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Research Reactors: organization within the IAEA

*http://www-naweb.iaea.org/napc/physics/research_reactors/ *http://lwww-ns.iaea.org/tech-areas/research-reactor-safety/
Physics Section

Office of the Director
General

Department of
Nuclear Energy

Division of
Nuclear Fuel Cycle
and Waste
Technology
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International Topical Meeting on

Major Activities within Physics Section Nuclear Research Applications

and Utilization of Accelerators

Assistance and support of Member States in the field of

1. Accelerators

Research Reactors

Controlled Fusion

Nuclear Instrumentation

Cross-cutting Material Research

Based on Member States needs, requests & recommendations

 Planning & implementation of P&B activities International Conference on

- : 11—160ctober2010 & : ReSGarCh
Proposal and implementation of CRPs Dackeon s NS 3 Deactir®

Management of Data Bases : P Safe Management
s > " and Effective Utilization

Organization of Conferences, Technical & Consultancy Meetings

Organization of ICTP workshops, training schools and courses

Support of TC projects

Promotion of Nuclear Sciences, Applications and Technologies

{(4) 1IAEA
)
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Introduction

Nuclear Reactor
Control Rod

Main Components of Research Reactor

FUEL Natural Uranium / Enriched Uranium
FORM Metal, Alloy, Oxide, Silicide
CLAD Aluminium, Zirconium, SS

g
o
S
=
o
—
fm
Q
=
=

MODERATOR H20, D20, Graphite, Beryllium

CONTROL Boron, Cadmium, Nickel

Cooling Tower

COOLANT Water, Gas, Sodium, PbBi

VESSEL to contain all components

Basic Nuclear Physics

Interaction of neutrons with matter (fission, capture, scattering)
Criticality, role of delayed neutrons, radiocative decay

Basics of thermohydraulics :

Contact: D.Ridikas@iaea.org




Introduction

Other general information: features

Typically, RR cores have small volume
Many have powers less than 5 MW(t)
Higher enrichments than power reactors
Natural and forced cooling

Pulsing capability

6
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Background

Some historical facts

USA, Dec. 1942: Chicago Pile (CP1), E. Fermi
* Objective: neutron source for Pu production

Russia, Dec. 1946, F-1, |I. Kurchatov
* Objective: excess neutrons for Pu production

Canada, Jul. 1947, Chalk River Laboratories
* NRX- National Research Experiment
* Reached 20MW(t) in 1949
* Used for basic research
* Contributed to nuclear x-section data

Contact: D.Ridikas@iaea.org




Background

Some historical facts (continued)

Obninsk, Russia, 1954 APS-1: Institute of Physics and Power Engineering
* First reactor to generate appreciable electric power, 5 MW(e)
* Start of nuclear energy...

. S ‘
i,
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Background

« If any species do not become modified and improved in a corresponding degree with its
competitors, it will soon be exterminated » Charles Darwin. The origin of species, 1859

SCWR MSR
Propuls. RNR RNR

RBMK
(modérateur i . J
graphite et R ' ADS/ RSF
- caloporteur eau) e (Réact.a, | (Sels
"N 3 ] ‘ ~ fondus)

X + traitement

Réacteurs du combustible
Réacteurs au e“ﬁﬂchi :
des réacteurs a modérateur +UTS
graphite /

0 Réacteurs
du concept ‘ a eau lourde

9
Contact: D.Ridikas@iaea.org




Background

Status of RR as of today (IAEA RR Data Base): type of RRs

Huge variety, no easy categorization, 26 different types

Manufacturer types: Slowpoke, MNSR, Argonaut, TRIGA, IRT, WWR
Coolant/moderator: heavy water, pool, light water, liquid metal, organic
Fuel: plate, TRIGA, rods, homogeneous

Purpose: critical assembly, research, test, training, prototype

CRIMCALASSEMBLY PROTOTYPE REACTOR

o {
TRAINING

Research reactors in operation: Categories & number of facilities

10
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Background

North

America '

Operational

Temp. shutdown

Under construction

Planned
Shutdown/Decommissioned 424
Cancelled

Unverified

Operational RRs are distributed over 56 countries

Russia 47
USA 39
China )
Japan 13
France 10

Source: IAEA RRDB, January 2012

Nurnber: ~231 operational

Region

Operational RRs

Africa

8

Americas

64

Asia-Pacific

53

Europe (with Russia)

