ferenc Takats
TS Enercon

Anders Sjéland

Svensk
Karnbranslehantering
AB (SKB)



https://www.iaea.org/ar/publications/14843/storing-spent-fuel-until-transport-to-reprocessing-or-disposal
https://www-pub.iaea.org/MTCD/Publications/PDF/TE-1949web.pdf
https://www-pub.iaea.org/MTCD/Publications/PDF/TE-1967web.pdf
https://nucleus.iaea.org/sites/connect/SFMpublic/Pages/Webinars.aspx
https://www.iaea.org/about/organizational-structure/department-of-nuclear-energy/division-of-nuclear-fuel-cycle-and-waste-technology/nuclear-back-end-webinar-series

IAEA Guidebook on Spent Fuel Storage Options and
Systems, 3™ Edition

HARD COPY ONLY

recunicaL nepons senies no. 240

Guidebook on

Spent Fuel Storage

| @ INTERNATIONAL ATOMIC ENERGY AGENCY. VIENNA, 1984

Planned storage durations are increasing:

icmsacas mironts s e 290

. Guidebook
on Spent Fuel Storage

(1991) Second Edition

t’l) NTERANATIONAL ATOMIC ENERGY AGENCY VIENNA, ¥

In 1980s 20-50 years
In 1990s up to 100 years
In 2000s 100+ years

Technical Reports Series No. 240

Guidebook on Spent Fuel
Storage Options and Systems

Third Edition

Please note: This is a final draft version made available as a preprint advance publishing
copy for reference only. This version may contain errors and is not the official IAEA
publication. Consistent with the relevant terms of use, the IAEA does not make any
warranties or representations as to the accuracy or completeness of this version. To cite
this preprint please include ‘preprint” in the full reference~Any quotations or other
information taken from this copy may change in the final publication so please always
check the official published version. When it is released-alink will appear in the preprint
record and will be available on the IAEA publications.website. The terms of use of this
preprint are the same as those for the IAEA publications — free to read but preprints may
not be translated. More information is available at www.iaca.org/publications.

EDITORIAL NOTE

This preprint has not been edited by the editorial staff of the IAEA. It does not address questions
af responsibility, legal or otherwise, Jaracts or omissions on the part of any person. Although
great care has been taken tomgintain the accuracy of information contained in this
publication, neither the IAEA “nor its Member States assume any responsibility for
consequences which may arise from its use. The use of particular designations of countries or
territories does not implicmay judgement by the publisher, the IAEA, as to the legal stans of
such countries or teprioees, of their authorities and institutions or of the delimitation of their
boundaries. The memtian of names of specific companies or products (whether or not indicated
as registered) does not imply any intention to infringe proprietary rights, nor should it be
construed qg an‘endorsement or recommendation on the part of the [AEA. The IAEA has no
responsibilign for the persistence or accuracy of URLs for external or third party Internet web
sites refetréd to in this book and does not guarantee that any content on such web sites is, or
will remain, accurate or appropriate.

© IAEA, 2022

IAEA Report DOC

|IAEA Safety Standards

IAEA Safety Standards

for protecting people and the environment

Regulations for the
Safe Transport of
Radioactive Material
2018 Edition

Specific Safety Requirements

IAEA Safety Standards

Storage of

No. SSR-6 (Rev. 1)

S IAEA

International Atomic Energy Agency

Spent Nuclear Fuel

Specific Safety Guide
No. SSG-15 (Rev. 1)
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Ageing management of deployed storage systems is paramount to ensure safety functions and transportability


https://inis.iaea.org/collection/NCLCollectionStore/_Public/53/094/53094722.pdf?r=1

Dry Storage Technologies

Global Inventory Distribution in Dry Storage Systems

: _ (~ 105 900 tHM) ,
Vertical Storage Units Horizontal Storage
ventilated Units
32% 14%

