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International Atomic Energy Agency (IAEA)

“The atomic energy agency
ble

Atoms for Peace (1953)

addressed by D.Eisenhower,
to the 470th Plenary Meeting
of the UN GA

* Founded 1957

= HQ in Vienna

150 Member States

= 6 Divisions

2200 Staff

About 300 MEuro Budget
= WwWw.laea.org
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Pillars of the IAEA
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* Promoting Science 8&» "’chﬁﬁlogy

the world's focal point to moblllze\geab@&apphcatloﬁs «@f nuC"iear

science and technology for critical needs in develmpmg c:auntnes

* Promoting Safeguards & Verlflcatlon

the world's nuclear inspectorate

* Promoting Safety and Security

helps countries to upgrade nuclear safety and security

IAEA’s 50 Years of Atoms for Peace (2007)
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Profile of the Physics Section

22nd IAEA
The PS supports the IAEA Fusion Energy Conference
Member States regarding e
- . Ninth International Topical Meeting on ﬁ
utilization of: Nuclear Applications and ==

Utilization of Accelerators
AccApp’09

PS implements P&B activities based -
on MS demand: Int. conferences,
TM, Experts’ meetings, Coordinated

research, Networks, DBs, TC, etc.

T ==

T —
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Application of accelerators:

= Accelerators and its application in COLLISION EVENTS

Vacancies Produced (K-P)

multidisciplinary research and industry.

= Small and medium size facilities:;

particle and X-ray machines (CC

Number/lon/Angstrom

scheme)

= Various probing methods (IBA, PIXE,
PIGE, SAXS, etc.)

= Focus on development of advanced
materials and simulation of various
processes, primarily for ene.
systems (fission, fusion, ADS
hydrogen production, storag
conversion)

f'/
(8)1AEA
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Applications of RRs:

= [rradiation programs (radio-isotopes, R&D
structural materials, nuclear and non-
nuclear energy applications)

* HR development (Training activities, know-
how dissemination, professionals &
students)

= Support of basic & applied research (neutron physics,
material science, industrial applications)

= Other areas (biology, medicine, semiconductors, hydrogen
economy: production, storage and conversion).

ﬁ;f@’j& I A E A Joint ICTP/IAEA Advanced Workshop 9
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PS activities — programmatic view

Activities linked with the rationale of IAEA’s program:

= 1.4.2.1 (D2) Enhancement of utilization and applications of
RRs, promote the continued development of scientific
research and technological development using research
reactors.

= 1.4.3.1 (D3) Accelerator techniques for modification and
analysis of materials for nuclear, analytical and
computational investigative tools, on the engineering front -
new material performance testing technologies,

= 1.4.4.1 (D4) Supporting plasma physics and fusion
research, support of advanced devices operating plasmas
that are used for materials research and industrial
applications.

/ p.Y
' y 1AEA Joint ICTP/IAEA Advanced Workshop
- ICTP Trieste, 12-22 April 2010
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Role and mandate of IAEA

53rd IAEA General Conference, Vienna, 14-18 Sep 2009

O Agency should encourage and assist research and
development and practical application of atomic energy for
peaceful uses and to foster the exchange of scientific and
technical information

O Support bilateral and international initiatives and their joint
R&D on innovative approaches to nuclear power

O Secretariat has to promote the exchange of relevant technical
information among interested MS and foster HR trainings

O IAEA should identify and explore innovative institutional and
infrastructural solutions supporting the future deployment of
Innovative nuclear energy systems

O Coordination and strengthening of research activities among
MS (e.g. CRP, WGs, Expert meetings, etc.)
(£
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NPP structural materials - R,_

Ay

Physical protection function f—;%*ty m “retly
¥ © 1 S ¥ [
Q System of barriers (FP): Fuel matrix - Clad ng\—ﬂéactli‘) I

Containment 8 S i
s

a R(P)V — key component (non-replaceable), LWR (Gen I+ from' B
1980’s) designed 40y, some operators plan to extend up to 60 (80y).