11
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IAEA Research Reactor DataBase (RRDB)
http://nucleus.iaea.org/RRDB/

Research Reactors "‘- \ g €

By Category By Utilisation Summary Reports

Home By Location

Includes:

D Add New Reactor

- - - Location Reactor Name Standard Filte
. DEtaHEd Informatlon Countries I% Generate Report
S [C] algeria [ reactoronl
= Reactor Status = IR e CU Lot R
Of 680 faC“ltleS E Argentina HE ] OPERATIONAL [C] Fuelioniy
= = [ Australia — [C| TEMPORARY SHUTDOWN
Operatlonal Status [ austria [T UNDER CONSTRUCTION
[ Bangladesh [C] PLANNED
% ReaCtOI' data = Belagrus [C] sHUT DOWN
% 5 Ediiig DDECDMMISSIDNED
Fuel data = [C] cANCELLED
* Utilization records B i category Advanced Fite
[ canada Power: Any -
* =l Ll ’ ;
Flus: Any -
Age: Any v:"j:_.-,s— _ e s
Utilisation: Any -

NI A e 11 B Now possible:
and managed by
NAPC & NEFW.

* Maps, and
* Much more!

{(4) 1IAEA
&)

* Online updates
* Multiple search
* Up-to-date statistics

Recset Filter

Utilisation

[ Generating Isotopes
[ Meutron Scattering
[T Neutron Radiography €-
[ material/Fuel Irradiation

[ Transmutation Si Doping

[C| Transmutation Gemstone Coloratia),ove win
[l Teaching / Training

[ Meutron Activation Analysis
["| Geochronology

D Boron Neutron Capture Therapy
[l other Application




RRDB: Utilization and Application Oriented, new capability

1 Algeria

Algeria
3 Australia
4 Austria

This database contains 44 research reactors performing Neutron Scaterring distributed over 3 3 Bangladesh

6 Brazil
7 Canada
8 Canada
9 Chile
10 Czchh
Republic

11 France
12 France
13 Germany
14 Germany
15 Germany
16 Greece
17 Hungary

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

ES-SALAM
NUR
OPAL

TRIGA IT VIENNA

TRIGA MARK 11

IEA-R1

MMNR MCMASTER
UNTV

NRU

RECH-1

LVR-15 REZ

HFR.

CRPHEE
BER-II
FRG-1
FRM 11

DEMOKRITOS
(GRR-1)

MUCL.
BUDAPEST RES.

HEAVY
WATER

POOL

PCOL

TRIGA
MARK II

TRIGA
MARK II

POOL

PCOL

HEAVY

WATER

POOL

TANK
WWR

HEAWY
WATER

PCOL

POOL

POOL

PCOL

PCOL

TANK
WD

Coun oty T;:;’:ral
Type KW

15000

1000

20000

250

3000

5000

3000

135000

5000

10000

58300

14000

10000

5000

20000

5000

10000

Thermal
Flux,
n{cmzfs

2.1E14

5.9E12

3.0E14

1.0E13

7.5E13

4.6E13

1.0E14

4.0E14

7.0E13

1.5E14

1.5E15

3.0E14

2.0E14

1.4E14

8.0E14

1.0E14

2.5E14

Fast Flux,
nfcm l{ 5

4.2E12

4.0E12

2.1E14

1.7E13

3.8E13

1.3E14

4.0E13

4.5E13

5.0E13

3.0E14

3.0E14

1.4E13

4.5E13

5.0E14

4.5E13

1.0E14

Criticality

Date

1992-02-

1989-03-

2006-08-

1962-03-

1986-09-

1957-09-

1959-04-04|

1ss7.  Utilization

Teme |Hours per Day 24
197+ | pays per Week 7
1357 Weeks per Year 21
ot MW Days per Year 2160

Materials /fuel test
15z0. experiments

1373 Isotope Production 99Moa, 1311,192Ir, 32P

NO

1958- | ® Total Activity {GBg) 33741

2004 Newtron Scattering HRPD, NRF, HRSANS, FCD/TD, SANS. PD
1961- | @ On-line beam hours 2100

Temp

Neutron Radiography | On-line beaWy hours: MN/A

133 | Neutron capture MO

Available at: http://nucleus.iaea.org/RRDB/

N\

JIAEA
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%

therapy
Activation Analysis IMAA
® number of samples imadiated 300

Transmutation MNO

Geochronology MO
Teaching Murnber of students: N/A
Training MNumber of operators/experimenters trained: 13

