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Outline
* RR issues and challenges

e Examples of efforts related to neutron imaging
v Finished CRP in the area of cultural heritage
v Finished CRP on materials R&D for nuclear energy
v"Round-Robin tests
v’ Support through Technical Cooperation projects
v"Most recent publications
v’ Future efforts

e This Training Workshop
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e Contact: D.Ridikas@iaea.org




Major Activities within Physics Section HUREE s Aopiictions

and Utilization of Accelerators

Assistance and support of Member States in the field of

1. Accelerators

Research Reactors

Controlled Fusion

Nuclear Instrumentation

| | EA nsm r?/UM
Cross-cutting Material Research P l’- [ENCi — B

International Conference on

Research Reactors:
Safe Management and Effective Utilization

16-20 November 2015, Vienna, Austria

Contact: D.Ridikas@iaea.org




Program/project organisation: X-cutting
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IAEA Research Reactor DataBase (RRDB)
http://nucleus.iaea.org/RRDB/

b
Research Reactors

Home | By Location By Category

Includes:
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By Utilisation
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Admin |

Summary Reports

* Detailed information S -
of ~700 facilities g i L
* Operational status ———— =
* Reactor data
* Fuel data 1 elarus
* Utilization records o
*. = [ Bulgaria

[ canada !

Jointly coordinated
and managed by

NAPC & NEEW. Now possible:

* Online updates

* Multiple search

* Up-to-date statistics
* Maps, and

* Much more!
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RR utilisation: applications

Application Number of RR | Involved / Number of
involved Operational, % countries
Education & Training 161 67 51
Neutron Activation Analysis 122 51 54
Radioisotope production 90 37 44
Neutron radiography 68 28 40
Material/fuel testing/irradiations 60 25 25
Neutron scattering 48 21 32
Nuclear Data Measurements 42 18 20
Gem coloration 36 15 22
Si doping 35 15 22
Geochronology 26 11 21
Neutron Therapy 20 8 13
Other 95 40 29

(8)1AEA
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Challenge of Underutilization: affects ~50% of RRs

“Busy”, well utilised RRs; © “Naked”, barely utilised RR; ®
1st crit. 1965 1st crit. 1979
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Strategic Considerations for a RR facility

Vision & Mission
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Research
Education and training

Stakeholders/users and their needs

Facility — Budget - Staff
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IAEA and ISNR survey of neutron imaging facilities

» 47 entries out of ~60 contacts (~78 %)
» 32 countries represented out of 40 involved (~80 %)
» Both big (>10MW) and small RRs (<1MW) covered , including a few SNSs

. Algena, CENB. 15 MW 4
2. Algena CEND. IMW 6
Argentina. RA-6. 1 MW

oW

: i SR 30, Poland, Maria, 30 MW 90

Australia, OPAT. 20 MW Neutron Imaging Facilities Survey S i 1 =

3. Austria, TRIGA TT Vienna, 025 MW B T TG RS o

6. Bangladesh, TRIGA MARK I 3MW 33.  PRomania, TRIGA 14MW, INUM 100

7. Belgium BR1.4 MW 34 Russian Federation, BR-2 pulsed, 2MW average 102

8. Brazil, Argonauta, 0 MW 35 Slovenia TRIGA Mark TT. 025 MW 104

9. Brazil AERL 5 MW Jointly Prepared and Conducted by 36 South Afica, SAFARL-L 20MW 106
e s SR e R 37.  Switzerland. ICON, spallation neutron source, 0.8 MW ...

5 anada, aster Umv..

i o X e fonanit i the ISNR and TAEA 38, Switzerland. NEUTRA, spallation neutron source, 0.8 MW .

E O CARE, SOMW 39, Thailand TRIGA Mark IIL 1 MW 115
11.  China, Peking University AMS Laboratory. 4.5 MeV deuterons on Be and D 41 USA NBSR-NIST. 20 MW 122
12, China, Sichuan Reactor, 20MW £ USA OSTR Oregon State. 110 MW 13
13, Egypt ETRR-2, 22 MW 43 USA UC Davis, TRIGA Mark T 1 0 MW 133
14 France ORPHEE. 14MW 44 USA ORNL HFIR. 85 MW 136
15.  Germany, BER I, 10 MW (CONRAD Instrument) ol s, 45, USA.PSBRPENNST. Um TRIGA m‘w 139
— T " & a % y 46, USA LANL LANSCE sp 0.08 MW 141

. TIany, L VRO nsbrnend): o.ocoomcemieinia pias Fodle 73 Y 1AEA 47 Vietnam DalatRR. 05 MW 125

Geimany, FRM.] ARES). 2 r L8 % 5 DY)
1% Y- ILLANE, 5). 20 MW A = %"’P International Atamic Energy Agency
17.  Germany, FRM-II (NECTAR,). 20MW, with CONVETET . ..ooroooeoeeoeeeeoeeeeeeeee ";’:ﬂdjd“@ Atoms for Peace

