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Background

Source: IAEA RRDB, March 2010

America '

South
America

-~

Shutdown/Decommissioned Number: ~234 operational
419

Operational RRs are distributed over 56 countries
Russia ~48,

USA ~41, Africa
China ~15,
Japan ~13,
France ~11, Asia/Pacific
Germany ~10

Americas

Europe (with Russia)
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Key issues and challenges

Source: IAEA RRDB, March 2010

Age: 50% have >40 y

* RR underutilization

» Ageing & needs for refurbishment
* Fuel cycle issues

* Requests for new RRs

0 5 10 15 20 25 30 35 40 45 50 55 60
Years of operation
Steady thermal , e . mber of Age didribution of research reactorsin the RRDB: Number of reactors and
awboweraw  Nurmnber: ~234 operationa feacuors yearsin operation
N Steady thermal po wer
—&—No ofreactors

Utilization: 50 % are underutilized

O Utilisation rate

Fraction of all RRs, %

high, >20FPW/year medium small, <4FPW/year
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Key issues and challenges:

 Over 80% of diagnostic nuclear medical imaging uses radiopharmaceuticals containing technetium-99m
(**mTc), 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
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Key issues and challenges:

Source: IAEA NTR 2010, Annex, in press

Number of reactors

15 20 25 30 35

Years of operation

« Existing RR that are already used by regional Mo producers or for which commissioning is underway
- 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 news from South Africa:

>SAEARI-1 core is entirely LEU
kg HEU since June 2009}

repatriated 309%, ' ~HEUtargetsiconverted to' CEU

to Russian |L_ bl _
Federation by the end of 2010! _

kg HEU | ¢ =
repatriated || ZlA| | v R -

to US A i s
- 'Jt‘

Reactors |[ % i : :
Converted | e - ) S ) .

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

Serbia, Uzbekistan and Vietnam.
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RR related efforts within the IAEA programmes

To address

* RR underutilization

» Ageing and needs for refurbishment
* Fuel cycle issues

» Requests for new RRs

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
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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.

BRRN - Baltic Research Reactor Network, multipurpose, 10MS
EARRC - Eurasian RR Coalition, isotope production, 5Ms
EERRI — Eastern European RR Initiative, multipurpose, 6MS
CRRC - Caribbean RR Coalition, mainly NAA, 3 MS

Strengthen and consolidate the existing 4 RR coalitions
Assist in developing common strategic and business plans
Provide support towards maturation, self-reliance and sustainability

Ensure access to countries without RRs =
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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

Democratic

Republiclof

Corgo
Future:

* regional rather than continental network Zambia
might be the right approach Madagascar

éouthAf rica

B with research reactors | without reseach reactors
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Activity:

Status:
Created in 2008 in Vienna,
supported through RB

AFRICA

Countriqs that border the
Activities: _ Mediterranean Sea

little/no due to absence of regional TC projects

Future:
* Through RER4032 and RAF4022 support will be ensured

* Concept of a new interregional TC project

(£ 1IAEA
\{\QJ
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Activity:

, heutron scattering, 11 MS
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Status: ~Sal
Discussed in 2009, supported through RB ‘
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Activities:
* research and applications
with neutron beams
* ANSTO as an IAEA CC
* existence of AONSA

Future: . i

) i 7 ] T

| AUSTRALIA

* formulation of a new regional TC project
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Activity:

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

Algeria

Argentina

Australia

Bangladesh 2* o

Canada Sps

Egypt ; Bangladesh
France Ghanaj "

Germany

Ghana
Italy % s&
rgentina

1.
2.
£E
4.
5.
6.
7.
8.
CF

Nigeria Africa >
Pakistan
Romania

South Africa .
Syrian Arab Republic Expected output:

USA * report on comparison of experimental and theoretical results
Uzbekistan

\ « recommendations on open issues for future R&D activities involving RRs
\\13 V |A E A * increased cooperation in RR related experiments and modelling 13
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Activity:

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

ﬁrgS?:;;ga €zech Republic.
u i ’ Germany, Ny

Brazil The Netherlands
China France = )

= Switzerland~" Ital r
Czech Republic * H:ncarv \#Japan
France . Republic of Korea
Germany
Hungary Indones}“ f_.’\'!
Indonesia
Italy ~
Japan

Argentina .

