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25 gadi parejas korporacijai uz tiro (clean) energiju:
solar, biomass,fuell cell, hydrogen, biogas,

and renewable energy markets association +
kodolenergija (bazes energija)
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@ Energjas krajumi uz Zemes

~
‘@ Vidéjais patérins — 2 KW uz cilvéku; energija kopa - ~ 4TW

WWW.CTI.lu.lv

Zeme sanem no Saules (kodolsintéze): 5.4x10%* energijas gada

No Zemes iekSienes nakosSais siltums (kodolskaldisana): 102t J gada

Kodolsintézes cela,sakauséjot deitérija(D) & tritija(T
kodolus: 5X102%7 J




www.cfi.lu.lv

W

B B B-n B i .t

| |

Quelle: Helion Solarkonzepte GmbH, Langenfeld
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@ Kodolskelsana - kodolsintéeze

Two paths of obtaining nuclear energy

3 ‘“ E =mc?

WWW.CTI.1u.lv
a) Nuclear fission is the splitting of a heavy atom into two or
more parts, releasing huge amounts of energy.

BT+ — U > 2+ 2Sr+ " Xe

b) Nuclear fusion involves bombarding hydrogen atoms together
to form helium and neutron.

D+T — *He+n
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Ernest Rutherford - ~1930
Fission

Fermi, Hahn, Meitner,Bethe — ~1933
Manhattan projekta dala — no 1940
Atombumba — 1945

Kontrolgjamas kodolsintézes fUSION pétijumi — no 1950

TOKAMAK — (Tamm, Sakharov, Lavrentyev) — 1950

STELLARATOR - Spitzer — 1950

Udenraza bumba - 1952-1953

Inerciala kodolsintéze

European Union High Power Laser Energy Research facility (HIPER)
National ignition facility (NIF)

EURATOM treaty - 1960

European fusion programme — ( Donato Palumbo - + 08.02.2011 —
D.R.Harris) — 1987

EFDA — 1999

FAE — 19.04.2007

ITER - International agreement has bean signed by

EU + Switzerland, Russia, USA, Japan, South Korea, China, India -
27.11.2007

Association EURATOM — University of Latvia (AEUL) -19.12.2001


http://en.wikipedia.org/wiki/Ernest_Rutherford�
http://en.wikipedia.org/wiki/European_Union�

KodolskaldiSana — fission
Atomelektrostacijas (AES)
Nuclear power stations

Termiska kodolsintéze — fusion
ITER — DEMO- PROTO
International thermonuclear reactor

10.04.12. 8
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1956 : Inauguration of
Calder Hall by Elisabeth

1951 : EBR (Idaho)l lits 4
200 W Bulbs

1954 : Obninsk. 5 MWe




Kodoldegviela

&
: ’% P Fissile Material U235, Pu, U233
==l B ) Fertile Material U238, Th232

» Moderator D20, Graphite, H20, or none

» Fuel Composition Metal, oxide, carbide,
nitride, salt, solid,
liquid, suspension

WWW.CTI.lu.lv

» Fuel Geometry Cylinder, rod, pin, sphere,
particle

» Coolant Alr H20 D20 (U2 He Na,
Pb

10



@ Atomelektrostacija (AES)

. | Fission power plant

WWW.CTI.IU.lV Advanced gas cooled reactor Electricity to grid
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AES

WNA May 2010

Nuclear Power 2009-10
Country GWe TWh Units %Elec
USA 101 ' )< 20
France 63 392 : i
Japan 47 26 2
Russia 23

S Korea 18

Germany 20
Canada o)
Ukrame /i)
China 9
Spain 7
Sweden 9

12
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Advanced
Reactors

A Nuclear reactors « Generations »

WWW.CTi.lu.lv

Picnner
Facilities
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Tresds paaudzes AES

Present Trends: Generation ||

e Increased

| Safety (prevention & mitigation)