Other Uses NO

13
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RR application-oriented functions of RRDB

Application

Number of
RR involved

Involved /
Operational, %

Number of
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

43

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

{
AN

%

‘\Q - - - g m = g w '
@ﬁ" IAEA Indispensable to define priorities and plan our activities!
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Activity: New RRs
Jordan Research & Training Reactor (JRTR)

In the detailed design stage, construction is about to start ///.\\\
N

5 MW (upgradable to 10MW), neutron flux ~1.5*10'¢ n/(s cm?2)
Fuel: ~19.75 % U-235, U,Si,-Al, Coolant & Moderator: H,O, Reflector: Be

Multipurpose RR: radioisotope production, Si doping, neutron beams, NAA, E&T, etc.
1st step to the national NPP programme

g 15
Contact: D.éidikas@iaea.org




Activity: New RRs _
RR under construction

sapmhEs

JHR, France, operation expected in 2015 <l >N ="

MTR pool, 100 MW, in core flux ~1*10' n/(s cm?2)
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

T P s e
V‘J Y IA N -
)1_,'.‘ ..‘g,»’_‘; »




Activity: New RRs

CARR, China
1st criticality in May 2010; full power reached in 2012

60 MW, in core flux ~1*10'5 n/(s cm?)
Fuel: 19% U-235, Moderator: H,O, Reflector: D,O
Replacement for 10MW HWRR (2007)

 Multipurpose RR with the main objectives in basic research

e

Open to users from universities, governmental laboratories, industry

i

17
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Activity: New RRs

PIK, Russian Federation

R

1st criticality in March 2011, full power expected in 2013 ™ <" =

100 MW, in neutron trap flux ~4.5*10"5 n/(s cm?)

Fuel: ~90% U-235, Moderator & Reflector: D,0
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




Key issues and challenges

Source: |IAEA RRDB, February 2011

e Nurnber: ~231 operational..

4401
4

* RR underutilization

* Ageing & needs for refurbishment
* Fuel cycle issues

* Requests for new RRs

» Safety & security

Humber of

s Age: 50% have >40 y |

] Utilization: 50 % ars underutilized

@ Utilisation rate

Fraction of all RRs, %

20 25 30 35 40 45 50 85
Years of operation
Age digribution of research reactors in the RRDB: Number of reactors and
yearsin operation

high, >20FPW/year medium small, <4FPW/year

19
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Key issues and challenges: underutilization

Lack of purpose (and strategy) objectives formulated long time ago; no
new/clear strategy available

Lack of budget (and staff); prefer operate on “survival” level rather than
shut-down and decommission; no plan/funds for decommissioning

Lack of pro-activity (and motivation); no action to search for new
users/clients; no action to analyse/penetrate the market for potential
commercial products & services

Lack of QA/QC (and Integrated Management System); decreased
confidence from major stakeholders (funding and regulatory authorities);
decreased chance to go commercial; no courage for re-organization

4
q
\

N
DN £

Y IAEA
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Key issues and challenges: supply of Mo-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
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Key issues and challenges: supply of V

Source: IAEA Nuclear Technoloagyv Review 2010

Number of reactors

Years of operation

* The five major RR currently producing more than 95 % of Mo

* The OPAL (Australia) and Maria (Poland)

- 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.

Latest news:
NRU (Canada) and HFR (M‘% '

RN awra Dalassd Q,
Maria (1 oland ) &

Gy IAEA ”

T Contact: D.Ridikas@iaea.org




Key issues and challenges: reduction of HEU

* Reduction of HEU through the Global Threat Reduction Initiative (GTRI)
[ 76 RR cores converted to LEU, ~20 RR are expected/on-going

[ Spent and fresh fuel take back programmes
Latest news:
02500 kg of Russian-origin

HEU spent fuel has been

US Foreign Research Reactor (FRR) Spent removed from Serbia
Nuclear Fuel (SNF) Acceptance for HEU =

OSAFARI-1 is entirely LEU!

