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Background

North
America '

South
America

Source: IAEA RRDB, March 2010

Nurnber: ~234 operational

Operational RRs are distributed over 56 countries
Russia ~44

USA ~41 Africa 9
China ~16 :

Japan ~13 Americas 66
France ~11 Asia/Pacific 59
Germany ~10 Europe (with Russia) 100
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Key issues and challenges

Source: IAEA RRDB, March 2010

Humber of

reactors Age: 50% have >40 y
 RR underutilization
* Ageing & needs for refurbishment
» Fuel cycle and safety issues
* Requests for new RRs
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Key issues and challenges: supply of M0-99

« Over 80% of diagnostic nuclear medical imaging uses radiopharmaceuticals containing technetium-99m
(**™Tc), entailing over 30 million investigations per year

* Over 95% of the **Mo required for °™Tc generators is produced by the fission of uranium-235 targets in

nuclear research reactors
Source: IAEA NTR 2010, Annex, in press
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Key issues and challenges:

Source: IAEA NTR 2010, Annex, in press
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Years of operation

« Existing RR that are already used by regional ®®Mo producers or for which commissioning is underway
Il : Existing RR which are now studying the feasibility of providing irradiation services.
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Key issues and challenges: reduction of HEU

* Reduction of HEU through the Global Threat Reduction Initiative (GTRI)
- 67 RR cores converted to LEU, 27 RR are expected/ongoing

- Spent and fresh fuel take back programmes

Latest nhews from South Africa:

kg HEUT1 ->SAFARI-1 core is entirely
repatriated |[° | LEU since last year!

to Russian | , ,

Federation |

kg HEU [(&
repatriated
toU

Reactors [[
Converted |t

Other countries, where HEU is being removed:
Bulgaria, Czech Republic, Germany, Hungary, Kazakhstan, Latvia, Libya, Poland, Romania,

¢ \
(&)
\{\Q Lly I A E A Serbia, Uzbekistan and Vietnam.
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RR related efforts within the IAEA programmes

-> Cross cutting activities on RRs: NA, NE, NS, TC, ...

To address

* RR underutilization

« Ageing and needs for refurbishment
* Fuel cycle and safety issues

* Requests for new RRs
Major Programme D: Nuclear Science ...

Sub-programme D2:
Research Reactors (RR)

Project D2.01: Project D2.02: Project D2.03: Project D2.04:
Enhancement of utilization RR infrastructure, planning § Addressing RR fuel cycle Research Reactor
& applications of RRs & innovation issues operation
. Activity 1
. Activity 2
. Activity 3
¢ AL
(S ) 1AEA 8
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Project (D2.01) - Enhancement of RR utilization and applications

List of major activities:

RR coalitions & networks
X Research Reactor Data Base (RRDB)
. Coordinated Research Projects

. Technical Meetings (TM), Consultancy Meetings (CM), Schools

. International RR Conference, Workshops
. Support of national & regional TC projects
. Publications, technical reports, brochures

More information:
http://www-naweb.laea.org/napc/physics/research reactors/

(<)
R AyIAEA :
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http://www-naweb.iaea.org/napc/physics/research_reactors/index.html
http://www-naweb.iaea.org/napc/physics/research_reactors/index.html

Activity:

enhanced utilisation and sustainability through regional grouped entities,
provision of new products & services, access for countries without RRs, ...

“facilitator” & “catalyst’- generate and coordinate ideas/proposals/ventures,
provide initial support (meetings, training, studies/analyses, etc.)

-

e,

BRRN.—“ - N

EERRI  EARRC

| &
BRRN - Baltic Research Reactor Network, multipurpose, 1OMS CRREC #
EARRC - Eurasian RR Coalition, isotope production, 5Ms
EERRI — Eastern European RR Initiative, multipurpose, 6MS
CRRC - Caribbean RR Coalition, mainly NAA, 3 MS

* Assist in developing common strategic and business plans
* Provide support towards maturation, self-reliance and sustainability

\/{\Q@y IAEA° Ensureaccess to countries without RRs .

