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Major Activities within Physics Section Nucier Research Applictions

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
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3 Safe Management
* " and Effective Utilization
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International Conference on

Research
Reactors:

Six main topics to be addressed:

1. Utilization & Applications of RRs

Operation & Maintenance

3 Safe Management
> - and Effective Utilization —

Safety of RRs

Spent Fuel Management, Waste &
Decommissioning

RR designers/providers

Jointly by NA, NE, NS and TC

>200 participants expected
>130 papers presented
>50 countries represented

4
Contact: D.Ridikas@iaea.org




Introduction

Nuclear Reactor
Control Rod

Main Components of Research Reactor

FUEL Natural Uranium / Enriched Uranium
FORM Metal, Alloy, Oxide, Silicide

CLAD Aluminium, Zirconium, SS

MODERATOR H20, D20, Graphite, Beryllium

CONTROL Boron, Cadmium, Nickel
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Containment

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

Contact: D.Ridikas@iaea.org




Background

Some historical facts

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

Russia, Dec. 1946, F-1, |. 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

(£ ) 1AEA
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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)
e Start of nuclear energy...
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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

Rapide SCWR MSR
a gaz Propuls. RNR RNR
al Na Pb

jurn RBMK

b (modérateur f / :

graphite et e y & j " ADS/ RSF
l;"f ucaiopumureau}- | ] ] a%{J a ? (Sels

Ny
'\‘ rons

A _ 3 3
“} ) ) ' ! r ] {;ﬂpldeﬂ

fondus)

f'h'aitement
Réacteurs | combustible
Réacteurs a U enrichi
a modérateur + U
graphite I

Reéacteurs
a eau lourde

9
Contact: D.Ridikas@iaea.org




Background

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

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

CRITICALASSEMBLY _ _PROTOTYPE REACTOR
0,1% 0,9%

TRAINING
128%_

Research reactors in operation: Categories & number of facilities
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Background

North

America '

Under construction 3
Planned p
Shutdown/Decommissioned 417

Cancelled 5

Operational RRs are distributed over 56 countries

Russia ~47
USA ~41
China ~16
Japan ~15
France ~11
Germany ~10

(£ ) 1AEA
)

--7"!\‘-

Source: IAEA RRDB, February 2011

W lsia & Pacific
» 3 ‘ ife

{_fi-w

Number: ~237 operational

Africa

Americas

Asia/Pacific

Europe (with Russia)
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RRDB: Utilization and Application Oriented, new capability
115 RRs data updated in 2010 — nearly 50% of operational facilities

* Operational RRDB

Geographical Distribution ™ Reactor Category Reactor Utilisation Foreword (Home)
Foreword (Home) = =

Summary Graphs Editorial Note

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

Russia -1 kW = Power < 1MW Meutron Scattering
usa - Power = 1MW = MNeutron Radiography
Reactor by Flus: m Material/fuel Irradiation

- High Flux ® Transmutation:
- Medium Flux - Silicon Doping
- Low Flux - Gemstone Coloration
Reactor by Age: m Teaching/Training
- Less than 40vears LYY
- Owver 40years m Geochronology
m BNCT
m MNuclear Data Provision
m Other &pplications

Available at:
http://Inucleus.iaea.org/RRDB/
IAEA or USB Memory Stick, <10MB, no internet is needed!




RRDB: Utilization and Application Oriented, new capability

HE&WY
WATER

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

Thermal
Reactor | 'hermal e | Fast Flux, | criticality
Country Power, Flux, 7
Type kW nfem/s nfcm*fs Date