US Foreign Research Reactor (FRR) Spent
Nuclear Fuel (SNF) Acceptance for LEU

Russian Research Reactor Fuel Return (RRRFR)
Program

Gap Nuclear Material
Removal Program

Other countries, where HEU is being removed:

N\
“Y/ | A E A Bulgaria, the Czech Republic, Germany, Hungary, Kazakhstan, Latvia, Libya, Poland, Romania,

y

{

N\ Ay Serbia, Uzbekistan, Vietnam, ... 23
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Recommended strategy for enhanced RR utilization

Today existing or planned RR facilities should concentrate
on three major issues:

24
Contact: D.Ridikas@iaea.org




Activity: RR strategic & business plans

Preparation/revision of
0 Justification and Demonstrated Needs

[ Strategic & Business Plans

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

Strategic planning for

The applications of
research reactors

research reactors

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

Su*‘}p@ir t/assistance from the IAEA is dependent
a demonstrated need, i.e. ... a strategic plan

I A E Arm in 10 [ St
Contact: D.Ridikas@iaea.org




Example: 2MW RR, HOR of TU Delft

Today:
It is a partially self sustained RR (operational costs ~6M Euros)
Multipurpose RR
NAA, neutron beams, positron source, E&T, isotope production
Special efforts on QA/QM, accreditation, recognition, etc.

IRI < 1985 IRI 19850 2004 RID 2009

Interuniversity Interfaculty Facility + Scientific department

tﬂzb\'\'\mission;,b &pmmision% t#pmmiSSiOni,b
valorisation

800 k€ external
1800 k€ TUD

100% Ministry 2600 k€
[ valorisation
4800 k€ ekl
Future:
* New applications, advanced R&D, search for specific niche...

V@)\
\"{;\ ,}’/ IAEA Source: TU Delft, The Netherlands

%

26
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Activity: RR Networks and Coalitions

Objectives:
[l increase utilization & sustainability

[l promote regional/international cooperation
[l access to RRs from Member States without RRs

Role of the JAEA

[I" Preparation of strategic and business plans : 3
11" Initial support via regional TC projects « Extra capabilities
i e

« Standards

Performance indicators:
 Number of RR facilities forming networks

* Number of non-RR countries forming networks
* Number of RRs with new/updated strategic plans
 Number of RRs with increased utilization/revenues

¢ &Y
(L) 1AEA
=7 Contact: D.Ridikas@iaea.org




Activity: RR Networks and Coalitions, status

42 Member States: 25 with RRs & 17 MS without RRs

BRRN — Baltic Research Reactor Network,

EARRC — Eurasian RR Coalition,

EERRI — Eastern European RR Initiative,
CRRC — Caribbean RR Coalition,
MRRN — Mediterranean RR Network,
CARRN — Central Africa RR Network,

@*IAEA

multipurpose, 10MS
isotope production, 5MS
multipurpose, 6MS
mainly NAA, 3 MS
multipurpose, 12 MS
multipurpose, 9 MS

28
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Activity: RR Networks and Coalitions, highlight

RR Group Fellowship Training Course (6 weeks):

EERRI: organized by partners in Austria, Czech Republic, Hungary, & Slovenia
IAEA: implementation and financial support through TC projects

Contents: theoretical courses, hands on training, IAEA lectures, evaluations

Participants: ~49 fellows trained during 6 courses

Future: similar initiatives in other regions

== Critical experiment, CTU, 2009

- =7 l-ﬁlr'illlilllliilllllm!ll
l p—

AS)
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Internet Reactor Lab (IRL)

Reactor 1 NE
PULSTAR Parameters

Reactor ; . Department
j:tda'o/ UCEER | S T/Jordan

NCSU/ U.S

Source: JUST, Jordan
¢ )\ Similar initiatives in other regions
(L) 1AEA J :
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Activity: TC projects and new RRs

Planned RRs as of today

Last TC cycle: more than 30 on-going IAEA TC projects related to RR utilization, safety,
fuel cycle, refurbishment and modernization, etc.