Contact: D.Ridikas@iaea.org



Activity: Networks and Coalitions (2)

ARRN — African RR Network, NAA and Education & Training, 16 MS

Status:
Initiated in 2009 and supported through RAF4022

Activities:
* RR safety related issues
* Proficiency tests in NAA and other techniques
* Education and training

Future:
* regional rather than continental network Zambia
mlght be the right approach Madagascar

Qnuthﬂf K ca

B with research reactors | without reseach reactors
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Activity: Networks and Coalitions (3)

MRRUN — Mediterranean RR Users’ Network, multipurpose, 6 MS

Status:
Created in 2008 in Vienna,
supported through RB

. 5 - . —\/-
we Mediterranean Sea  teween—

AFRICA \ s
\ Ubra ! (e
Countries that border the 300 mi \ P
ACtiVitieS' : Mediterranean Sea 300 km Egypt e

little/no due to absence of regional TC projects

Future:
* Through RER4032 and RAF4022 support will be ensured
* New meeting is planned in July 2010 in France, 20 MS are expected
* Formulation of a new interregional (?) TC project
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Activity: Networks and Coalitions (4)

APRRN — Asia-Pacific RR Network, neutron scattering, 11 MS

Status:
Discussed in 2009, supported through RB

Activities:
* research and applications
with neutron beams
* ANSTO as an IAEA CC
 existence of AONSA

Future: .
« 2"d meeting is planned in October (Korea) -

/| AUST RALIA
* formulation of a new regional TC project

(5
iy IAEA -

Contact: D.Ridikas@iaea.org



Activity: Coordinated Research Projects (1)

Closed CRP 1314 (2006-2009):
o= Pevelopmentandapplication eithe technigues eiiresidualstressimeasurementsinimaterials

Objectives:

—> characterization, tests and development of materials

- development of new instruments & upgrade of existing facilities

— advanced analysis of material stresses — links to industrial partners

- harmonisation and standardization procedures e.g. round robin experiment
» 5 Research Contracts + 4 Research Agreements jies

1. Czech Republic
s Germany
== Hungary
4, India
5. The Netherlands o L
6. Pakistan 1 Saulh 'més.'_'.-'
7. Romania | J
8. Russian Federation L 3
9. South Africa
Main achievements/outlook:
- Creation of network on reS|duaI stress
- Transfer of know-how from RA holders to RC (developed - developing)
— - Round Robin experiments are ongoing (+USA, +Australia, +UK)
4 \ - Project report for Technical Report Series is in preparation
(L) 1AEA = : prep ;
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Activity: Coordinated Research Projects (2)

Active CRP. 1496 (2008-2011), jointly. coordinated and supported by NA, NE and NS:

* |pnoyvative methods in RR Analysis: Benchmark against Experimental Data on Neutronics and
ThermalhydrauliciComputatienal IVIEtnodS & I00ISHOFOREANONI S SAlE i/ ANAlYSISTOIFRIRS
Objectives:
» encourage cooperation and exchange of information in the area of RR related numerical analysis
» facilitate and support RR design, operation, and safety
» benchmark against experimental data existing neutronics and thermalhydraulic
computational methods and tools that are routinely utilized for operation and
safety analysis of RRs
8 Research Contracts + 7 Research Agreements + 2 Observers

Argentina
Australia

Bangladesh G W Francr" -
Canada Syriay

Egypt Bar:'glidosh
France Ghanaj f"
Germany

Ghana

Nigeria

10. Pakistan

11. Romania

12.  South Africa

13.  Syrian Arab Republic

14. USA Expected output:
15.  Uzbekistan * report on comparison of experimental and theoretical results

 data base of RR characteristics, experiments and data used for benchmarks
« recommendations on open issues for future R&D activities involving RRs