* Increased

| Security

« Simplification

« Reliability & Operating Flexibility

« Competitiveness with Gas/Coal Plants
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Generation [l PWRs

APR 1400 S Korea
APWR MHI

ATMEA Areva-

Mitsubishi
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ABWR GE-
Hitachi

= -
i = '
||
A |
f )
SN
| \

KERENA
AREVA

16



Membrane (Low Pressure) Gas Current
Ennched

with U-235

(Medium Pressure) Gas Current
Depleated

of U-235

(HighPressure)

OZE, o BOF,

Uranium enriched
with U-235 p

UFg supply
Uraniumm Uranium
deplated dapleted
of U-235 of U-235

A
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Atombumba

fission — atomic bomb

i i 04 235
Little Boy 64 kg uranium , 80 % 232U. Fat Man 6.2 kg 2°Pu

Uran-Sprengkopf
Plutonium-Spengkopf

Hiroshima, 6. August 1945 Nagasaki, 9. August 1945

18
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Torija reaktors pats razo sev degvielu

Kad torija atoma kodols saduras ar neitronu, torij; sabriik, radot
uranu-233. $a urana izotopa kodolu var saskelt, iegustot energiju.

1 . Urana-233 kodols saker : G Torijs-232 uznem 3kel3anas
neitronu un saskelas divos vieglakos reakcija radusos neitronu un
kimiskajos elementos. Skelsanas parvérsas par toriju-233.
procesa izdalas 198 MeV* energijas,

 ka ari atbrivojas 2-3 neitroni. - B

Urans-233

Protaktinijs-233

: 4. prota ktinija-233 & - Loti radioaktiva torija-233
pussabruksanas periods ir 27 dienas; pussabruksanas periods ir 22 minutes;

tas parversas par uranu-233. tas parversas par protaktiniju-233.

* MeV - megaelektronvolti, atomfizika izmantota energijas mérvieniba.

Torijs-233

10.04.12.
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Quelle: Helion Solarkonzepte GmbH, Langenfeld

RLDWIDE ENERGY CONSUMPTION & ™\

ENERGIEVERBRAUCH DER MENSCHHEIT
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, ‘% Senaja Egipté Mezopotamija
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SAULE pasaules tautu kultiras

10.04.12. 23



@ SAULE latviesu folklora

. E Sauli apzimé visi apalie priekSmeti, pieméram, lode, ola vai Zile,
‘Iﬁ kuru ritéESana apzimé Saules kustibu debesu velvé.

= l I Saules zime tautas maksla.
WWW.CTI.lu.lv
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@ Kodolskelsana - kodolsintéeze

Two paths of obtaining nuclear energy

3 ‘“ E =mc?

WWW.CTI.1u.lv
a) Nuclear fission is the splitting of a heavy atom into two or
more parts, releasing huge amounts of energy.

BT+ — U > 2+ 2Sr+ " Xe

b) Nuclear fusion involves bombarding hydrogen atoms together
to form helium and neutron.

D+T — *He+n




A

Kodolsintéze (E=mc?) : D-T plasma ITER /5;:*3
Gdenraza plazma Saulé =

AEUL

FUSION REACTIONS

The easiest fusion reaction to achieve is between the two
heavy isotopes of hydrogen (deuterium and tritium). Most of
the energy released in this reaction is carried away by a high
speed neutron, The remaining energy goes to the alpha particle Brivie
(a helium nucleus) which is also produced in the reaction. In a

www.cfi.lu.lv

j Udenradi . neitroni
fusion reactor, a blanket around the reactor would slow down Udat;lr.ad '? _ i -
the neutrons and convert their energy into heat. This heat can 6 Udenradis i
be extracted to generate steam for conventional electricity il \ at Bn.v il
generation. Lithium, in the blanket, is converted by the . \ Ve nejtroni
neutrons into tritium. : -Udeqﬁd%?+ +  Helijs ”
® Ll \ Brivie
; o+ neitroni
Deuterium Helium il - &
Udenradis "