Vertical Storage
Units
non-ventilated
8%

Storage Buildings
5%

Concrete Casks
25%

Metalic Casks
16%




Distribution of Spent Fuel Inventory under Storage Worldwide

At Reactor vs Away from Reactor Storage Regional Inventory of SNF (~ 301 300 tHM)
Global | t ~ 301 300 tHM
e Meatony ) Away from Reactor Wet vs Dry Storage 80
(~ 158 700 tHM)
60
AFR Wet Storage AFR Dry Storage = 40
At Reactor Away from Reactor pi 679% -
47% 53% g
Latin North Western Eastern Africa Asia and the
America America Europe Europe Pacific
and the and Central
Caribbean Asia
B AR Wet Storage 1 AFR Wet Storage AFR Dry Storage
Eastern Europe AFR Wet Storage (~ 52 800 tHM)
and Central Asia Asia and the Pacific
41% 9%

Latin America
and the
Caribbean
3%

North America
2%

Western Europe
45%




Content of the Guidebook

Additional Resources (IAEA related publications

and Glossary)

APPENDIX V. SPENT FUEL STORAGE RELATED IAEA PUBLICATIONS

This Appendix provides a summary of the publications produced within the IAEA related
to spent fuel storage (Table 11).

TABLE 11.LIST OF SPENT FUEL STORAGE RELATED PUELICATION PRODUCED WITHIN THE TAEA.

Area/Reference Scope

Spent fuel storage

International Atomic Energy Agency, Storage, This technical report describes in general terms the various operations
Handling and Movement of Fuel and Related involved in the handhing of fresh fuel, 1rradiated fuel, and core components
Components at Nuclear Power Plants, Technical such as control rods, neutron sources, burnable poisons and removable
Reports Series No. 189, IAEA, Vienna (1979). instruments. It attempts to outline the principal safety problems in these

operations and provides the broad safety criteria which must be observed
in the design, operation and maintenance of equipment and facilities for
handling, transferring, and storing nuclear fuel and core components at
nuclear power reactor sites.

International Atomic Energy Agency, Storage of This publication summarizes the results of a survey conducted by the
Water Reactor Spent Fuel in Water Pools, TAEA and the Nuclear Energy Agency (NEA) of the Organization for
Technical Reports Series No. 218, TAFA, Economic Cooperation and Development (OECD) on the wet storage
Vienna (1982). experiences of water reactor fuel among countries with operating nuclear
power programmes. The responses represented over 85% of the water-
cooled power reactor pools and away-from-reactor pools that have
operated for 5 years or more. Responses from research reactor pools and
facilities that store gas reactor fuel were also included.

Safety Standards, Guides, and Reports (Storage and Transportation)

International  Atomic  Energy  Agency, This publication states the fundamental safety objective and ten associated
Fundamental  Safety Principles,  Safety  safety principles, and briefly describes their intent and purpose. These are

Fundamentals, Safety Standards Series No. SF- applicable, as relevant, throughout the entire lifetime of all facilities and
1, IAEA, Vienna (2008). activities, including spent fuel storage, existing and new, utilized for
peaceful purposes, and to protective actions to reduce existing radiation
risks.

GLOSSARY

ageing management*
Engineering, operations and maintenance actions to control within acceptable limits the
ageing degradation of structures, systems and components.
Examples of engineering actions include design, qualification and failure analysis.
Examples of operations actions include surveillance, carrying out operating procedures
within specified limits and performing environmental measurements.

at-reactor (AR) storage facilities
A storage facility (pool) co-located with the reactor, inside the containment building.

away-from-reactor (AFR) storage facilities
A wet or dry storage facility which is not co-located with the reactor. The fuel has to be
transferred or transported to the storage facility. There are two classifications of AFR
storage facilities: Reactor Site (RS) and Off Site (OS):

- Reactor Site (RS), is a storage facility located within the reactor site boundary.
Spent fuel is transferred from one facility to the other. A further distinction can
be made for an AFR(RS) in terms of those that are stand alone and can still
support operations if the reactor is decommissioned, and those which are reliant
on reactor services;

- Off Site {OS), is a storage facility located outside the reactor site boundary. In
this case, spent fuel is transported on public roads.

basket
A moveable feature holding a number of spent fuel assemblies.