4 N\

¢ Y
\\i\g 1}/’ I A E A « increased cooperation in RR related experiments and modelling 15
= Contact: D.Ridikas@iaea.org
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Activity: Coordinated Research Projects (3)

Active new. CRP 1575 (2009-201.2):

* Development, Characterization and Testing of Materials of Relevance to Nuclear Energy
Sector Using Neutron Beams (SANS, diffraction and neutron radiography)

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

- 8 Research Contracts + 9 Research Agreements (with Australia in final approval stage)

Argentina Czech Republic _

Australia Germany -

Bra_Z” ’ The Netherlands

China France 8 e
w Switzerland |t3]-|||-| Remania

Czech Republic My ‘,{J_Iapan
France Republic of Korea
Germany

Hungary

Indonesia

10. ltaly

11. Japan

12. Korea

13. The Netherlands
14. Romania

15. Russian Federation

16.  Switzerland Expected output:
L—USA - Materials characterized, experimental/modelling methods optimized
\‘ly’ @\\» « Creation of multilateral network in the field of advanced nuclear materials research
\{\Q Ay | A E A * Creation of an experimental reference database for models and calculations 5
=7 e * Final project publication Contact: D.Ridikas@iaea.org
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Activity: Technical Cooperation Projects (1)

In addition to the “usual” support through the TC projects (16),
assistancenniplanningiandibuildingithesdSiRR

Country. Title Year Started
Algeria 3:\alstlg:-)ment and Improvement of Experimental and Analysis Techniques for. the Es Salam 2005
Azerbaijan Conductinga Eeasibility' Study for' Planningland EstablishingrafResearchrReactor: 2009
China Residual Stress Measurement using Neutron Diffraction for Industrial Application 2007
Egypt 3eve|opment of Neutron Irradiation and Beam Line Facilities for Effective Use of the 2005
esearch Reactor
Jordan Establishing a/Research Reactor: 2009
Kazakhstan Introducing High Performance Neutron Activation Analysis for Industrial Needs 2009
Libya Utilizing the Research Reactor 2009
Malaysia Capability Building in Planning for a High-power Reactor and'its Application 2009
Morocco Use of the Lateral Channels of the TRIGA Mk. IT Research Reactor, Phase III 2007
Peru Modernizing and Improving the Utilization of the RP10 Reactor 2009
South Africa Upgrading of the Neutron Beam Line Facilities of the SAFARI-1 Research Reactor 2007
Sudan SudanNuclear Research Reactor'Project 2010
Region Title Year Started
Africa Enhancing Research Reactor Utilization and Safety 2009
GCC Developing a Regional Nucleariraining CentreforrCapacity;Building and Research 2009
Europe Enhancement of the Sustainability of Research Reactors and Their Safe Operation Through 2009

Regional Cooperation, Networking and Coalitions

Supporting a Sustainable Increase in the Use of Research Reactors in the Latin American
Latin America and Caribbean Region through Networking, Exchange of Experiences, Knowledge 2009
Preservation and Training of Human Resources

(5
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N ew R RS (1) Azerbaijan, Jordan, GCC and Sudan

Activity:
. Building a RR: phases

MILESTONE 1 MILESTONE 2 _ MILESTONE 3

Research Reactor Readyto make an Readyto invite bids Ready to commission and

construction informed commitment for the first RR operate the first RR
under consideration to a RR programme

PHASE 3 Operation, maintenance

Waste management

Activities to implement
afirst RR

PHASE 2

Preparatory - work for the
constructionofa RR
after a policy decision has

been taken
PHASE 1

Considerations before a
decision to construct a

Research Reactor
is taken

Feasibility study

lOperation / Decommissioning

Project elaboration l Construction

Decision adopted

Bidding process

Commissioning

¢ ALY
\/ vV
¢ dyIAEA 5
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Activity: New RRs (2)
Approach for the 15t RR: similarity to NPP

Guidelines document (available):