Q Structural materials - have to assure all (designed) parameters of
component and they are directly linked with its functionality!

a Reactor core components — degradation due to ageing and other
external factors (radiation, temperature, chemistry, etc.), it's linked
with component reliability

a RD mechanisms: embrittlement, thermal creep, swelling, cracking,
etc. to be carefully considered in design phase (engineering
approach)

El Need to understand matéftarlse HatAsur Stiedstinrarg & 6f degigiiéd
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On-going issues & int. cooperation

a

Activities at the level of basic research should be more open,
there is no general coordination on material development
(budget issues, fusion (EFDA) different approach).

New multidisciplinary approaches, effective application of
lessons-learned, role of the theoretical modelling should not be
over-estimated.

Stimulation of basic R&D and int. coordination of individual on-
going initiatives (intellectual property rights).

Support of basic R&D to be addressed - invitations via broader
research community (Academia and Universities).

Closer interaction with other Int. organizations is needed (GlIF,
SNETP, EERA, BA, ITER, IEA-FA...).

O IAEA recognised as a focal point, Agency supports all 150 MS.
f’\ \\l
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Main issues — radiation damage

V. Slugen, A.Zeman, J.Lipka, L.Debarberis, NDT&E Int. 37 (2004) 651-661

< Defects loop
0 "
® Cuprecipit. gy g
@ Psegregation JEEE

PRECIPITATION 7

U

Direct impact on mechanical properties

O Effects like: Direct Matrix Damage (dpa),
Precipitation, Segregation, Phase
transformation, etc.

a Alloying elements (Ni, Mn, Cr, V) and sw\“(’
impurities (Cu, P) play important role. ™R

a Thermal (Q) and mechanical treatment (CR)

can accelerate or reduce such processes Luckily, lattice behaves
(e.g. impact on distribution and size of differently, recovery

rains) mechanisms, however only
J ' under certain conditions!

O Effect of Flux (dose rate), energy spectra (En
> 0.5 MeV) and temperature.

a Higher doses (> 10 dpa) — Transmutation

LWR: RPV ~ 0.1 dpa, RVI (up 10 dpa)
(1 dpa = every single atom in lattice has been dlsplaced')
(&)

,,,,,,,,

400
Deptp, (nm)
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Main issues — embrittlement

Serious problem for RPV (non-replaceable)

a Normal (ductile) fracture occurs by direct
breaking of atomic bonds along the "
crystallographic planes

Q Brittle fracture spreads through the grains
and grain boundaries because grains are [
oriented in different directions, crack
changes direction at the grain boundary

a DBTT limits RPV operation! e IRRATIATFD

LINIRRANIATED

Brittle

Ductile

USE {J)

Load

TT {°C})

I
1
1
1
1
1
1
1
I
I
I
I
I
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I
I
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Main issues — prediction models

O Mechanical (macroscopic) properties = %
- consequence of micro-structural .

changes 3 ///7/////

O Prediction models - designed for EOL ////7//

Safety margins vs. lifetime extensions A

P gSlg o N [ ey
a Study of microstructuctural FLIENGE ) €, 1 et
mechanisms - more precise models

ATT [°C]

U

O Benefits for future innovative reactors f AT
fission and fusion *

( ) 3 AP

AT =AM + AP % AM

Total = Matrix + Precipitation

Fluence or dose
Zeman et al., Int. School of Physics (ITEP), Moscow, 12-18 February 2007
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Main issues — swelling

Garner, /AEA Satellite meeting on Cross-cutting issues of structural materials for fusion

Issue for fuel cladding and core components

O Void swelling in Fe irradiated in the BR-10
fast reactor at 400°C to 25.8 dpa at 4 x 10~/
dpa/sec

O Variations in neutron flux-spectra can affect
property changes via transmutation rates
and dpa rates.

O While recognized as important the impact of™
these effects has often been strongly
underestimated.

a Traditionally, predictive swelling equations |
for steels have ignored these effects

Now-accepted version: % swelling = A (dpa rate)%-731 (dpa)?

gd@} l A E A Joint ICTP/IAEA Advanced Workshop 18
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Main issues — (micro)chemistry

Debarberis et al., IAEA-ICTP Advance Workshop on Development of Radiation

O Irradiation assisted stress corrosion

cracking (IASCC) —
0 RVl issues (dose > 10 dpa) .
0 LWR Serious problem (RVI), high coolant |-75% "O8: HOHOH

flow rate (thermo-hydraulic stress)
A Chemistry extremely important (O, H)