¢

1 _- Katru sekundi Saules dzilés hélija “pelnos”
/ - parvérias aptuveni 700 miljoni tonnu adenraza!
+ Nebaidies, Saules resursu pietiks vél daziem
6 . miljardiem gadu.
Tritium Neutron

(Image courtesy of EFDA)

27



Tokamak and Stellarator — two roads to nuclear fusion energy

Only research!!!
Www.cTl.lu.lv

Vertikal-
teldspulen
N Toroidale

Feldspulen
feldspulen
Vakuum-
gefil

Plasma . ~3 /  helikale

| 7
.\ r Ak Spulen
i .'| ' d"’? F'

" J‘""‘ -
- Vakuumgelils

Tokamak Stellarator
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o EFDA

‘Iﬁ The core of ITER

WWW.CTI.lu.lv

Nb,Sn, 6 modules

Toroidal Field Coil
Nb3Sn, 18, wedged
5,3 T on plasma axis

Poloidal Field Coil

Major plasma radius 6.2 m
Plasma Volume: 840 m?3
Plasma Current: 15 MA
Typical Density: 10%° m?

Cryostat .
24 m high x 28 m dia.

Vacuum Vessel
9 sectors

Blanket
440 modules

Port Plug
heating/current
drive, test blankets
limiters/RH
diagnostics

Torus
Cryopumps. 8

Divertor
54 cassettes



ITER parametri

Www.cTl.lu.lv
ITER design parameters

Total fusion power (megawatt)

Power multiplication factor (Q)

Tokamak diameter

Tokamak height

Plasma volume 850 m’

On-axis toroidal magnetic field (tesla) 53T

Operational life 20 years+

30



Fusion power plant

- Agacior contammaent
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Joint European Thorus (JET)
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11-' metre

Comparison of JET, the so-far largest Tokamak worldwide and I TER. ITER
will be nearly 30 m high and will weigh 23 000 tons.

ITER: leading the way to fusion energy

European
device in

Operation

operation from 2020 2050 (tentative) Second half of the century

Operation in 2040-

33



EURATOM-F4E (ITER)

Total 34 countries, incl. Latvia

ASSOCIATION

EURATOM - UNIVERSITY OF LATVIA (AEUL)
SINCE 2002

Reactor ITER will be built in Europe —
in Cadarache — soth of France, near Marcel

AL+ In > He + T

Fusion and International Thermonuclear

Experimental Reactor (ITER)

10.04.12. 34
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Udenraza bumba

llm- fusion — hydrogen bomb
% ' On November 1, 1952, the United States exploded the first hydrogen bomb.

WWW.cTI.lu.lv.

The first Soviet test of a hydrogen bomb was on August 12, 1953

Mini atomic bomb Fusion fuel

Hydrogen bomb / atomic bomb = 1000

36
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NIF (USA)

www.cfi.lu.lv
issp@cfi.lu.lv

 Lignes
amplificatrices

Création d'une
impulsian laser

38
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gist virsroku par pasu radioaktivitati

Oponentiem butu vélams ari atceréties:

- tukstosiem boja gajusos oglu raktuvés visur pasaulé;

www.cfi.lu.lv - bojagajusos cilvekus, juras dzivnieku, putnu BP naftas ieguves
Issp@cil.lu.lv platforma Meksikas licT;

- neatgriezeniski sabojatas dabas ainavas;

- gaisa piesarnojumu, CO, izmesus;

- klimata izmainas;

- un, ka jaunas drosakasu kodolénégetikas attistiSanu (piem., torija
232Th ka degvielas izmamntos$anu) apzinati aizkavé militaristu intereses
(?%° Pu nepiecieSams atombumbam)

Lieljaudas kodolskaldisanasAES bus logiski slegt tikai tad,

kad saks darboties kodolsintéezes AES

10.04.12. ‘ = = 39
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Lieli projekti prasa atbilstosi lielus

izstrades un ieviesanas laikus

@ When Fusion works...