burnup
A measure of reactor fuel consumption equal to the amount of energy released per unit
mass of nuclear fuel in the reactor (for power reactor fuel). Typical units for the latter
are megawatt-days per tonne of uranium (MWd/t) or gigawatt-days per tonne (GWd/t).
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Presenter Notes
Presentation Notes
Add degradation mechanisms 

https://public.simopt.cz/iaea/spent-fuel-storage-guide-epub-v3/#/reader/chapter/7?vi=0
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CRPs on Spent Fuel Behaviour
(+40y Operational Experiences and Research Worldwide)

Main Objective

» To sustain and improve the IAEA's Member States technical knowledge base on the long-term behaviour of
power reactor spent fuel through sharing and disseminating information, reporting topical research carried-out in
participating Member States, and by documenting ongoing spent fuel performance

* Series of Coordinated Research Projects BEFAST and SPAR (1981-2020) ——

— Covering all power reactor fuels: MAGNOX, RBMK, WWER, AGR, BWR, PWR, HWR, PHWR

— Spent Fuel performance in Wet and Dry storage

R PTor s ——r— IAEA TECDOGC SERIES

e Behaviour of Spent Power Spent Fuel Performance

@t
" CRP SPAR-I CRP SPAR-II CRP SPAR-IIl Reactor Fuel during Storage Assessment and Research
1997-2001 2002-2008 2010-2014 Extracts from the Final Reports il Rt of & Coorcirafed Resaarchy
of Coordinated Research Projects Prooct (SPAR-IV)
e I T on Behaviour of Spent Fuel Assemblies
in Storage (BEFAST I-lf) and

i - F— » Spent Fuel Performance Assessment
s o e - = ‘5‘5 and Research (SPAR I-lll) — 1981-2014

Translated in Arabic,
Chinese and Russian

' CRP BEFAST-| CRPBEFASTl  CRP BEFASTNl _
' g (E)raea

1981-1985 1986-1991 1991-1996
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https://www-pub.iaea.org/books/IAEABooks/12358/Behaviour-of-Spent-Power-Reactor-Fuel-during-Storage

Spent Fuel Research and Assessment, SFERA (2021-2025)

Scope limited to fuel: Fuel material, Cladding, Fuel assembly structural components

PNNL (defuelled) and ORNL (fuelled) to enable
performance margins to be determined.

N
v La-
National Nuclear Laboratory / Sellafield Limited

@ Mechanical testing on defect ,
Research on various aspects to

— fuel (pinhole, hairline
120
cloc fracture etc.) to support support long term wet storage of spent
future handling operations AGR fuel
9 O’clock 3 Q’clock
PNNL (top) / ORNL (bottom) 4_:& Defect location

CRPs on Spent Fuel Behaviour

6 O'clock

Enresa

Determination of
the effect of
blisters on hydride
behaviour during
dry storage

Spent fuel rod mechanical testing, with
data used to refine finite element
modelling of rod behaviour to predict
mechanical behaviour of fuel
assemblies against bending loads. :

JRC Karlsruhe / Nagra



CRPs on SNF Dry Storage Systems Performance

 Demonstrating Performance of Spent Fuel and
Related Storage System Components During Very
Long Term Storage (DEMO) CRP T13014 (Closed,

2012-2016)

Linked to Extended Storage Collaboration Programme (ESCP)
International Sub-committee of EPRI

« Ageing Management Programmes for Dry Storage
Systems (AMP) CRP T21028 (Closed, 2016-2020) (Final

Report in Drafting)

CRP Overall Objective: To develop the technical basis and methodology to enable guidance to be provided
to Member States on how to generate an ageing management programme for spent fuel dry storage

TLE TiM,

systems

DCSS Visual Inspection - Lid Weld Courtesy of EPRI

TT

T8

1

inspection technologies LI

Thermal monitoring to
ensure leak tightness

Courtesy of CRIEPI

IAEA TECDOC SERIES gl

Demonstrating Performance

of Spent Fuel and Related
Storage System Components
during Very Long Term Storage
Final Report of a Coordinated Research Project

(E)raea

-COOC SERIES

Ageing Management
Programmes for Spent
Fuel Dry Storage
Systems

Final Report of a Coordinated 0(\
Research Project



https://www-pub.iaea.org/MTCD/Publications/PDF/TE-1878web.pdf

CRPs on SF Storage Systems Behaviour

Performance Assessment of Storage Systems for Extended Durations (PASSED)