Korea i g
The Netherlands

REINERIE]
Russian Federation

Switzerland Expected output:

SEE * Creation of multilateral network in the field of advanced nuclear materials research
¢«’ \ * Creation of an experimental reference database for models and calculations
\\’{\ 1}‘/’ |A E A * Final project publication 14
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Contact: D.Ridikas@iaea.org

1.
2
=i
4.
5z
6.
7.
8.
9:




Activity:

-2 1.4.2.1/11 on Development and Implementation of Routine
Automation in Advanced NAA Laboratories (2012-2015)

-2 1.4.2.1/11 on advanced neutron imaging and tomography
techniques for determination of elemental and phase composition
of material samples and objects (2012-2015)

- 1.4.2.1/04 on the Feasibility of Low-specific-activity, Non-HEU,
Mo-99 Production, Separation and Distribution (2011-2014)

(1)
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Activity:

Country:

Algeria

China

Colombia

Egypt

Greece

Kazakhstan
Libya
Malaysia
Morocco
Peru

South Africa

Europe

Latin America

Title®
Development and Improvement of Experimental and Analysis Techniques for. the Es Salam
Reactor

Residual Stress Measurement using Neutron Diffraction for. Industrial Application
Integral Use and Safety of the Nuclear Reactor TAN-R1

Development of Neutron Irradiation and Beam Line Facilities for Effective Use of the
Research Reactor.

Development of a Regional Neutron Scattering Centre

Introducing High Performance Neutron Activation Analysis for Industrial Needs
Utilizing the Research Reactor:

Capability Building in' Planning for.a High-power Reactor and'its Application
Use of the Lateral Channels of the TRIGA Mk. IT Research Reactor, Phase II1
Modernizing and Improving the Utilization of the RP10 Reactor

Upgrading of the Neutron Beam Line Eacilities of the SAFARI-1 Research Reactor:

Litle®

Enhancing Research Reactor Utilization and Safety

Enhancement of the Sustainability of Research Reactors and Their. Safe Operation Through
Regional Cooperation, Networking and Coalitions

Supporting a Sustainable Increase in the Use of Research Reactors in the Latin American
and Caribbean Region through Networking, Exchange of Experiences, Knowledge

\‘lk \Q/ I A E A Preservation and Training of Human Resources
W7 16

o Contact: D.Ridikas@iaea.org




Activity: New RRs (1)

Last licensed RR

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

2 MW, in core flux 4*10"3 n/(s cm?) | ‘ y F-
Fuel: UZrH, LEU 19% U-235, Coolant: H,0, Moderator: H,0+ZrH

Reflector: graphite, Control: B,C

Support to nuclear power, education & training, basic research

Material research, isotope production, activation analysis, radiography, etc.
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Activity:

1st criticality in May 2010

CARR, China

60 MW, in core flux ~1*1075 n/(s cm?)

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

Replacement for 10MW HWRR (2007) Y LYYV
Multipurpose RR with the main objectives in basic research | =~ %m:&-_
Open to users from universities, governmental laboratories, industry

18
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Activity: New RRs (2)

1st criticality expected in 2010

100 MW, in neutron trap flux ~4.5*101° n/(s cm?)

Fuel: ~90% U-235, Moderator & Reflector: D,O
Replacement for WWR-M (18MW)

Multipurpose RR with the main objectives in basic research
Open to users from universities, governmental laboratories, industry

Contact: D.Ridikas@iaea.org




Activity:

Next licensed sub-critical facility
Jordan Sub-Critical Assembly - JSA, Jordan, expected in 2010

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

Dedicated educational tool for teaching, training and
experimental research

Platform for Students
training & Personne

Water Feed &

S
61
g
=
&l
o]

Storage Tank
Neutron’Source Neutron Source

Storage Flask Driving Channel
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Activity:

RR under construction
JHR, France, expected in 2014

MTR pool, 100 MW, in core flux ~1*10'5 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

21
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Research Reactor
construction
under consideration

PHASE 1

Considerations before a
decision to construct a

Research Reactor
is taken

Ready to commission and
operate the first RR

A - ° DIE A
[ ) L)

»

» [
MILESTONEL MILESTONE2
_Ready to make an Ready to invite bids
informed commitment for the first RR
to a RR programme

PHASE 3

Operation, maintenance
Waste management

Activities to implement

afirstRR
PHASE 2
Preparatory  work for the
constructionofa RR
after a policy decision has
been taken
Project elaboratio 0 Dperatia Deco
Decision adopted Bidding process Commissioning
~ 5 — 10 years
g 0 ep = o]e = z Ol Arapnila Dapore