(2010-2011) 4 on-going projects to start the 15 RR in the country

Azerbaijan: Conducting a Feasibility Study for Planning and Establishing a RR
Jordan: Establishing a RR

Sudan: Sudan Nuclear RR Project

GCC: Developing Regional Nucl. Training Centre for Capacity Building & Research

(2012-2013) similar number of all projects but already 8 new projects related to
the 15t RR in the country

Jordan, Lebanon, Kuwait, Philippines, Saudi Arabia, Sudan, Tunisia, and Tanzania +

new RR projects in Argentina, Brazil, Korea, the Netherlands, South Africa, Vietnam...

31
Contact: D.Ridikas@iaea.org




CONTENTS

New Publications: NES NP-T-5.1 . o B
= = 33.1. Identify potential mkelmlders and s\lppurlm uﬁlleresear:h rea(m e .5
SUMMARY .................... TR, U RPRUUUT | 332 Develop stakeholder profiles and targeted presentation materials . 277
- I b I ) 34. Develop a draft functional specification for the research reactor and its mmll:ryfaclhhes 28
ava I a e L INTRODUCTION........... Trrrrriereene T 3 35, Identify long term government commitments associated with npemmnnfnm!emhmmmr . 30
3.6. Define the organizational stracture and comtext ....................................... 30
LL Backgromd ........... 3.7, Consider regional and mterational cooperation R Eo
12 Objectives . 38. Compile final stakeholder needs into :pre-projecl assessment re'pm B 5 |
}i 2;:P(fme e 39. Prepare the preliminary strategic plan . ... . ST )
15 Use. - - 4. MILESTONE 1: READY TO MAKE A KNOWLEDGEABLE COMMITMENT TO A RESEARCH
16 The cod.e of condnct forthesafeh ufresemhreamcm e REACTOR PROJECT o 12
1.7, Research reactor underutihzation
2
2. THEINFRASTRUCTURE DEVELOPMENT MILESTONES .................c............. 6 j; gz:ﬁ:':gj‘;““ e ;;
21 Infrastructure requirements .. ................. B 6 ji I}:‘iamg andlﬁn P ;i
22 Key differences in the infrastmcture elemen(s betweenresemh reactors and 4. Funding ancing
43. Legislative framework .......... FE P .M
muclear power plants ....... e 6 4§ Regulatory Famework 35
21 Smkehnlduhaszandmlssmn o B . 6 - o o o o o <
L . o 4.7. Safeguards . R »
2 Funding for op ! and tive waste o 6 1S Ra %
2.3. Organizational structure . ... .. .. e 7 P ”
Waste management costs 7 4.9. Research reactor utilization 36
. P 5 4.10. Human resource development _ - o 36
: ;f‘if:::b['i‘ﬂ'l::f;::;‘““ ; 411 Stakeholder involvement ... 3
7. International cooperation 7 4.12. Site survey, sneselechunandewlmhun - 1
IAEA Nuclear Energy Series 23. The graded approach ... 8 413, Environmenta protection : e T
24 nemﬁaswmﬂk“m!_” 8 414 Emﬂg!“ﬂwmﬂﬂnd“fpﬂn“ - - - - - S 3T
= 25 National position .. 11 4.15. Nuclear secunity ........................ 38
26 Nuclear safety 14 416 Nurlearﬁaelmmgrmml e N
27 Mmagement........... 15 417 Radioactive waste o o i o o i 38
28, Funding and financing . 16 4.18. Industrial involvement 39
29, Legislative framework ....................... 16 419, Procurement - 39
210. Regulatory framework 17" s MILESTONE2: READY TO INVITE BIDS FOR THE RESEARCE REACTOR 40
2.11. Safeguards _ 18
2.12. Radiation pmte(hon ..... 18 . -
213, Research reactor utilization i 12 z; g‘:l:;)::l::?:mon. e itll
2.14. Human resource development ... 18 ;3 Mana, :“' 4
215 Stakeholder involvement B ) . B ’ B T ;.4..1“. gen;;:;lﬁn a
216. Site survey, site selection and evaluation _ - - - W P h“nd’;'g ““'ﬂf - - - - - - T n
2.17. Environmental protection . R 20 ;'6' leg\:];:w mﬁme vork 3
E 5 Ty worl
218 s bt 31 Sifeguaﬂs 44
E R — 3w 3% Radampocion “
221, Radioactive waste . ... .. 7 59, R.ese:rchre:cwnm].lzahon 44
222, Industrial involvement n :}? ?xﬁ;:“‘““ldﬂﬂmﬂ‘ e g
2.23. Procurement - n 211 Stakelolder muotvement ... .. .- -
5.12. Site survey, site !elecuonande'valmhen 46
3. RESEARCHREACTOR JUSTIFICATION ........... P 5.13. Environmental protection .. ... T . 48
‘14Emﬂgempmpalrdnessandre;puns:.. . WY
3.1. Research reactor pre-project and building stakeholder support ... .. R 5.13. Nuclear security - . . R 47
32 Forming the assessment, marketing and project team R M 5.16. Nuclear fuel management ... #T
- 53.17. Radioactive waste 48
Technical 3.18. Industrial mvolvement: 48
! 5.19. Procurement _ 48