T13019 (2022-2026)

Main Objective:

Covers wet & dry spent fuel storage systems

To sustain and improve IAEA Member States’ technical knowledge
base on the long term behaviour of spent fuel storage
systems, inspections possibilities and monitoring
technologies, through the sharing and disseminating of

Coupon samples In situ measurements

technical information, the reporting on topical researches carried- Pool panel analysis (picture
courtesy EPRI)

out and the documentation of on-going storage systems’
performance

operational experiences storage system inspections
new/novel techniques for monitoring
predictions of spent fuel storage system behaviour over long periods

documenting the technical basis for spent fuel storage system performance N [ m—a
assessment Enlargement of storage facilities. Courtesy PAKS

predictions of spent fuel storage system behaviour




CRP on Spent Fuel Characterization, CRP T13018 (2020-2024)

Covering a wide range of power reactor fuels: BWR, PWR, RBMK, WWER, CANDU and AGR fuels

Average rod
activity values
" r o
&0
M inner ring pins, fuel pellet
50 = U Li n ked to WP8 [ outer ring pins, fuel pellet
| H y . inner ring pins, gap
40 a4 European Joint Programme [l outer r.ing p'ins, gap
® on Radioactive Waste Management [Clinner ring pins, cladding
M outer ring pins, cladding
&, [ coolant
[Jcoolant

[ central rod, gas
[ central rod, tube
[ coolant

Development and testing of Mivisssraubs
techniques to characterize spent

fuel using non-destructive
techniques.
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Looking for ways to characterize . e i
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Destructive testing of spent  ~ o 1010000000
fuels to enable full m— o
characterization and generate B
data points for future use. s Development, refinement and validation of
Also enables training of young modelling techniques for RBMK and LWR fuels.
staff in methods Includes assessment of biases and uncertainty for

important parameters, such as decay heat
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CRP on Challenges, Gaps and Opportunities for
Managing Spent Fuel from Small Modular Reactors
(T13021) (2023-2027)

Objectives Open for Proposals in *
- To identify viable nuclear fuel cycle options for the different SMR January 2023
technologies -
SPENT FUEL

* To establish specific roadmaps of activities for the backend of
the fuel cycle per SMR technology, identifying what can be
derived from existing practices, optimized and adapted, or fully
developed considering the lack of data and gaps within existing

knOW|edge REPROCESSING/ Fuel CyCI'e
RECYCLING for SMRS Sl |\ RASTRUCTURES

- To identify generic key parameters/criteria to support countries
designing their backend programmes incorporating their specific
context

..................... R&D/
DEMONSTRATION

................. Back End NUCLEAR

MATERIALS

Challenges, Gaps and Opportunities for Managing Spent Fuel from Small Modular Reactors | IAEA



https://www.iaea.org/projects/crp/t13021
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IAEA International Conference
Fast Reactors and Related Fuel Cycles (FR22)

FR22
. FAST REACTORS AND Vi e n n a
19-22 April 2022

#FR22 )

.. Safe-Technologies and
. Sustainable Scenarios
International Conference :}/

FAST REACTORS ANE

RELATED FUEL CYCLES!
Sustainable Clean Energy for the Future

7-11 December 2009
Kyoto, Japan

Proceedings of an International Conference
Yekaterinbu

FR22 Topics

Track 1. Innovative fast reactor designs
Track 2. Fast reactor safety
Track 3. Fuels, fuel cycles and waste management

Track 4. Fast reactor materials (coolants, structures)
and components

Track 5. Test facilities and experiments
Track 6. Modelling, simulations and digitalization

Track 7. Sustainability: Economics, environment
and proliferation

Track 8. Commissioning, Operation and
Decommissioning

Track 9. Education, professional development and
knowledge management

680 participants, 365 contributors, 220 orals, 100 posters

51 countries and 3 International Organizations
About 100 people in-person, 45 participating from 3 remote conference halls in
Russia and 15 from China, about 500 participants connected on-line