Guidelines and questionnaires for preparation

of country status reports

Technical
Reports

IAEA Nuclear Energy Series
No. NG-T-3.2

Evaluation

of the Status

of National Nuclear
Infrastructure
Development

Azerbaijan, Jordan, GCC and Sudan

Milestones document (in progress):

Milestones in
the Development of a National Infrastructure
for a Research Reactor Programme

IAEA Nuclear Energy Series
" No. NG-6-3.1

Milestones in the
Development of a
National Infrastructure
for Nuclear Power

19
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Activity:
Preparation of Strategic and Business Plans

IAEA-TECDOC-1234 IAEA-TECDOC-1212

The applications of
research reactors Strategic planning for
research reactors

Repart of an Advisory Group mesting
held in Vienna, 4-7 Ociober 1999

Guidance for reactor managers

PN

~
INTERNATIONAL ATOMIC ENERGY AGENCY ”z’u JN
a3 L9
INTERNATIONAL ATOMIC ENERGY AGENCY

August 2001
April 2001

¢ ALY
w@y IAEA B
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Activity: New RRs (4)
Recently licensed RR

TRIGA Mark ll, Morocco; 2007 support through national and regional TC

e 2MW,in core flux 4*10%3 n/(s cm?)
* Fuel: UZrH, LEU 19% U-235, Coolant: H,O, Moderator: H,0+ZrH
* Reflector: graphite, Control: B,C

e Support to nuclear power, education & training, basic research
* Material research, isotope production, activation analysis, radiography, etc.

Mise en service du Réacteur

de Recherche Nucléaire du CNESTEN

\{l\ JIAEA 5 Nl o v 21
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Activity: New RRs (5)
Last licensed RR

CARR, China, 1st criticality on 13 May 2010 support through national TC

60 MW, in core flux ~1*10%° n/(s cm?)

* Fuel: 19% U-235, Moderator: H,O, Reflector: D,0O

* Replacement for 10MW HWRR (2007)

* Multipurpose RR with the main objectives in basic research

* Open to users from universities, governmental laboratories, industry

22
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Activity: New RRs (6)

Next licensed sub-critical facility

Jordan Sub-Critical Assembly - JSA, Jordan, expected in 2010
support through national TC

Zero power (k.4=0.94), light water moderated
Fuel: PWR-structure pattern fuel rods, UO,, 3.4% U-235

Dedicated educational tool for teaching, training and
experimental research

In support of the future multipurpose RR (~=5MW)

Platform for Students
training & Personne

Storage Tank

Neutron’Source Neutron Source
Storage Flask Driving Channel

Contact: D.Ridikas@iaea.org



Activity: New RRs (7)
RR under construction
JHR, France, operation expected in 2014

MTR pool, 100 MW, in core flux ~1*10%® n/(s cm?)
Fuel: Ref. UMo LEU, Backup: U;Si, 27 % U-235

In support of future nuclear power, Gen3+ & Gen4
Dedicated for material/fuel irradiation and testing
Other applications envisaged (isotope production)
International consortium

24
Contact: D.Ridikas@iaea.org




The IAEA RRDB: since April on-line updates by
designated RR managers are possible!

{= Header Information - RRDB - IAEA - Microsoft Internet Explorer provided by IAEA

@.\-J:. - |§, http:ffrrsf-dev.iaea, org/RR/HeaderInfo, aspx?RId=8

File Edit ‘Wiew Favortes Tools  Help {= Reactor Data - RRDB - IAEA - Microsoft Internet Explorer provided by IAEA

(=1 http:)frrsf-dev.iaea.orgfSFiReactorData, aspx?RId=8
5:? ahe I@Header Information - RRDE - IAEA l ®\-J ‘@, pill wisF P

- - . File Edt Wiew Favorites Tools  Help
* .' ' W R [,éReactor Diata - RRDB - T4EA
Research Reactors p - A