P Intrinsic Safety (no chain reaction) P Reactor far more complex than a fission
reactor. It impossible to design small power
reactors.

WWW.CTI.lu.lv

1938 Discovery of Fusion
= 1960s First Tokamak

« 1942 First sustained chain » 2026 First DT Plasma in ITER
reaction

s 1956 First Nuclear Plant

1938 Discovery of Fission

* 2011 Fission generates 14% = 2011 Fusion generates 0%

el s en i world electricity
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Kodollielvaras

Kodollielvaras AEUL

B Oficialas kodolvalstis B Citas paspasludinatas kodolvalstis El Pa3as neatzist, ka ir kodolvalstis

Lielbritanija — = _ Ziemlkoreja €9

225 10 000 90-110 <10

000
. ]
100 10
el Eh
ipituvenais
odolgalvinu
3its

nav pazinots
" navzinams
 Lielbritanija  navpazinots
lzragla “havpazinots
Pakistana  nav pazinots
b e e = ; navpanngts =
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Asociacijas EURATOM- Latvijas Universitate (AEUL)
atklasana— 16.janv. 2002

LU rektors lvars Lacis pau parliecibu, ka Latvijas zindtnieki ar saviem pétijumiem praktiski iesaistisies kopéja Eiropas attistiba

Aija LULLE

Latvijas Universitates (LU) rektors
Ivars Lacis vakar atkldja svinigu pa-|
siakumu, kas bija veltits Latvijas zi-

gijas kopienas (Euratom) program
ma, kas veltita nikotnes energetl- I':

kas problému risinasanai.

Euratom ir 1ps 2 s 30 gadus vel

programmas 3 3 5 aistitus pétdjumus
programm nakotnes 1999, gada zndmieki akeivi pie-

intézes programmd
gad darba programma iet\'cr
no 10 pietei j
kuru izpildé
pétnieki no Cietyi u:lu fiz
stiriita, izstridijor duagnu.-.u A5

mat:rlilus un memdes m staro-
£ s M

kogdolsintézes reaktora blankera
eridlu “izturibas f!rl'_lblé

atikas insti-
das un angstas
vences elektromagnér
vilgu generatoru — gitrotonu pa-
ramerrd]

grupam -ﬂ]“_
tiek slégti
Vi Tadu
& emtap 200 000 eiro. ™

43



T

WWW.CTI.lu.lv

28 European countries signed an agreement to work on an energy source for the future:
EFDA provides the framework, IET, the Joint European Torus, is the shared experiment, fusion energy is the goal.

LPP-FRM/ KPS
SCH-CEN
SPP-LLE

TAasocation EURATOM -
Belgian State

| Riza OTU

BELGIUM G ] C DENMARK

Mha-Planch- et i Plassphpik

Tekes -
> 4 JULICH

FINLAKD FRANCE GERMANY G GERMANYT

taumgatian Acaderty 23 Dubim Uniseriiy
HUNGARY IRELAND

3 FPiLM

EURATODM

Wity of Edatation and Ressarch J
ROMANIA SLOVAKIA

CTiommat D

SWITZERLAND

CCFE

UNITED KINGDOM

Our partners:
FUSION
FOR

ENERGY

FRANCE HE SPAIN
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AEUL sadarbiba

ASSOCIATION EURATOM - UNIVERSITY OF LATVIA
AEUL

i
A kg B
i i B Bl

WWW.CTi.lu.lv

y =,

\’A‘I-'!
A _4
AEUL

In cooperation with

Instituto Tecnologico e Nuclear (ITN), Lisboa, Portugal;
Karlsruhe Institute of Technology (KIT), Germany;
Nuclear Research and consultancy Group (NRG) The
Netherlands;

Max-Planck-Institut fuer Plasmaphysik (IPP), Garching,
Germany;

ENEA FTU, Frascati, Italy;

IEA University of Maryland, USA

45



COMPUTER MODELLING OF IMPURITY
CLUSTERS IN ODS STEELS

To S|mulate theoretically Y,O5; nanocluster growth is important for understanding
atomistically this process controlled by interactions between different impurities and
.. defects in iron lattice.