International Conference on Spent Fuel Management
] Held every 4y since 1998

A Upcoming Conference
L SFM24

10-14 June 2024, IAEA Headquarters, Vienna

r the OECD NucfBa y A

Management of Spent Fuel

from Nuclear Power Reactors Bement ol.ope : S B
() - - . 0 - O - [ Cl cl
Proceedings of an international conference the Manaaement of Sne
L { Vienna, 19-22 June 2006 R i Management of Spent Fuel from
; ' o Nuclear Power Reactors
) & 31 May-4 June 2010 ' N Learning from the Past,
L Mases, Aneiia , Enabling the Future

Storage of spent fuel

from power reactors i : ;! o,
' Y \ .

Proceedings of a symposium
in Vienna, 9-13 November 1998

i
B B Sulatndeded
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Presenter Notes
Presentation Notes
Conference regularly held (3-5 years) since about 1998
In cooperation with OECD/NEA
Jointly organised by NE and NS&S


https://www.iaea.org/publications/14680/management-of-spent-fuel-from-nuclear-power-reactors
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Development of e-Learning Material on
Spent Fuel Management
Who is it for?

* Professionals in the nuclear field interested in
Spent Fuel Management N

* Decision Makers =
(’. - Regulators ;Q_,
& * Young Professionals ~
NUCLEAR * Nuclear Engineering and
POWERPLZZ » Related Degree and Master Students

 QOther Interested Stakeholders

®

&)

REPROCESSING
& RECYCLING

SPENT FUEL

STORAGE Main Objective

» To support capacity building in Member States (MSs)

« To serve as a tool to support interested MSs in their
activities to improve safe, secure and economical
operations relating to the nuclear fuel cycle

« To provide a high-level guidance in taking a
systematic approach, from the front to the backend

*Including SNF and HLW Transportation of the nuclear fuel cycle
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IAEA E-learning on Spent Fuel Management

The course
comprises of

7 Modules with
17 Lectures in total

Each Lecture lasts

about 30 minutes
+

Self Assessment
Quiz (5 Q&A)

|IAEA Certificate of
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—> M7: Advanced Fuel Cycles
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General Overview. Spent Fuel Management Options

Factors that could influence the choice of SFM strategy

Fundamental Principles of SNF Management

Spent Fuel Characteristics
Spent Fuel Characterization

Spent Fuel Behaviour in Wet/Dry Conditions

Spent Fuel Transportation

Spent Fuel Storage Strategy
Spent Fuel Storage Facility Design and Operation

Ageing Management of Spent Fuel Storage Systems

Spent Fuel Reprocessing for Recycling
Pu Product Management and Use
RepU Product Management and Use

Waste Streams from Spent Fuel Reprocessing

Overview of SNF Multirecycling using FRs

Advanced Fuel Cycles for U/Pu Multirecycling

Management of Minor Actinides



Module 1: Overview of Spent Fuel Management

» Lecture 1.1: General Overview of Spent Fuel Management Options
» Lecture 1.2: Factors that can Influence the Choice of a SFM Strategy

Spent Nuclear Fuel Management Overview and Strategy
Spent Nuclear Fuel Management General Overview — Options.
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The Nuclear Fuel Cycle
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Spent Nuclear Fuel Management Overview and Strategy
Spent Nuclear Fuel Management General Overview — Options

Spent Nuclear Fuel Storage

— At first the spent nuclear fuel is stored in
At Reactor (AR) pools that are directly connected
to the nuclear reactor.

— If the capacity of the pool is limited the spent
nuclear fuel can then be transferred to a separate
storage facility.

WET STORAGE DRY STORAGE

Spent Nuclear Fuel Management Overview and Strategy
Spent Nuclear Fuel Management General Overview — Options

(3
Nuclear Fuel Components

Nuclear fuel in PWR is composed of:

Ceramic pellets ~400 pellets are stacked ~150 to 260 fuel rods are A 1000 MW(e) PWR
of UO; enriched in in fuel rods made from assembled together in afuel  core typically contains
75U up to 5%. Zircaloy. assembly that contains between 120 and
~500 kg uranium and weighs 200 fuel assemblies.
e ~600—650 kg.