Corrosion

IASCC

Stress

Radiolysis

Radiation corrosion

resistan materials, , 20-

2 OH—-H,0,

Water Stress Corrosion Cracking

Fracture Mechanics

adiation

Radiation creep

Radiation induced
segregation

Material

Joint ICTP/IAEA Advanced Workshop 19
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Main issues — prediction models

Displacement Primary Defect Migration, Macroscopic
cascade Damage Clusters, Nucleation Property Change
B APEA ¥ Primary Colisions Stage qmwih . .
D%H"usil:n 2 Dislocationd
Cascade Defect Interaction
Collisions DA s iamulation Enhanced Creep
s Failure:
Heenn e o M mi.'rﬂ'l F-at;légguml M_aalt:rl}eal _
Relaxation Lifetime e A

10-1540-1= 1012 10-11102 10 10° 107 10= 104107 10= 10° B S

Time-scale (8}

artun Yol ) Jonete  [[) Diessens ) Buten

[ PKA (Fe) 150 keV
O Multiscale approach = |
O Ab-initio calculations of PKA & SKA %m
0 Vacancy clusters formation %m-
0 Energy transfer to the lattice . I';

(8)1AEA
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Main issues — Experimental validation

Microstructural evaluation: Localized deformation (e.g. dislocation
channeling, phase transformation, etc.) occurs in irradiated metals (alloys)

Zinkle, IAEA-ICTP Advance Workshop on
Development of Radlation resistant
materials, ICTP Trieste, 20-24 April 2009

Non-destructive detection of

precipitation

eccccoce

SIZE [nm] =
101 1070 101 102 103
|
PAS. MS. APFIM U mag. prop, TEM, SANS
oo SANS, ASAXS| el. Con., therm. el. fofce
dislocation loop |

[
—
=]
-
o
=]
=
-
()

Bloch wall

pre. of Cu richp., segr. of P rich p.

0000000000000 000000000000000

el.res., mag. prop., EC, TEM, SANS PAS, ASAXS, APFIM

defect cluster

§o.oc.-.-o.oc-o.oci
i PAS, elres., EC, SANS
i MS, APFIM, ASAXS

Neutron
irradiation

PAS, MS, APFIM, SANS

Fatigue

degradation proceses

.......

DEGRADACNY PROCES

Thermal
ageing

Zeman et al., Int. School of Physics (ITEP), Moscow, 12-18 February 2007
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Recent R&D activities

O Last decade, R&D activities driven by fusion community, ITER
and non-ITER countries contributed to studies of RDM.

Q Continuous development of semi-mechanistical and multi-
scale models, especially in terms of radiation degradation
mechanisms (RPV, RVI and fuel).

a Multi-disciplinary approach, effective application of lessons-
learned (advanced metallurgy, aerospace industry, nano-
science...).

a Prediction models will be crucial in future material
development, however at the moment, role of the theoretical
modelling should not be over-estimated, experimental studies

are needed.
(L)
\\l{!& 4!}’ I A E A Joint ICTP/IAEA Advanced Workshop
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Coordinated Research Project (on-going)

IAEA CRP on Accelerator Simulation and Theoretical Modelling
of Radiation Effects (jointly NA-NE)

Deals with several issues related to the proton and ion beam
irradiation in order to achieve very high radiation damage,
project aims to facilitate following issues:

(1) Better understanding of radiation effects and mechanisms of
material damage and basic physics of accelerator irradiation under
specific conditions,

(2) Improvement of knowledge and data for the present and new
generation of structural materials,

(3) Contribution to developmental of theoretical models for radiation
degradation mechanism and

(4) Fostering of advanced and innovative technologies by support of
round robin testing, collaboration and networking.