Homg Reports Administrator

Reactor | Fuel Cycle Data Providers

Nucleus

Reactor IAEA Code Workflow Status Current | Updated P! Search “I Reactor Fuel Cycle Data Providers

TRIGA II VIENNA  ATO0O002 FDP Update needed

Reactor Workflow Status Start Data Update

Search Reactors

TRIGA II VIENNA ATDDBZ Data Up to Date 4

| Header Information | General Information = Technical Data = Experimental Facilities | Utilization Decummissiuningl
_I Reactor data | Fuel Data | Fuel & Inventory Storage Concerns = Management = Contacts I
Country Name * Facility Name * / Number * |
L([ Country Information provided on

Austria 2006-03-25 (yyyy-mm-dd)
Status Storage site away from reactor Power level (KW)
Status * : 250.0000

Status
Status Comment: OFERATIONAL

Status Comments

status comment

General Comments
Category URL

| M Comments
Info Date * Geographical Location
- f "
ronrm-oe) Latitude: I .y
o . "
Longitude: T 1T,
GTRI
Do vou agree to share information with GTRI?
Save

\ Contact: E. Bradley or D. Ridikas

V I E E ﬁ Copyright 2009 Internaticnal Atomic Energy Agency. All rights reserved | RRDE Feedback

25
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RRDB of operational RRs World Wide:
In support of RR coalitions!

* Operational RRDB

Foreword (Home)

Geographical Distribution

Geographical
Distribution:

All Reactors

Azia / Pacific

Reactor Category Reactor Utilisation

Summary Graphs

Reactor Category:

Reactor by Status:

- Dperational

- Temporary Shutdown
- Under Construction / Planned
Reactor by Power:

- Power < 1kW
-1 kW < Power < 1MW
= Power = 1MW
Reactor by Flux:

- High Flux

- Medium Flux

- Low Flux

Reactor by Age:

- Lezs than 40vears

- Owver 40vears

Editorial Mote

Reactor Utilisation:

Utilization Rate:

- High Utilisation

- Medium Utilisation

- Low Utilization
Isotope Production

- All Isotopes

Meutron Scattering
Meutron Radicgraphy
Material/fuel Irradiation

m Transmutation:

- Silicon Doping

- Gemstone Coloration
Teaching/Training
MAA

Geochronology

BNCT

Muclear Diata Provision
Other &pplications

Foreword (Home)

RRDB of operational RRs is available at:
http://www-naweb.iaea.org/napc/physics/research reactors/
or USB Memory Stick, <10MB, no internet is needed! 26
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http://www-naweb.iaea.org/napc/physics/research_reactors/
http://www-naweb.iaea.org/napc/physics/research_reactors/
http://www-naweb.iaea.org/napc/physics/research_reactors/

RRDB of operational RRs World Wide:

Neutron Scattering Facilities - "Click here for details”

Neutron Scattering Facilities

Thermal
Reactor | 'hermal Gemal | Fast Flux, | criticality
Country Power, Flux, )
Type KW njemifs | Memi/s Date

1 Algeria E AM 15000 2.1E14 4.2E12
- WATER

NUR POOL 1000 5.9E12 4.0E12

POCL

Austria

This database contains 44 research reactors performing Neutron Scaterring distributed over 3 Bangladesh RIGA MARK - 3000 7.5E13 3.8E13 09-14|

Brazil A-R. POOL 5000 4.6E13 1957-09-16

Canada ’ POOL 3000 1.0E14 1959-04-04|

— utilization
Canada : 35000 4.0E14 -
WATER Hours per Day

le POOCL 5000 7.0E13 1574- Days per Week

10000 1.5E14 1357- Weeks per Year

In support of RR coalitions!