Reports

6. MILESTONE 3: READY TO COMMISSION AND OPERATE THE RESEARCH REACTOR

AND ITS ANCILLARY FACILITIES o . 49

6.1. National position . ... . . . . R . .48

6.2. Nuclear safety 50

6.3. Management . 50

6.4. Funding and ﬁnanrmg . 51

6.5. Legislative framework ........ 51

6.6 Regulatory framework 51

67 Safeguards 52

6.8. Radiation pm(erlmn . 52

6.9. Research reactor utilization . ... 33

6.10. Human resource development N 53

6.11. Stakeholder nvolvement ................. 54

6.12. Site survey, site selechunandﬂxllmhun N 54

6.13_ Environmental protection N N N 54

IA E A 6.14. Emergency preparedness andmpom e 55

6.15. Nuclear secunity . N 55

International Atomic Energy Agency g if 1;:;}::1 fuel mal:.agemrnl P ;

6.18. Industrial involvement N N . o 56

6.19. Procurement .. ............ciiiiiiiiiaaes P P . 56

1 CONCLUSIONS _ . o N . N . N o 57

APPENDIX: SUMMARY OF CONDITIONS TO ACHIEVE THE MILESTONES N o 59

REFERENCES . o . o N N N o 65

BIBLIOGRAPHY .. e . 67

ABBREVIATIONS . . o . o N . o T

Q/ ANNEXI RESEARCHREACTOR OVERVIEW N . N o N . 79
! ANNEXII: ALTERNATIVE TECHNOLOGIES .. ... .. oiuntimiaantiiiaiaeaaenenn P 3 2

b ANNEX III: NATIONAL VERSUS REGIONAL APPROACH FOR A RESEARCH REACTOR. ... ... 86
CONTRIBUTORS T DRAFTING ANDREVEEW ... B B s Contact: D.Ridikas@iaea.org

STRUCTURE OF THE IAEA NUCLEAR ENERGY SERIES o B o B o 91




Activity: Newcomer Member States
Planning, Building and Operation of RR: phases/milestones

Possibility of M Justification § INFRASTRUCTURE INFRASTRUCTURE INFRASTRUCTURE Research
aresearch for MILESTONE1 MILESTONE2 MILESTONE3 Reactor

reactor Research Readyto makea Readyto invite bids for Readyto commission gi?gm;n
considered Reactor knowledgeable a Research Reactor and operatethe 9

commitmentto a Research Reactor
Research Reactor

project

PHASE 1 Pre-project PHASE 2 PHASE 3 Operations
| Project Formulation Implementation

Continuous development of “\\

| . infrastructure elements, N
I "y Ongoingresearch reactor
|

1

Implementation of a technology assessment & fuel
research reactor / cycle assessment

Preparatory work for a

. . e research reactor after a policy \l
Considerations before’, | | decision has been taken

adecisiontolauncha
research reactor
project is taken
Research I
Reactor 1
Justification f
-
Pre-Project
Assessment
Report and

Preliminary
Strategic Plan

Feasibility Bid Commissioning Decommissioning
Study Specification Licence License

5-10years

Contact: D.Ridikas@iaea.org




[l Role of RR in E&T: ~164 RRs involved world-wide

Public tours and visits
Teaching physical and biological science students
Teaching radiation protection and radiological engineering students