WWW.CTI.lu.lv

. I
?fo?i." ?_o .A
7
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For simulation on ODS particle precipitation in Ferrite matrix, a multi-scale modeling is foreseen:
(i) large-scale first-principle calculations;
(i) lattice kinetic Monte-Carlo simulations performed using results of ab initio calculations.

46
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COMPUTER MODELLING OF IMPURITY
CLUSTERS IN ODS STEELS

0 2L e

3 r||.|;‘.

Fipure 3.4.3.1.]1 HRTEM micrograph of 1.0 nanoparticle embedded into fervite
mamix (a) and i
experimental studies on QDS steels with atomic resolution performed recently ar IMF-

wther transformation to Fouvier image (b} [2]. Comprehensive

Earlsruhe show stability of pure T,0,-0D5 and ytmia nanoparticles.

47
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THEORY OF HIGH-POWER GYROTRONS
WITH UPTAPERED RESONATORS

Develo pme nt of hi g h -power Scheme of the multiscale simulation of CNT-interconnected IC backend structure
high-frequency gyrotrons is TR
strongly driven by the needs of [l naecteio

fusion technology.

Gyrotrons are superior to other

RF sources in the frequency

range relevant for electron

cyclotron resonance heating

(ECRH), or about 170 GHz for

ITER. We participate in the

development of the European

Gyrotron in close collaboration

with Karlsruhe Institute of bl e b torica el cols
TeChnOIOgy (Germany). ISR EICRIG ATt Losoidal magnetc Nk

The main emphasis is put on

development of advanced

codes for calculating various

effects, e.g., onset of

stochasticity and hysteresis, in

gyrotron resonators.

outar polcidal fisld coils
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Divertors

hexagonal
tungsten tile

divertor target plates with
medular thermal shield
WWW.CTI.lu.lv

cartridge
made of steel

/ dome and structur

divertor-cassette



Influence of 1,7T magnetic field on corrosion of
EUROFER in PbL.i

Three sessions are lead each at 550 °C, during 2 000 b, at flow velocity 2,5-5.0 cm /s, B=1.7T.
(EURATOM Projects)

80 samples have been tested and analyzed
WWW.CTI.1U.IV

temperture 550°C;
velolocity 4 cm/s

Experimental stand

Wmerof zampies

Peculiarity of the corrossion structure on the

Corrossion rate without and inside the field perpendicular to the field (Hartmann) wall

50



PbLi loop for investigation blanket elemets in the
strong magnetic field

-~y
I N
i

WWW.CTI.lu.lv

B =up to 5.0T; PbLitemperature = up to 350°C, Velocity of PbLi = up
to 1m/s

o1



Www.cTti.lu.lv

Stand for liquid metal suported investigations

High temperature vacuum stand STL-300
Volume — 12m3
Pressure 5x10 5 mm Hg

Li loop for testing electromagnetic
pumps at temperature up to 1000°C

52



A€UL projekti un darba rezultati

~y
I N
i

WWW.CTI.lu.lv

1)

Figure 3122 a
BUL ~11 em; v -
FPhoto has b

both for the break-up length and the side deviafion

53



Diagnostics of ITER wall and blanket using LIBS spectroscopy
U 7

Main features of advanced double laser- time resolved - micro- LIBS technique

1. Extremal - single photon

Beam positioning Laser mount Beam position

Optical port '::mm | s, pa r — Sensitivity.
3 Optical head 2. High resolution of the elements
, Olol depth profile
: 3. Microscale resolved surface
QL0 distribution of elements

(Il

/

T‘

|

X, Vaskuon WS e

L2 IccD Spectrograph
450 s 4 2000s A Control & Shamrok 303i

Data acquisition i) ICCD camera Andor
Delay Generator system Andor
ol 0 . .
S First laser: layer by layer ablation