18.  Germany. PIAF, 12 MeV Deuterium 20 pA CW. 2 pA pulsed ..
19.  Hungary, DNR.. 10 MW
20. Hungary. NORMA, 10 MW
21.  India, Dhruva, 100 MW
22 Indonesia, GA Siwabessy MTE. 30 MW
23, Israel IRR-1. SMW 71
24, Taly, TRIGARC-1. 1 MW 73
25, Japan JRR3. 20MW 75
26.  Japan, J-PARC. <1MW 78
Korea, HANARO, 30 MW
Malaysia, TRIGA T PUSPATL 1 MW.
Morocco, MA-R1, 2 MW
Norway, JEEPTL 2MW

JIAEA

£

24 September 2015, Vienna {Austria)

Contact: D.Ridikas@iaea.org



Initiated/discussed during IAEA Satellite meeting of WCNR in October 2010

Objectives:
* Promote NI technology in order to enhance its utilisation in cultural heritage
 Establish the necessary standardization procedures and methodology to achieve synergy
among participating laboratories / facilities.
» Strengthen collaboration between the NI community involved in cultural heritage research
» Develop a database of standard NI-services for cultural heritage needs
» Evaluate available software for data-analysis and simulation.

19 Research Contracts and Agreements, ~20 countries

Final publication in print

Responsible officer: A.Zeman@iaea.org, Physics-NAPC, IAEA
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neutron imaging

Objectives:
* investigation and characterization of materials relevant to nuclear energy applications
« optimization and validation of experimental and modelling methods
» creation of a database of reference data for nuclear materials research
« enhancement of the capacity of research reactors for nuclear materials research

Czech Republls,

’ | Germany

The Nether!ands
France b
Switzerland“Italy ra" nia «Hlapan

Hungary Republic of Korea

N\ Wi

—
Indonesia‘~. . ™

South Mrica .

rgentina

~

Among other achievement, a thematic network on
IAEA | _
neutron imaging has been created
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Neutron imaging: contrast and precision Round Robin

* Objectives:
Assist in organization and implementation of Round Robin exercise
Advise on procedures and interpretation in digital neutron imaging
Seek for sustainable QA/QC process
Offer training workshops/schools

* Means:
Guidelines (and deadlines)
Samples from PSI: contrast and resolution
IE for advice and evaluation
Results analysis, both individual & group
Follow up workshops/schools

IAEA
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Neutron imaging: contrast and precision Round Robin

* Results:

e Participation from 14 facilities world-wide

* Good results achieved by 5-6 neutron imaging facilities
* Deficiencies identified for 2-3 facilities

e Future:

 Continue exercise every two years

* Use improved samples/methodology
* Procurement of new samples el e
- Analysis and recommendations |G ’ (I I *“W
* Follow up workshops | ’
* Training workshops/schools

e P
3888383

Contact: D.Ridikas@iaea.org




Neutron Imaging: support to WCNR

Home
» Conference Information
., Registration &
 Accommodation
¥ Programme
Deadlines
Organising Committee
Photo Gallery
» Related Links
Sponsorship

School of Imaging &
with Radi, n

Contact Us

CLICK HERET EWTHE'

CONFERENCE PROGRAMME

WCNR-9
g

Bth World Conferance on Neutron Radiography
3 - B October 2010, Kws Maritane, South Atrica

WELCOME TO THE 9TH WORLD CONFERENCE ON NEUTRON RADIOGRAPHY

This is the 8th conference in the series of World Conferences for Neutron Radiegraphy (WCNR-8), that has been
scheduled by the International Society for Neutron Radiology (ISNR) to take place every 4 years since 1981, when
WCNR-1 was held in San Diego, USA. This is the first opportunity for the event to be held on the African continent
with South Africa as the nominated host,

The aim of the series of WCNR s to bring researchers, students and feliows togetner to share information, build
networks and fo strengthen relationships between international partners in neutron radiography related research
Topics to be covered at WCNR-9:

* Meutron sources and beams at fast- , thermal- and cold neutron facilities.
+ Neutron detectors and fechnigues for tomographic, phase-, stroboscopic, and other novel imaging practices.
= Industrial neutron imaging applications and its complementary nature to X-ray imaging.

We look forward 1o your active pariicipation from 3 to 8 October 2010 at the WCNR-8 through oral or pester
presentafions in the beautiful African wild life setiing at Kwa-Maritane Bush Lodge, about 80km north of Preteria
A scientific visit is also planned to the thermal- and fast neutron radiography facilities at Necsa, located 40km
west of Preforia,

Frikkie de Beer
President : ISNR (2006-2010)

CLICK HERE TO REGISTER FOR THE WCNR-9

CLICKHE! FO'REGISTER'FOR™
SCHOOL OF IMAGING WITH RADIATION

*
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Proudly South African

VOLUME
GRAPHICS

WCNR-10 will be the global forum to communicate latest developments
in the held of Neutron Imaging. Itis intended as the international platform
to exchange knowledge about methodical improvements, facility instal-
lations and upgrade, usage for scientific and industrial related topics and
links to related fields like neutron scattering and X-ray imaging.