10-15mm

200 million
kWh / fuel
assembly

12mm 4m

Spent Nuclear Fuel Management Overview and Strategy
Spent Nuclear Fuel Management General Overview — Options

VITRIFIED HLW NEW FUEL

Spent Nuclear Fuel Management Overview and Strategy
Factors that can Influence the Choice of SFM Strategy

ECONOMIC
TECHNICAL
FACTORS LSO

POLITICAL
FACTORS

Spent Nuclear Fuel Management Overview and Strategy
Factors that can Influence the Choice of SFM Strategy

National Energy Strategy

Energy independence

Domestic reprocessing and recycling capacity
Security of supply of energy resources

Large nuclear energy share  (7)

International reprocessing and recycling services

General national policies
on reuse of resources




Cross-Cutting Modules

Module 2: Fundamentals Safety and
Security on SFM

Fundamental Safety & Security Principles of Spent Fuel Management Fundamental Safety & Security Principles of Spent Fuel Management
Fundamental Safety & Security Principles of Spent Fuel Management Fundamental Safety & Security Principles of Spent Fuel Management

Safety Standards Structure Defence in Depth: The 5 Levels
— Spent Fuel Management L i oW b o
WeAiii2y
r F W W W O
BT o o
. R LEVEL 1 ' ' LEVELS
Prevention of Mitigation of
abnormal operation the radiological
G5SR4 and failures. (0} [0) consequences
of significant
LEVEL 2 LEVEL 4 external releases
o Control of abnormal O Control of severe of radioactive
N e e operation and conditions, including materials.
| detection of failures. LEVEL3 revention of
! p
et Control of accidents  accident progression
within the design and mitigation of
basis. the consequences
of a severe accident.

Module 4: SNF Transportation
| @uen LR T O i

Transport as Part of an Integrated Spent Fuel Transport System Operations
=
REPROCESSING & RECYCLING DIRECT DISPOSAL 2 >
Take
Sper Syl i AMEEHE it requinsd teiher & reprooeng & © ar drect diposl ey i - Assembly b ofng:sse?:to;ion Reassembly
e o - . ang & reqrcing N I8 and Dispatch from 3 Asse(sfro':n Dectina and Preparation
the FMF L it tion Operations for Shipment
Typic aly, the trampaortarion yybem wall npesate over akeng perod of tme ®
Transport.
Serweral Hartors mund Be commitensd shen deveiopng ard cperaling a e fuel tramport vedem : T:::Fs";a;;?

Module 3: SNF
Characteristics

m Spent Nucear FuelCharacteisics
Spent Nuclear Fuel Characteristics

Impact of Spent Nuclear Fuel Characteristics on

the Different Steps of Spent Fuel Management

SNF characteristics impact all steps of the back end of the NFC.

One example of how SNF characteristics shape the specification, operation
and maintenance at various stages of the NFC is the effect of higher burnup UOX fuel and spent MOX fuel on:

.

WET STORAGE DRY STORAGE TRANSPORTATION
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REPROCESSING DISPOSAL

0}

N\
Spent Nuclear Fuel Characteristics

R i
£ U N
Q) A '. Spent Nuclear Fuel Characteristics

Basic Characteristics of Spent Nuclear Fuel

Irradiation of the fuel assembly causes changes to:

the chemical
and isotopic
composition of
the fuel

evolution
of radi
inventory

the pellet
microstructure

the mechanical
properties of the
metallic structures

Post-irradiation

characteristics determined by:

— irradiation history during reactor operation;
— the steps after discharge for managing SNF.

Pre-irradiation
characteristics determined by:
— design specifications;

— the quality of fuel fabrication.