N\ N
\f{ j{’ I1AEA 4" GIF-INPRO Interface Meeting 25
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Coordinated Research Project (on-going)

IAEA CRP on Accelerator Simulation and Theoretical Modelling
of Radiation Effects (jointly NA-NE) - FACTS

Extensive theoretical and experimental studies are being carried out
among participating laboratories form Belgium, China, European
Commission, France, India, Japan, Korea, Kazakhstan ,Poland,
Russia, Spain, Slovak Republic, Ukraine and USA (18 full members).

a Project launched 01/2009
a First reporting point is RCM to be hosted by CEA (Paris) 05/2010

O Members will present recent achievements on experimental testing of

various ODS (MA957, PM2000, EUROFER, K3, etc.) irradiated at
different temp, dpa and dose rates

O Studies of synergism H/He, combination (validation) of recent
theoretical models.

p.Y
\
j IAEA Joint ICTP/IAEA Advanced Workshop
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Recent scientific events

EURDPEAN COMMISSION Institute for Energy

BJRC ¢ (E)1AEA

Joint EC - IAEA Topical Meeting on:

(F1-TR-37435)

Development of new structural materials for advanced fission
and fusion reactor systems

hosted by
FUSION IgRILas
FOR
ENERGY

R
«
(&b
N

e

R’

JIAEA
International Atomic Energy Agency

INFORMATION SHEET

ICFRM-14 Satellite meeting in cooperation with the IAEA on

Cross-cutting issues of structural materials for fusion

http://meeting.iaea.org/

10 - 11 September 2009

and fission applications

14th International Conference on
Fusion Reactor Materials
(ICFRM-14)

|\
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Education & training activities

The Abdus Salam

'@' International Centre for Theoretical Physics (ﬁ) Member StateS see

oint ICTP/IAEA Advanced Workshop on
Development of Radiation Resistant Materials
20 - 24 April 2009
(Miramare — Trieste, Italy)
The Abdus Salam International Centre for Theoretical Physics (ICTF), Tn:sm Traly, in coopn'anon wuh dr:
the Ad

International Atomic Enerpy Agency (the IAEA), Vienna, Austria, is
Development of Radiation Resistant Materials, to be held at ICTP, Trieste, from 20 to 24 April 2009,

Within the frame of the INPRO and Generation TV initiatives, the next generations of nuclear power reactors
are under assessments and in the R&D process. Almost all new reactor concepts are specified by higher
cfficiency and better utilization of nuclear fuel with minimization of nuclear waste. For the sustainabality of the
nuclear option, there is currently a renewed interest werldwide in new reactors and closed fuel eyele rescarch
and technology development; however, such an approach means that a new class of structural materials with
significantly berer radiation resistance will have 1o be introduced. To achieve the high performance

parameters, more focused research and resting of new candid. ials are

V-

Recemt development of new classes of materials with improved !'.I.IIl.'ruH.‘l'LlLlul'd] [ealms such as l.v.n.upus.lle

materials (Sl('.] and Oxide Disp 1 Strengthen (ODS) or ad | Ferritic-) ic (FM) steels. 1s quite
prunnslu;, SIIIK.C Ih:y hinc w:ry good radiation r::milan:: pn:pcrhl:s Iu m\\ of l.'hc mwssful and I.uu:].y
A RS 4 o il R

More info: www.ictp.it

=T

e [
é The Abdus Salam ,w_ul
y j me International Centre for Theoretical Physics &)
P _1AEA_

Joint ICTP/TAEA Advanced Workshop on )
Multi-Scale Modelling for Characterization and gkﬁ%\\lﬂ}

Basic Understanding Ny L~

of Radiation Damage Mechanisms in Materials
12 - 23 April 2010

Miramare — Trieste, Italy

The Abdus Salem International Cenire For I'Ilwu.lll.ul Phasies (ICTF, Trissie, Dalvh in cooperaiion with ihe
Internationsl Atomic Enenzy Agency (IAEA, Wiemna, Austria), is omganizing an Advanced Warkshap on Multi-Scale
Modelling for Characierization and Besic Undersianding of Radation Demoge Mechanizms in Materiaks, i toke place
i Trieste from 12 ta 23 April 2010

The objective af this Woekshop is W provide knowledge transfer and undessinnding of the iheory snd practical
application of multi-scale modelling for struciaml materialks being used, |||||I planned 1 be used; in the puclear indusiry
The Wiorksliop's caiceise = fII.mJI. | 1 isceeise the awinesess of il imake more widely available, ceseminl
know ledp bhasic physical processes in materials under irmadistios, pracierisaison, medelling and compuser
simulation technagues. This Warkshop targets researchers with & demonstraied interest in sdvanced nuclear techaigques
sl rliatson msterils scimer seeking Nirther professional and cameer development

A | Open to IAEA & UNESCO

IAEA

Infernational Absmic Energy Agency

DIRECTORS

A. ZEMAN
(IAEA, Vienna, Aunstria)

V. INOZEMTSEV

O Support of international and regional education and trainings

a Cooperation with ICTP and other collaborating centres
(ANSTO, RID, Elletra, etc.)