-



Activity: New RRs (6)
Approach for the 15t RR: similarity to the 1st NPP

Guidelines document (available):

Guidelines and questionnaires for preparation
of country status reports

IAEA Nuclear Energy Series
No. NG-T-3.2

(&)1aea

(£ IAEA
)

Milestones document (in progress):

Milestones in
the Development of a National Infrastructure

for a Research Reactor Programme
IAEA Nuclear Energy Series

£

- Milestones in the
Development of a
National Infrastructure
for Nuclear Power
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Activity:

Preparation of

IAEA-TECDOC-1234

The applications of
research reactors

Repaort of an Advisory Group meeting
held in Vienna, 4-7 Ociober 1999

—vvgy

|/ X

INTERNATIONAL ATOMIC ENERGY AGENCY Z:L\'X Z_.\
A (S

August 2001

Strategic and Business Plans

IAEA-TECDOC-1212

Strategic planning for
research reactors

Guidance for reactor managers

INTERNATIONAL ATOMIC ENERGY AGENCY IJ, i y = ;
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Activity:

Components of a Plan

Facility Status Current Stakeholder
Capabilities Requirements/Needs
What can | do? What should | do?

Production of a strategic plan supports
an increase in utilization by
increasing capabilities and creating
new requirements

(L) IAEA
N\ - £
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From evaluation to self evaluation - Performance Indicators

Research Reactor Performance Variables, Page 1
Draft: 01/07/2010, D. i I org

General RR Data

Enter country name
Enter RR name
Enter RR IAEA code
Enter RR power
i General information
ress
Evolution of personnel
Evolution of Personnel 2009 | 2010 [ 2011
Number of Operating Staff | ] ]
Total Number of Facility Personnel | | |
7 -
o o A) Operation Data
[A100[Total hours/day in operation Research Reactor Performance Variables, Page 2
A200 [Total days/week in operation Draft: 01/07/2010, D.Ridikas @iaea.or

A300 | Total weeks/year in operation
otal hours in operation per year
otal planned hours in operation per year

General RR Data

AR

Enter country name

T e 7 Enter RR name -
A Neutron flux monitoring/depth-profiling operation hours B O t R It
|A2 In-Core irradiation (rigs, loops, etc.) operation hours E"E‘:':::i::E:;::e ) pe ra l o n es u s
A Pool-side irradiation operation hours Iter RR power
A4 [Pneumatic irradiation operation hours Year
|A5__|Material irradiation hours 2000 2010
Al Radioisotope production operation hours
A leutron scattering operation hours
A leutron radiography operation hours D3__|RR strategic plan update (yes=1, no=0) C) S h td d M D t
A leutron activation analysis operation hours D Pubication of annual progress report )es=1, no=0) u own a n al n e n a n ce a a
A TD of Si irradiation operation hours D lumber of internal publications (technical notes)
A Gemstones irradiation operation hours D lumber of publications in peer reviewed journals
A Students training/experiments operation hours D7 lumber of facility periodic safety inspections
A Operators training operation hours lumber of regulatory-lisencing inspections
i i F D9 [Number of issued LA's restrictive resolutions .
B o e e — Quality and Safety Control
D11_|Number of non conformity in terms of documentation

lumber on non conformity in terms of safety critical systems
umber of issued inspection recommendations
umber of inspection recommendations implemented
umber of RR staff re-/certified

16 _|Number of reportable events to licensing authority E)

Results 2009
Neutron flux monitoring/depth-profiling, number of experiments

12(2I2]

Radioactive Dose Records

dioactive Dose Records (in mSv) 2009
Collective radioactive dose to operating staff
Average dose per staff member

| Average dose per facility personnel member

B F) Radioactive Discharge Records

Radioactive Discharge Records 2009
1__[Noble gas (Ar-41) released to atmosphere (GBt
F2__|lodine isotopes released to atmosphere (GB:

. -MR G) Financial Records

Number of external users

|C) Shutdown and Maintenance Data 2009 F5__|Liquid effiuent discharged from laboratories (m3)

€1 |Number of scheduled shutdowns F6__|Radioactivity of lab discharged effluent (MB:

|C2 _[Scheduled shutdown hours F7__|Solid radioactive waste generated, minus spent fuel (m3)
C. Number of unscheduled shutdowns F Spent fuel removed from reactor (k
C4__|Unscheduled shutdown hours E! Fresh fuel inventory (ks

C. lumber of work permits issued

Cf umber of preventative maintenance events
umber of failures detected during preventive maintenance G) Financial Records ($US) 2009

umber of corrective maintenance events Total annual budget
Operation hours lost due to corrective maintenance G2_|Operational costs including salaries
Operational costs excluding salaries
Revenue generated from NAA
Revenue generated from RI production
Revenue generated from other irradiation services

Your feedback would be
\y”’ \T\i, IAEA e e g highly appreciated!