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

Algeria NUR POOL 1000 5.9E12 4.0E12  1989-03-24
3 Australia OPAL POOL 20000 3.0E14 2.1E14 2006-08-12
4 Austria  TRIGA 11 VIENNA TRISA 250 1.0E13 1.7E13 19620307
MARK L1
This database contains 44 research reactors performing Neutron Scaterring distributed over 3 5 Bangladesh TRIGA MARK II TRIGA 3000 7.5E13 3.8E13 1986-09-14
MARK II
6 Brazil IEA-R1 POOL s000 4.6E13 1.3E14 1957-09-16
ns
7 canaga MR MCM“[‘JLEIE POOL 3000 1.0E14 4.0E13  1959-04-04
Utilization
8 Canada NRU GIRIAY 135000 4.0E14 4.5E13 ol
R Tem: |Hours per Day 24
S Chile RECH-1 POOL 5000 7.0E13 5.0E13 1574- Davs per Week :{
Czech TANK
10 LVR-15 REZ 10000 1.5E14 3.0E14 1957
i 5 . Weeks per Year 21
5
— MW Days per Year 24160
11 France HFR 58300 1.5E15 1971- .
WATER Materials /fuel test NO
12 France ORPHEE POOL 14000 3.0E14 s0E14 1930 | @Xperiments
13 Germany BER-II POOL 10000 2.0E14 12813 1973 | Isotope Production 99Mo. 1311.192Ir, 32P
14 Germany FRG-1 POOL 5000 1.4E14 45613 1958 |® Total Activity {(GBqg) 33741
15 Germany FRM 11 POOL 20000 8.0E14 5.0E14 2004 | Newtron Scattering HRPD, MNRF, HRSAMS, FCD/TD, SANS, PD
- ] )
16 Greece DEMOKRITOS POOL 5000 1.0E14 aseiz] O 2100
(GRR-1) Temt : -
Neutron Radiography | On-line bealy hours: MN/A
NUCL.
TANK
17 Hungary ~BUDAPEST RES. o 10000 2.5E14 1.0et¢ 1353 Newtron capture NO
therapy
AV al I ab l e at: Activation Analysis | [NAA
& number of samples imadiated | 300
http://nucleus.iaea.org/RRDB/ Transmutation O
s B s Geochronology NO
-
or USB Memory Stick, <10MB, no internet is needed! Teaching Number of students: /A
Training MNumber of operators/experimenters trained: 13

Other Uses NO
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Education & Training

51

Neutron Activation Analysis

54

Radioisotope production

84

44

Neutron radiography

68

40

Material/fuel testing/irradiations

60

25

Neutron scattering

51

32

Nuclear Data Measurements

42

20

Gem coloration

36

22

Si doping

35

22

Geochronology

26

21

Neutron Therapy

20

13

95

40

29

- For more information see IAEA-TECDOC 1234 (2001)
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Key issues and challenges

Source: IAEA RRDB, February 2011

Steady thermal

womomeramy  Number: ~237 operationaliss

. Steady thermal power 4401

* RR underutilization [ oot
» Ageing & needs for refurbishment
* Fuel cycle issues

* Requests for new RRs

 Safety & security

1985 1990 1995 2000 2005

Age: 50% have >40y

Utilization: 50 % are underutilized

@ Utilisation rate

Fraction of all RRs, %

20 25 30 35 40 45 al a5
Years of operation
Age disrilmion of research reactors in the RRDB: Number of reactors and
yeasin operation

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

15
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Key issues and challenges:

 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
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Key issues and challenges:

Source: IAEA Nuclear Technolo Review 2010

Number of reactors

30 35

Years of operation

e 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.

17
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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:

—->74 kg of Russian-origin
HEU has been removed

Mtor (FRR) Spent from Kazakhstan
eptance for HEU

—->SAFARI-1 is entirely LEU

search Reactor (FRR) Spent
eptance for LEU

ap Nuclear Material

Other countries, where HEU is being removed:
I A E A Bulgaria, the Czech Republic, Germany, Hungary, Kazakhstan, Latvia, Libya, Poland, Romania,
Serbia, Uzbekistan and Vietnam.

18
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Activity: RR Networks and Coalitions, background

Objectives:
—> increase utilization and sustainability
—> promote regional/international cooperation
—> access to RRs from Member States without RRs

Role of the IAEA 3
—> Catalyst and facilitator towards self-reliance e") .
—> Preparation of strategic and business plans |_J g Suoport

—> Initial support via regional TC projects ' .E:t,ac;,a;i.;ties

= Back-up supplies
= Expertise
« 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

Contact: D.Ridikas@iaea.org




Activity:

37 MS with RRs and 12 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,

status

multipurpose,
isotope production,
multipurpose,
mainly NAA,
multipurpose,

20
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Activity:
Planned RRs as of today

More than utilization, safety, fuel cycle,
refurbishment and modernization, etc.

4 ongoing projects to start

1) Conducting a Feasibility Study for Planning and Establishing a RR
2) Establishing a RR
Sudan Nuclear RR Project

Developing a Regional Nuclear Training Centre for Capacity Building and
Research

7 new project concepts submitted and related to

- Other countries: Argentina, Brazil, The Netherlands, South Korea, South Africa,...