ICCD

5000

*Thickness of layer removed 150 — 200 um

— Only Ablation
— Only Heating
— Ablation + Heating [ |

000 Second laser: plasma pulse heating
» Pulse delay and gate window :
37 0 -20 sec. Resolution 25 ps.

3 2000 Ablation beam characteristics:

» Gausian shape
* Focussed beam diameter: 4 mm to 10 mm
* Eliminated interference rings using

aspherical object lens

LAY

20 30 40 50 60 70 80

Time [ns]




Analysis of Tritium in the Radiation Thermomagnetic Rig
under 3 different conditions

*Temperature (1073 K, constant rate 5K-min-1)

*Temperature and radiation (accelerated electrons (E=5MeV)

W radiation of 14MGy-h?)

il - Temperature and magnetic field (1.7 — 5.4 T)

e «Simultaneous action of all 3 factors: temperature, radiation,
magnetic field and determination of the tritium released and
remained in the sample treated in the rig

Thermomagnetic rig on the basis of electron accelerator
LINAC-4

Tritium monitor
behind safety wall

5.4 T mobile superconducting
solenoid magnet
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Kodolsinteze -zvaig

ZNu energija uz Zemes

.- EFDA

" EUROPEAN FUSION DEVELOPMENT AGREEMENT

Kas ir k

Kodolsintéze ir saules energijas

Kodolsintéze uz Zemes

P Sauli un 2vaigznes. avots Uz Zemes kodolsintéze var tikt pielietota energijas
i : oli saplast kopa, radot Saules centra katru sekundi saplist 600 miljardi kilogramu tdenraza, ieguvei, jo nerao_la f‘sﬂtgmmcgs”_efekta gazes, tas
atomiem, tadiem ka veidojot héliju. Dotaja procesa izdalas milzigs energijas daudzums, no kura izejvielas ir praktiski neierobezota daudzuma
energijas. Kodolsintéze maza dalina uztur ari dzivibu uz Zemes.
Saules centra temperatdra ir 15 miljonu Celsija gradu. Augstas temperatiras

[ process kodolu dalidanas - - ? TTAIDTIV L& de v AYES e
agi ahm B50i k3 urins, sadalas atomi zaudé elektronus un kopa tie veido ladétu dalinu gazi, ko dévé par
plazmu. Saule ir plazma, tapat ka zibens vai gaze fluorescéjosa gaismas

mazakas dalas. 4
1 lampa.

“ANal~Ndall LS tddlNdlab IS AY5~1dTa b

patérins nemitigi pieaug, bet tas resursi neizbégami tuvojas
izsikumam (ogles varétu pietikt lidz 260 gadiem, nafta -80, gaze -120,
urans -70).

Kodolsintézes varétu nodrosinat cilvéci ar efektivu energijas avotu,
kura izejvielas ir praktiski neierobezotas. Kodolsintézes procesa
nerodas “siltumnicas” efekta gazes , ka ari ilgi dzivojosi radioaktivie
atkritumi.

ﬁIOHId Cltlogl
d. " .

Kodolsintézes degviela

Kodolsintézes realizéSanai uz Zemes izmantos
Gdenraza izotopus — deitériju un tritiju. Abu gazu
maisijumu uzkarsés lidz |oti augtai temperatarai (~100
miljoni °C

Ga

~ Z » mE@ergijas resursu
| sadalijums

100412

EraktisKineIerobeZOLSHZE| VielUid audZums AN EVEIdOjaS RSl tUMMICaS SET EKtaigaZeSRNEVEIAO)aSHIgINdZIVO) OSi nadioaktivieia tkri tiimi




www.cfi.lu.lv.

25 gadi parejas korporacijai uz tiro (clean) energiju:
solar, biomass,fuell cell, hydrogen, biogas,

and renewable energy markets association +
kodolenergija (bazes energija)

10.04.12.
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