Total fiscal year generated revenue
Support received from IAEA

26
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The IAEA RRDB: since April 2010 on-line updates

by designated RR managers are possible!

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

Go
e/

| v lg, http:ffrrsf-dev.iaea.org/RR fHeaderInfo.aspx?RId=8

{= Reactor Data - RRDB - IAEA - Microsoft Internet Explorer provided by IAEA
[— 6:_;: v [E http:jjrrsf-dev.iaea.org/SF{ReactorData. aspx?RId=8

File Edit View Favorites Tools Help

w {gHeader Information - RRDB - IAEA

File Edit View Favorites Tools Help

\ Q —
-\ w [@Reactor Data - RRDB - IAEA [
Reseaych Reactors ¢ IAEA,
Homg Reports Administrator | Research Reactors ( lAEé_‘WW’
Reactor l Fuel Cycle Data Providers ;
Home Reports Admmustrator Nucleus
Reactor IAEA Code Workflow Status Current | Updated ! Search Rjl Reactor Data Prov-ders
TRIGA II VIENNA AT0002 FDP Update needed 4
Reactor O Workflow Status Start Data Update )
Search Reactors
TRIGA II VIENNA AT0002 Data Up to Date 4
| Header Information I General Information | Technical Data | Experimental Facilities | Utilization | Decommissioningl
_I Reactor data I Fuel Data | Fuel & Inventory ‘ Storage ‘ Concerns | Management ‘ Contacts I
Country Name * Facility Name * / Number * a
stria l'T & ENN l/[ Country Information provided on
Austria 2006-03-25 (yyyy-mm-dd)
Status Storage site away from reactor Power level (KW)
Status * : 250.0000
S Status
Status Comment: OPERATIONAL
= Status Comments
status comgynt
Bacal Synthents
Category URL
(=e) = ® " - A\ ¥ .}l Comments
Info Date * Geographical Locatiog
( -MM-DD) Latitude; [:] .
o s "
(GRuce: T I,
GTRI
Do you agree to share information with GTRI?
Submit
Save

Copyright 2009 International Atomic Energy Agency. All rights reserved | RRDB Feedback

http://nucleus.iaea.org/RRDB =

Contact: D.Ridikas@iaea.org
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RRDB of operational RRs World Wide:
in support of RR coalitions!

*Operational RRDB

Geographical Distribution Reactor Catego Reactor Utilisation Foreword (Home
Foreword (Home) grep gory ( )

Summary Graphs Editorial Note

Geographical Reactor Category: Reactor Utilisation:
Distribution:
Reactor by Status: Utilisation Rate:
All Reactors - Operational - High Utilisation
Africa - Temporary Shutdown - Medium Utilisation
Americas - Under Construction / Planned - Low Utilisation
Asia / Pacific Reactor by Power: Isotope Production
Europe - Power < 1kW - All Isctopes

Russia -1 kW < Power < 1MW Neutron Scattering
USA - Power = 1MW m Neutron Radiography
Reactor by Flux: m Material/fuel Irradiation

- High Flux m Transmutation:
- Medium Flux - Silicon Doping
- Low Flux - Gemstone Coloration
Reactor by Age: Teaching/Training
- Less than 40years NAA
- Over 40years Geochronology
BNCT
Nuclear Data Provision
Other Applications

RRDB of operational RRs is available at:
http://lwww-naweb.iaea.org/napc/physics/research reactors/

or USB Memory Stick, <10MB, no internet is needed! 28
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RRDB of operational RRs World Wide:
in support of RR coalitions!