Nuclear engineering students

Critical experiment, CTU, 2009

NPP operator training

Contact: D.Ridikas@iaea.org




[ Role of RR in the context of national NPP programme

Typical flow from Academics to Nuclear

Academic background l Nuclear training required

Experts

Engineers & 400+ + 6 to 12 months
Masters Project + M&O staff

800+

Bachelors & Construction & Operating staff + 3 to 9 months
Technicians

Population need estimates for 2 NPPs

Source: AREVA, France 35

Contact: D.Ridikas@iaea.org




[ Role of RRs in the context of national NPP programme

Example of Nuclear Research Centre in Morocco

© 00 N O O A W N =

Issues (from Mil

. National position

. Nuclear safety

. Management

. Funding and financing
. Legislative framework
. Safeguards

. Regulatory framework
. Radiation protection

. Electrical grid

. Human resource development

. Stakeholder involvement

. Site and supporting activities

. Environmental Protection

. Emergency planning

. Security and physical protection

. Nuclear fuel cycle

X X X X X X X X

. Radioactive waste
. Industrial involvement

. Procurement

36
Contact: D.Ridikas@iaea.org




RR application-oriented functions of RRDB

Application

Number of
RR involved

Involved /
Operational, %

Number of
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

43

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

{
AN

%

‘\Q - - - g m = g w '
@ﬁ" IAEA Indispensable to define priorities and plan our activities!

37
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Revised RR power (~flux) - applications table

Power

level

SIS
100kW
MW
10MW
>10MW

Time
required.
years
Investme
nt costs.
US $k
Staff
required.
number

N\

\
ﬁ) ~ . . -

IL\// IA E A Investment costs for completion and implementation

%

E&T

NAA

Neutron
PGNAA Isotope

Geochronology

. Transmutation effects Imaging
(2) production

(2)

Fission =~ Silicon Gemstone

Ar/Ar Track Doping - (--N“Pm_ﬂ
| irradiation
&) (3) (3)

Coloring

200-
200-600 50-5000 i'((:((:“ 100-500 150— 1000

» S Some capability (e.g. R&D or demonstration capability)
 F Full capability (e.g. capable in commercial production)

*( 1) Requires fully thermalized neutrons.
* (2) Requires a beam tube.
* (3) Requires a loop or special irradiation facility.

» Time required for completion and implementation

» Staff required for operation (in addition to reactor operation team)

Neutron ~ Positron  gNCT

scatterin source

g (2) ©) (2)

Testing

Material

2000-

>1000% = 500-700 5000 = =2000 =5000

*38
*Contact: D.Ridikas@iaea.org




Why Neutrons?

3"5 1. Neutrons have the right wavelength
—af(e)i 2. Neutrons see the Nuclei

3. Neutrons see Light Atoms next to Heavy Ones
@ 4. Neutrons measure the Velocity of Atoms

o 5. Neutrons penetrate deep into Matter

$ 6. Neutrons see Elementary Magnets

Neutron sc_éttering'

_>> ~«—— Microworld ——-

-«—— Nanoworld

Basics on neutron scattering research

10°m

10*m

10%m

10%m

107 m

10%m

10%m

10"%m

— 10% nanometers

L 0.1 mm
100 um

— 0.01 mm
10 um

— 107 nanometers
Visible
pectrum

| 0.1 um
100 nm

| 001 pm
10 nm

1 nanometer
(nm)

| 04nm
1 angstrom

EHead of a pin

Microelectromechanical Devices

,‘.
B

e
o L'\(
Quantum corral of 48 iron atoms

Contact: D.Ridikas@iaea.org



Basics on neutron scattering research
What do neutrons do?

Nobel Prize in Physics 1994 - Shull and Brockhouse

Neutrons show where atoms are.. ...

When the nmstrons
colllge with atoms Inthe .

sample material, they et

change direction (are

y
scattered) - elastic .

scatt ering. 5 »‘;-“ b=

p . Awmmeina
. ery :hllu-e umpl e

Detectors record the diredions
of the neutrons and a dffraction
pattarn is obtained.

The pattern showsthe
positions of the stoms relative
to ona ancthar.