(8)1AEA
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Recent R&D issues

U O

a

Roadmaps on IR, national priorities (GIF portfolio: SFR, LFR,
GCR, MSR, VHTR, SCWR).

Consideration: Design - Coolant - Material (pathway)
Structural materials : critical issues for several concepts

Basic research - screening of candidate materials -confirmation -
qualification procedure, most of the steels developed 70-80 are
not suitable (P91, T91, MA956, 304, 316)

Characterize the operating conditions of critical replaceable and
non-replaceable components (EOL dose, operational
temperature and transition regimes, neutron flux, chemical
compatibility with coolant, mechanical stress, and design
lifetime).

Pre-selection of candidate materials, consideration of research
outputs in fusion in order to analyse long-term behaviour

y’\

Q) \
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GEN-IV material development

GIF R&D Outlook for Generation IV Nuclear Energy Systems (2009)

O VHTR unique components needed, including the RPV, intermediate
heat exchangers, and Brayton cycle turbo-machinery. RPV size and
thickness being larger than modern boiling water reactor vessels.

0 SFR development of advanced structural materials may allow further
design simplification and/or improved reliability (e.g., low thermal
expansion structures and greater resistance to fatigue cracking). These
new structural materials need to be qualified, and the potential for higher
temperature operation evaluated.

0 SCWR development of materials and components will build on (1)
evaluation of candidate materials with regard to corrosion and stress
corrosion cracking, strength, embrittlement and creep resistance, and
dimensional and micro-structural stability; (2) the potential for water
chemistry control to minimize impacts as well as rates of deposition on
fuel cladding and turbine blades; and (3) measurement of performance
data in an in-pile loop.

L)
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GEN-IV material development

O GFR many of the structural materials and methods could be adopted

from VHTR, including RPV, hot duct materials, and design approach.
RPV is thick martensitic Cr-steel structure, ensuring negligible creep at
operating temperature.

O LFR corrosion of structural materials in Pb key issue, corrosion of steels
depends on the T and (O). In addition, surface oxidation and erosion to
dissolution of the structural steel (oxidation rate, flow velocity,
temperature, and stress conditions). FM and AS compatibility with Pb
has been extensively studied and it has been demonstrated that
generally below 450°C!, with an adequate oxygen activity in the liquid
metal, both types of steels build up an oxide layer which behaves as a
corrosion barrier, above 500°C?, corrosion protection through the oxide
barrier appears to fail (e.g. T91 and AlSI 316).

O MSR main steps are the experimental validation of SM behaviour
(mechanical properties, corrosion), like Ni-based alloys including
increased T, and the investigation of fission product deposition on
st{;uctures and embrittlement.
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R&D pathway - critical issues

Debarberis et al., IAEA-ICTP Advance Workshop on Development of Radiation

Available materials - only
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Workshop details

Obijectives: up-to-date information on basic theories and computation
tools which are needed for modelling of physical properties and radiation
effects at different levels in the multi-scale approach.

Specific topics:

ATheories applicable for characterisation of properties at various time and
dimensional scales

aDegradation mechanisms of material microstructures and properties

aPhysical models implemented into computer codes for material
properties and simulation of behaviour under irradiation

ATools for experimental validation and benchmarking of multi-scale
models

QApplication of multi-scale modelling approach to studies of radiation
effects in selected materials and model alloys
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Workshop details

Participation: 40 attendees / 27 countries, more than 160 applic.

Program: 48 presentations will be given by 14 senior experts.

Syllabus: available electronically at ICTP web page.

Posters: 32 posters to be displayed during 3 sessions from 12 to
14 April, evaluation will be done and best 3 authors will get timeslot
for oral presentations.

Technical tour: visit of ELLETRA synchrotron facility (IAEA CC)
planned on 15 April.

Workshop questionnaire: feedback regarding WS organisation
ISSues.
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Thank you for your attention

email: a.zeman@iaea.orq
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