(£ ) 1AEA

7 Contact: D.Ridikas@iaea.org




» [ DD
s 0, bullding and Operation O pNase 2S10
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 t0 @ 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
easlip O Project elaboratio 0 Operatio [)eco
Decision adopted Bidding process Commissioning
~ 5 —10years
; A A
onta D.RICG




Activity:

Preparation/revision of
-> Justification and Demonstrated Needs
-> Strategic & Business Plans

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

Strategic planning for
research reactors

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

23
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- Role of RR in E&T (1)

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

Nuclear engineering students

Ml Critical experiment, CTU, 2008
- Ei 1 g

NPP operator training

Contact: D.Ridikas@iaea.org




- Role of RR in E&T (2)

Typical tlow from Academics to Nuclear

Academic background l Nuclear training required

Engineers &
Masters

Bachelors &
Technicians

Experts

Project + M&O staff

800+

Construction & Operating staff

Population need estimates for 2 NPPs

+ 6 to 12 months

+ 3to 9 months

25
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Activity: New RRs

Jordan Research & Training Reactor (JRTR)

In the detailed design stage, construction to start in 2011 4y

-,
N
5 MW (upgradable to 10MW), neutron flux ~1.5*1014 n/(s cm?)
Fuel: ~19.75 % U-235, U,;Si,-Al, Coolant & Moderator: H,0O, Reflector: Be

Multipurpose RR: radioisotope production, Si doping, neutron beams, NAA, E&T, etc.
15t step to the national NPP programme

Contact: D.PRikas@iaea.org




Activity: New RRs .
RR under construction

N

Reactor

JHR, France, operation expected in 2014 g =

MTR pool, 100 MW, in core flux ~1*10% n/(s cm?)
Fuel: Ref. UMo LEU, Backup: U,Si, 27 % U-235 [T
In support of future nuclear power, Gen3+ & Gen4 N
Dedicated for material/fuel irradiation and testing

Other applications envisaged (isotope production)
International consortium




Activity: New RRs

CARR, China
1st criticality in May 2010; full power expected by the end of 201 .1_..

60 MW, in core flux ~1*10*° 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

28
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Activity: New RRs

PIK, Russian Federation

N RN

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

100 MW, in neutron trap flux ~4.5*10% 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

29
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Basics on neutron scattering research

Why Neutrons?

1. Neutrons have the right wavelength

Neutrons see the Nuclel

Neutrons see Light Atoms next to Heavy Ones

Neutrons measure the Velocity of Atoms
Neutrons penetrate deep into Matter

Neutrons see Elementary Magnets

30
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Neutrons in scattering research
What do neutrons do?

Nobel Prize in Physics 1994 - Shull and Brockhouse

Neutrons show where atoms are.....

Whan tha nearfrons
collide wath atoms In the A
sample material, they LN
changa directicn {ara i
srattaren) = slaskic !‘—' ) Research reactor
scattering. g gy
] i Afmmeina
.+ ryatallirs sample

i g

[|
rof atable crystals and
ot atable sample .
U .l" &
- L a m
Crystal that sorts and - & el anergy of tha
Delectors record the dif edions farwaros neutrons of Lj L neut?;ns ara firet
of the neutrens and a dffraction a cartain wavelangth Atomsin a A oL analysed im an
pattarn is abtainad. {energy) - meno- L~ e crystallima E-Q'IIJIB \}1 [l 'HJ |'-I'ru-1:r arystal..
The pattern showsthea chram atizad neutrons T, | 1:{
positions of the stoms relative S, st ','_T \..;..Cr
to ana anothar. ""’ , ":,'j:'_e P

.*__T% , b5
A

When the newtrons

. and what atoms do ki e

nscillationsin tha
CrySCALEN B 53 IR ALom s, If the neutron s

create phonons or
thawy
{ermargy) = mano= i dirich
chem selves lose the wa @ TE NEULTon &
chromatized neutsans energy these absorb then counted ina

= inalastic srattoring detactar.
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How do we produce neutrons?
a. Fission Reactions

n! + U25—— 2 fission fragments + 2.5n1+\290 MeV

T |
thermal 1 neutron to maintain 0.5 neutrons absorbed
chain reaction :
1 neutron escapes & is

available for use

1neutron = b e = 2 to 3 neutrons

[ Example: 20 MW Research Reactor j

ks 3 20 x 10° watts = 6 x 107 fissions/second
No. of fissions/sec 500 MeV/fission

generates 1.5 x 108 neutrons/sec in the whole reactor volume

32
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How do we produce neutrons?
b. Artificially accelerated particles

(1) Spallation with Protons

SPALLATION — 2. Inter Nuclear Cascade

Up to 40 neutrons
per incident proton

\‘3. Evaporation

33
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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 yvet reached that limit and hold out the promise of higher
intensities
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Nuclear
Transmutation

3 GeV Synchrotron
25 Hz, IMW

35
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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

:'Multipurpose

flexible el
-

irradiation neutron
source

facility Lead-Bismuth
coolant
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Thanks for your attention and...

i
e W
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