Resaarch reactor

J

Crystal that scrts and
forwarcs neutrons of
a certain wavelength
(energy) - meno-
chromatized nstrons

. and what atoms do

= ~°"

3-axis sp ectrometer with
rot atable crystals and

rot atable sampie

Q.
Atomsina
crystaliine mpu_- J

Changes inthe

energy of the

neutrons are first

analysed in an

analyser arystal..
”

\\r/”

Crystal that sorts and
forweards neutrons of
a certain wavelength
(energy) = mono-
dromatized neutrons

when the llBIﬂl’ms
penetrate the sample
they start or cancel
oscitlationsin the
atoms. If the neutrons
create phonons or
magnons thay
themselveslose the
energy these abzorb

- inalastic scattaring

«and the neutrons
then courntedina
detactar.

40
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[ Neutron Radiography (1)

* Provide static or dynamic “picture” in 2D or 3D
* Non-destructive technique
Various applications
[JPotential income

Application to plants Mineral distribution in stones

- -
— ‘ Voltage sources/cells
. ] ‘

Lubricates in engines

Medical applications

= — _ 41
Courtesy to E. Lenmann (PSI) and N.Kardjilov (HZB) Contact: D.Ridikas@iaea.org




[ Neutron Radiography (1) continued

* Polarised neutron tomography

W = el o) .
q_‘i-k{"'ﬁk"_.a_&:_l. . A

Cultural heritage:
Photo, x-ray, radiography, tomography

Brasing connections

&SR N. Kardjilov et al. Nature Physics 4 p. 399-403, (2008)
ylAEA

e, 2
N\ £

& Courtesy to E. Lehmann (PSI) and N. Kardjilov (HZB) Contact: D.Ridikas@iaea.org




[ Neutron radiography (2)

second moderator
(cold source)

* Neutron beam

* Detection system

* Manipulation system

e Computer system

* Image Reconstruction Software

* Image display

* Operator Interface boa

limiter

scintillator primary source

‘ N —
;' \\ mirror

Kardjilov (HZB) Contact: D.Ridikas@iaea.org



[0 Neutron radiography (3)

Service Flux, n/s cm? Facilities -quipment Staff Budget

Neutron radiography Thermal Neutron beam, Sample manipulator, | Physicist, Variable:

& tomography neutrons beam ports, filters, | mirrors, scintillation | technician | from $50000
>108 collimators, detector, CCD camera to $400000
shielded room

See “Applications of RRs” TECDOC-1234 (2001) for all examples

44
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How do we produce neutrons?
a. Fission Reactions

n' + U23>—— 2 fission fragments + 2.5n“r\2(30 MeV

I = g [
thermal 1 neutron to maintain 0.5 neutrons absorbed
chain reaction .
1 neutron escapes & is

available for use

1neutron 5 : 2 to 3 neutrons

[ Example: 20 MW Research Reactor ]

T - 20x10° watts = 6 x 10'7 fissions/second
No. of fissions/sec 200 Me\V/fission

generates 1.5 x 10'® neutrons/sec in the whole reactor volume

45
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How do we produce neutrons?
b. Artificially accelerated particles
(il1) Spallation with Protons

SPALLATION — 2. Inter Nuclear Cascade

Up to 40 neutrons
per incident proton

3. Evaporation

7 (bt domiates

rmrs
rguwe' ment=s )

46
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Higher neutron fluxes?

Reactors have reached the limit at which heat can be removed from the core
Pulsed sources have not yet reached that limit and hold out the promise of higher
intensities

1018

MTR NRU  HFIR ILL

HFBR KENS - LANSCE
ZING-P' IPNS ang SINQI
1012 - Tohoku Linac Q

1015

109

Berkeley 37-inch CP-1 :
106 cyclotron Next-generation sources

Fission reactors

Particle driven (steady-state)
0.35mCi Ra-Be source Particle driven (pulsed)

trendlme reactors

1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020
Year

_—
v
Q
o

~
£
J
~
c

S
S
=

w
=
]
-
-
=
Q

=

©
=
=
Q
N —
-
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Accelerator Driven System: MYRRHA project in Belgium

Reactor

* subcritical mode (50-100 MWth)
= critical mode (~100 MWth)

Accelerator
(600 MeV — 4 mA proton)

Spallation source

4

;.Multipurpose -
flexible as
=

irradiation neutron S
source -

facility Lead-Bismuth
o coolant

P -

48
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Thanks for your attention and...

{

g7 / Gy e #e el )
B A R bl

¢ QN ...we continue with accelerators late
&y IAEA
ANE 48
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