44 RRs employ neutron beams; they are distributed over 30 MSs

MW Days per Year

1971-
Materials /fuel test
1520. eXperiments

France 3 . 0 1.5E15
/

France o POOL 14000 3.0E14
Germany POOL 10000 2.0E14 Isotope Production
many POOL 0 1.4E14 ® Total Activity (GBg)
Germany FRM 11 FOOL 20000 8.0E14 Neutron Scattering HRPD, MRF, HRSANS, FCD/TD, SANS. PD

1961- | @ On-line beam hours 2100

Greece ’ POCL 5000 1.0E14
- Teme

Neutron Radiography

Hungary —BUDAP 10000 2 1.0e14 1353 |Neutron capture

therapy

RRDB of operational RRs is available at:
http://www-naweb.iaea.org/napc/physics/research reactors/ e
or USB Memory Stick, <10MB, no internet is needed! renching

# number of samples imadiated

Teaching

Training

V‘/, \Qv Other Uses

gEeed)
B lIAEA

Activation Analysis

On-line beam hours
MO

IMAA

300

NO

NO

Mumb

MNumbe

MO

27
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http://www-naweb.iaea.org/napc/physics/research_reactors/
http://www-naweb.iaea.org/napc/physics/research_reactors/
http://www-naweb.iaea.org/napc/physics/research_reactors/

Meetings, Workshops and Conferences (2010 -)

2010 AEASIECHRICAINVIEENNGS

Q4 IAEA, Vienna Research Reactor Applications for Materials in the Energy Sector

June 28 - 2 July IAEA, Vienna Commercial Products and Services of Research Reactors

Assessment of Core Structural Materials and Surveillance Programme

June 14 - 18 IAEA, Vienna
/ of Research Reactors

200k INEN RR Corlfairairies

InteErnational EoNTERENCErRNTRESEANCHTREACTOISH SalelVianagementsand rEfective ULl Isati 61}
Rab Al VIGHO CCOs oM A0 BINOVEMPE 244!

More information on RR utilization and applications related events:
http://www-naweb.iaea.org/napc/physics/research reactors/

(5
iy IAEA N
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http://www-ns.iaea.org/tech-areas/research-reactor-safety/
http://www-ns.iaea.org/tech-areas/research-reactor-safety/
http://www-ns.iaea.org/tech-areas/research-reactor-safety/
http://www-ns.iaea.org/tech-areas/research-reactor-safety/
http://www-ns.iaea.org/tech-areas/research-reactor-safety/
http://www-ns.iaea.org/tech-areas/research-reactor-safety/
http://www-naweb.iaea.org/napc/physics/research_reactors/index.html
http://www-naweb.iaea.org/napc/physics/research_reactors/index.html
http://www-naweb.iaea.org/napc/physics/research_reactors/index.html

Overall objectives of this TM are:

* Promotion and development of commercial applications of RRs

* Enhancement of RR utilization in Member States for practical
applications

 Strengthened regional and international cooperation between RR from
developing and developed countries with special emphasis on the
transfer of knowledge and good practices

- Preparation of the IAEA publication

(5
iy IAEA N
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Specific objective of this TM Is

To assess the status and future potential for commercial applications of RRs in
the following areas:

Nuclear education and training
Production of medical and industrial radioisotopes

Irradiation services for neutron transmutation doping (NTD) of Si, gem coloration, tests of
electronic devices, food and goods sterilization, etc.

Analytical techniques such as instrumental neutron activation analysis (INAA), prompt gamma
neutron activation analysis (PGNAA), delayed neutron activation analysis (DNAA), fission track
dating, etc., with emphasis on complementary services when compared to non RR based
methods

Neutron beam techniques such as neutron imaging, small angle neutron scattering (SANS),
neutron diffraction, etc.

Support of R&D relevant to present nuclear power reactors (e.g., ageing management,
development and qualification of new fuels, etc.)

Support of R&D relevant to future advanced nuclear systems, both fission and fusion reactors
(e.g., development and qualification of fuel and structure materials, reactor design and
licensing, validation of modelling tools, nuclear data provision, etc.)

Other potentially revenue generating applications

v V
V@”AEA Thank you for your attention! 3

Contact: D.Ridikas@iaea.org