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

Thermal
Reactor | Thermal 1 Fast Flux, | criticality
Country Power, Flux, 2
Type kW n/cmz/s n/cm*/s Date

1 Algeria ES-SALAM iz as 15000 2.1E14 4.2E12 1992-02-17
WATER

Algeria NUR POOL 1000 5.9E12 4.0E12 1989-03-24

3 Australia OPAL POOL 20000 3.0E14 2.1E14 2006-08-12

TRIGA

4 Austria TRIGA II VIENNA MARK 11 250 1.0E13 1.7E13 1962-03-07
This database contains 44 research reactors performing Neutron Scaterring distributed over3 5 gangladesh  TRIGA MARK 1T MZ:(G: 3000 7.5613 3.8E13  1986-09-14
6 Brazil IEA-R1 POOL 5000 4.6E13 1.3E14 1957-09-16
7 Canada b MCMAi-,:Els POOL 3000 1.0E14 4.0E13 1555-04-04
utilization
8 Canada NRU GI=3A7 135000 4.0E14 4.5E13 ol
WATER Tem: Hours per Day 24
] Chile RECH-1 POOL 5000 7.0E13 50513 1974 |pavs per Week 7
10 Reizeb::i: LVR-15 REZ xx: 10000 1.5E14 s.0e14 1957 Weeks per Year 21
. MW Days per Year 2160
11 France HFR 58300 1.5E15 1971 .
WATER Materials/fuel test NO
12 France ORPHEE POOL 14000 3.0E14 30614 1930-  €Xperiments
13 Germany BER-II POOL 10000 2.0E14 14e13 1973 Isotope Production 99Mo. 1311.192Ir, 32P
14 Germany FRG-1 POOL 5000 1.4E14 4.5613  1958- |® Total Activity (GBa) 33741
15 Germany FRM II POOL 20000 8.0E14 s.0ei4 2004 Neutron Scattering HRPD. NRF. HRSANS. FCD/TD, SANS. PD
16 Greece DEMO(T;RRI;OIS) POOL 5000 1.0E14 4.5E13 _1r961' ¢ On-line beam hours 2100
: emz -
Neutron Radiography  On-line beam hours: N/A
NUCL.
TANK
17 Hungary ~BUDAPEST RES. s 10000 2.5E14 1014 1353 Neutron capture NO
therapy
. . .
RRDB of operational RRs is available at: Activation Analysis  [1AA
® number of samples iradistsd 300
. .
. z
:/lwww-naweb.iaea.or sics/research Transmutation N
Geochronology NO
Teaching Number of students: N/A
Training Number of operators/experimenters trained: 13
Other Uses NO

AS)
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IAEA o ¢

International Atomic Energy Agency

Promoting Safeguards
& Verification

Promoting Safety &
Security

Promoting Science &
Technology

—
=

Publications Data Centre

New A tre

peaceful uses of nuc
technology. Its key r
international pe

the World's Mi
economic a
development.

Three main pillars - or areas of work - e

Safeguards & Verification

The IAEA is the world) /\
decades of verificatio (
safeguarded nu

military purposes. The
Irag as mandated by t

ctorate, with more than four
Inspectors work to verify that
3 2 # activities are not used for

Ill fn responsible for the nuclear file in
cil. More =

Safety and S

e untries to upgrade nuclear safety and security,
re for and respond to emergencies. Work is keyed to
internatio conventions, standards and expert guidance. The
main aim is to protect people and the environment from harmful radiation
exposure.

The IAEA helps countries mobilize peaceful applications of nuclear

science and technology. The work contributes to goals of

sustainable development in fields of energy, envircnment, health,
and agriculture, among others, and to cooperation in key areas of nuclear

://lwww.iaea.or

Search this site Go

* Programmatic Web
Sites

Safeguards

Nuclear Science &
Applications

Seibersdorf & Vienna

Knowledge
Management

International Centre
for Theoretical
Physics (ICTP),
Trieste, Italy

Programme Areas

Direct Links to IAEA's Departmental Websites:

home.html

http://www-ns.iaea.org/tech-areas/research-reactor-safety/
http://www-naweb.iaea.org/napc/physics/research reactors/index.html
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International Conference on

Research
Reactors:

i Safe Management
> - and Effective Utilization

Five main topics to be addressed:

1. Utilization & Applications of RRs
2. Operation & Maintenance
New RR Projects

Safety of RRs

Spent Fuel Management, Waste &
Decommissioning

Jointly by NAPC, NEFW, NSNI and TC

Thank you for your attention!

31
Contact: D.Ridikas@iaea.org