The WCNR-10 will be held to exchange the experience among the facility
operators and to bridge between the advanced and the developing labo-
ratories for further improvements,

Topics Scientific Advisory Board
= Beamlines ﬁB.:nf us.aéa E
= Instrumentation L. Bennett, Canada
= Method deve:[opment Imsmgm
= Data processing U, Garbe, Australia
= Applications Z Guo, China
C. Franklin, South Africa

Local Organisation Committee
E. H. Lehmann (Chairman)

A.P. Kaestner (Vice-Chairman)

D. Mannes

R. Bercher

G. Frei

A_P. Kaestner, Switzerland
N. jilow, Germany

Y. Kiyanagi, Japan

E.H. Lehmann, Switzerland
B. Schillinger, Germany

N, Takenaka, Japan

R. Tsukimura, USA

Further information on the conference web page:

www.psi.ch/wenri0
Contact; wenrl0@psi.ch

In cooperation with:

IAEA

\rsamascnal Mnete Frargy Agansy

€55

Sponsors:

PR RuEME

VICTORINOX i L

StortsNewrroies

he
l VOLUME
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Support through the IAEA TC projects

. South Africa:
. China:

. Algeria:

. Indonesia:

. Malaysia:

. Morocco:

. Jordan:

. Thailand:

. Bangladesh:
10. Braazil:

(LY 1IAEA
)

--7"!\‘-

upgrade of neutron imaging station (training, procurements)
development of neutron imaging station (training, procurements)
procurement and expert advise

support through EMs

support through EMs

support through EMs

preliminary design of neutron radiography station (ongoing)
support through EMs (planned)

support though EMs (planned)

support through EMs (planned)

15
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IAEA TC project EGY4048:. Development of Neutron Irradiation and
Beam Line Facilities for Effective Use of the Research Reactor

Design, procurement and licensing of the complete digital neutron imaging facility
at ETRR-2 reactor in of EAEA in Egypt

+ expert missions & training of staff

¢y \
(L) 1AEA

e Contact: D.Ridikas@iaea.org




Promotion of neutron imaging

Neutron imaging featured in IAEA brochure (2010,

sentto ~170 IAEA Member States

rev. 2015);

Applications of research reactors

Rexearch reaclars are eruclal to iniproving human health and guality af Hfe,
ing bettar induxtrial producty, and irg seience and

Research Reactors:
Purpose and Future

B & mognesic m
with metroca and they belp tadev

USE OF NEUTRONS
Eduratian & training

IAEA

tecil it
Intsrnstional Atomie Ensrgy Agency moleciles and Ialtices
_Aroms for Peace liced.

Applied research with neutrons

The nnigue properdies of nentrons make them a kighly ralnable tool dn maay sclemtific

MATERIAL RESEARCH WITH NEUTRONS

MATERIAL PROPERTIES

amwngement and dymamics of atoms
heir magnetic behavioos.
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IAEA publication 2015 (in print):

» Dedicated section(s) on neutron imaging

IAEA TECDOC SERIES

CONTENTS

L. INTRODUCTION. ...t cs s e eem e s et eememee e e manae s s 1

1.1 Backgrounmd ..o 1
IAEA-TECDOC-Sernes 1'.-".-'3| 1.2 Use of neutron beams for materials research ... ... 1
1.3 Purpose and stucture of this Publication....................... . 3

Use of Neutron Beams for Materials
Research Relevant to Nuclear Energy Sector

LIST OF CONTRIEUTORS TO DRAFTING AND REVIEW ... 85

LIST OF INDIVIDUAL PAPER CONTRIBUTORS . ... i

SV IAEA

Intarnatiana Alemic Esrgy Agancy
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IJAEA Technical Meetings:

« Networking & advances in neutron imaging
 Networking & standardization of neutron imaging

26-29 November 2012; Serpong, Indonesia; 20 participants from 16 countries.

23-26 June 2014, Vienna, Austria; 25 participants from 20 countries

Contact: D.Ridikas@iaea.org




Proposal for a new CRP on Development of Standardized
Protocols and Samples to Evaluate the Performance of Digital
Neutron Imaging for Industrial Applications

Main objectives
Develop and publish standardization protocols and guidelines
Develop and produce standardized test samples
Organize and perform Round Robin exercises
Develop a modular E-learning tool for training purposes in digital neutron imaging
Develop marketing strategies for industrial applications of neutron imaging
Explore and promote neutron imaging using compact neutron generators

Schedule:
Design of the project 01-2016
Approval of the project: 03-2016
Call for research projects: 04-2016
Deadline for applications: 07-2016
Evaluation of projects: 09-2016
Project kick-off meeting: 12-2016

(LY 1IAEA
) .

--7"!\‘-

Contact: D.Ridikas@iaea.org




Neutron imaging: organization of training workshops

Results:

Training Workshop, jointly with Berlin Neutron Imaging School, August 2013
Attended by 30 students (50% supported by the IAEA)

Lectures provided by 10 experts (2 supported by the IAEA)
Hands-on-training practical exercises included

Technical visits organized

Contact: D.Ridikas@iaea.org




Thanks for your attention!
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