Module 5: Spent Fuel Storage

* Lecture 5.1: SNF Storage Strategy and Implementation
* Lecture 5.2: SNF Storage Facility Design and Operation

Spent Nuclear Fuel Storage
Spent Nuclear Fuel Storage Strategy and Implementation

[OTG:

Storage Alternatives

g
i >
Nuclear Power Plant
Reactor Operations
T T SNF Disposition
= w -
e o
=> & = &  ———
Nuclear Power Plant Away From Reactor,
Reactor Operations At Reactor Storage on Reactor Site Storage
= 1 a
N Z Direct Disposal
4 ‘ﬁ z
Nuclear Power Plant Away From Reactor, -
Reactor Operations At Reactor Storage Off reactor Site Storage E
r T
2 p o2 > %
7V & ﬁ Z Reprocessing
> =4 =4 and Recycling
Nuclear Power Plant Away From Reactor, Away From Reactor,
Reactor Operations At Reactor Storage on Reactor Site Storage. Off reactor Site Storage

Spent Nuclear Fuel Storage
Fuel Storage Facility Design and Operation

Storage Facility Operations

Centralised Temporary Storage
for SNF in Spain

he Interim Spent Fuel Storage
hcility in Paks, Hungary

ent Fuel Storage
Diablo Canyon NPP, USA

he Central Interim Storage
acility for SNF — CLAB, Sweden

NUHOMS — Nuclear
Horizontal Modular Storage

Spent Nuclear Fuel Storage
Fuel Storage Facility Design and Operation

Spent Nuclear Fuel Storage
Spent Nuclear Fuel Storage Strategy and Implementation

Storage Alternatives

Transitions from one step to another can only be completed when safety requirements are satisfied.

Storage Facility Maintenance Operations

—

SAFETY
DOCUMENTATION

Includes:

Specifications on inspections
Acceptance criteria

Items to be replaced

thermal constraints — Maintenance periodicities

burn-up and enrit limits — and frequencies

T A

sufficient cooling for transport —

Spent Nuclear Fuel Storage
Fuel Storage Facility Design and Operation

IAEA Spent Nuclear Fuel Storage
Fuel Storage Facility Design and Operation

Dry Canister and Cask Storage Systems

(&)1aeA
Wet Storage

The Nuclear Energy Institute's i -

(U.S.A) Everett Redmond describes ﬁ e
the purpose and design of a SNF PR, BWR =

pool to safely store spent nuclear \umlmmuw\

fuel at nuclear power plants. I Modular dry Dual purpose

storage systems system requirements

Burnup credit for

Designed as sealed
systems increasing density

Physical barriers
for shielding

Including neutron
absorbing materials

Cylindrical in shape,
vertical or horizontal

In building or

‘open area stora
Fuel positioned pe g8

- Decay heat removing
- in storage basket




Learning Objectives

The objective of this lecture is to explain how Spent Nuclear Fuel (SNF)
storage facilities are designed and operated. G)

Structure of each Lecture

Fuel Storage Facility Designand

— the design of wet storage facilities,

Operation
— the designs of dry storage facilities,
Title Page 2 H — the operations at wet and dry storage facilities.
Learning Objectives 4

<ol

] Overview of Chapters
Overview of Chapters

Learning Objectives

Storage Facility Designs ’
Storage Facility Operation >
Summary > - E j— =
s G dch Leclure 1asts
Quiz > i peaia

about 30 minutes

CONTENT | SEARC G Y | RE Summing Up +

m C ommen ta r — SNF storage is necessary regardless of how it wil be managed after S I f A t Q -
y elf Assessment Quiz

Activation product
— At Reactor storage capacity is required for any SFM strategy.

=z,

Advanced fuel Storage of spent fuel by definition is “holding spent fuel in a facility that provides

a B . N . N A — Away from reactor storage capacities can provide additional storage either
Advanced reactors (Generation for its containment, with the intention of retrieval”. on the reactor site or off-site. 5 Q & l s
)
¢ 0 — Both are viable alternatives and can benefit the back end of the NFC.
Away from reactor off reactor Spent fuel can be considered as a waste or a potential future energy resource.
2 — Arange of storage facilities have been safely deployed and are in use worldwide.
site / AFR (OS) . . . .
Spent fuel management options may involve direct disposal (known as the open
Away from reactor on reactor fuel cycle) or reprocessing and recycling (known as the closed fuel cycle).
site / AFR (RS)
PavETEE Ea Canles] Ressiny Either management option involves a number of steps, and includes storage of
/ AGR the spent fuel for some period of time.

Alpha particles The storage period can differ from a few months to several decades depending on

Alpha radiation the spent fuel management strategy. The time period for storage is a significant Quiz / Question 1 of 3 Q u iZ

At reactor storage / AR factor in determining the storage arrangements adopted. Choose the correct statement:

Average core power density The final spent fuel management option may not have been determined at the

Average Fuel Power Density time of design of the storage facility, leading to some uncertainty in the storage Storage of SNF is disposing of SNF in a facility that provides for its containment, with no intention
period needed. This is a factor that has to be considered in the adoption of a of retrieval

Back-end nuclear fuel cycle . R .
storage option and the design of the facility.

e Storage of spent fuel is by definition an interim measure, but the term “interim

CONTENT

Storage of SNF is disposing of SNF in a facility that provides for its containment, with the intention
of retrieval.

a] (B) > =

COMMENTARY | PLAY

Storage of SNF is holding SNF in a facility that provides for its containment, with the intention of
retrieval.




Module 1
Overview and Spent Fuel
Management Strategy

Module 2
Fundamental Principles of
Spent Fuel Management

Module 3
Spent Fuel Characteristics

Module 4
Spent Fuel
Transportation

Module 5

The course is available in additional languages
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Embalajes de transporte

COMBUSTIBLE ALMACENADO SECO

Spent Fuel Storage

Transporte de comt
Transporte de com

£l embalaje utilizado para transportar CNG puede constar de diferentes conjuntos de componentes.

COMBUSTIBLE
MACENADO EN HUMEDO

Los contenedores metalicos utilizados para |  Para el gastado
el almacenamiento en seco de combustible | las capsulas se retiran de los sobreembalajes
gastado a menudo estan disefiados para de hormigdn que se usan en el almacena-
ser transportables, lo que se denomina miento y se colocan en un sobreembalaje
como contenedores de doble proposito de transporte de aceroy cilindrico. Al igual
(DPCs). Tienen un sistema basado en tapas | que los DPCs, estos tienen una tapa ator-
atornilladas y pueden equiparse con limita- | nillada y estén equipados con limitadores
dores de impacto para el transporte. o de impacto.

e,

Elc
de la piscina d

gastado a un contenedor

de transporte con un bastidor
integral, que mantiene una
geometria subcritica.

IAEA Certificate of
Completion

“IAEA e-Course on Spent
Fuel Management”
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Infographics completed series

SPENT FUEL STORAGE STATUS
from nuclear power reactors
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Technical Meetings/Workshops Scheduled in 2024

* Workshops

— Chemistry of Fuel Cycles for Molten Salt Reactor Technologies,
2-6 October 2023 (In collaboration with OECD/NEA)

— Challenges in Managing Spent Accident Tolerant Fuels (2024)

* Technical Meetings

— Management of Non-Standard & Exotic Legacy Spent Fuels (tbhd)
— Back End of Fuel cycle for HTGRs (tbd)
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IAEA | SFMNet

Coordinated Research Projects - Technical Meetings - Publications ~ WWebinars E-leaming Infographics Members’ anea CONNECT Home: SFM Public

N’ Spent Fuel
e Management Network

IAEA Marie Sklodowska-Curie Fellowship Programme Applications now open

Interactive Guide Guidebook on Spent Fuel
Storage Options and Systems

WWelcome to the IAEA Intemational Metwork on Spent Fuel Management - SFM Met

The spent fusl management (SFM) network is 3 forum for the sharing of practical experience and international developments on spent fus|
managament

Its main objectives are to faclitate the efficient exchange of information, communication and cooperation amongst professionals working in
the back end of the fusl cycle - from its removal from a reactor core to its final disposition (i.e. SNF wet and dry storsge, fransportation,

handfing and retrieval, reprocessing and recycling, economics of the back-end of nuclear fuel cycle, damaged SMF management. E -Lea rn i n q Co u rse o n S pe nt F u el M a n ageme nt

stakeholder involvemant, communication issues, et}
MNew infographics now available!

The estabkshment of the SFM MNet is aimed at fostering safe, sustainable and efficient spent nuclzar fusl management practices scross all
IAEA Member States.

Far further information or questions please contact 3FM.Contact-Fointi@liaea.org.
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“Learning never exhausts the mind”
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