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® Tritium
- The name is formed from the Greek word "tritos" meaning "third".

- Total steady state atmospheric and oceanic quantity produced
by cosmic radiation ~ 50 kg B,

htto://1hs2.lps. org/staff/sputnam,/chem_notes/Unit/l_Radioactivity. htm
htto.//www—pord.ucsd. edu/whp_atlas/pacific/maps/tritum/pac2600_tritium._final.jog

® Tritium production by heavy water reactors (HWR)
- Extracted from the coolant and moderator of HWR n+fH _>fH

- Tritium could also be produced by placing lithium into control and shim

rods of fission reactors.
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® Tritium

3 3 galt -, =
J—.He" +e +v,

n—>p +e +v,
Neutrino (“little neutral one” in Italian by Fermi):
First postulated in 1930 by Wolfgang Pauli to
e preserve conservation laws in beta decay
http://en.wikipedia.org/wiki/Neutrino
. ) &
Proton Deuteron Triton
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® Tritium

- Half life of 12.32 years with decay rate of 1.78x10°s!

= Releasing 18.6 keV of energy with 5.7 keV of an average kinetic
energy of electrons

= Nuclear activity (decay rate of 1 kg of tritium)

Aot — | AN _an ~AM, 1.78x10°s " x1kg
dt "oom, 5x107%"kg
_ 17
=3.56%10" Ba 1 Bg (becquerel): unit of radioacitivity (SI unit).
B 3.56x10" i activity of a quantity of radioactive material in
- 3.7x10% which one nucleus decays per second
~107Ci 1 Ci (curie): 3.7x101% decays per second (Bq)

~ activity of 1 g of the radium isotope 226Ra
studied by the Curies

5
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Tritium Export

e Total tritium to be received:
~ 29 kg due to tritium decay
— Decay rate: 5.47 %/year (Half life: 12.3 year)
e ITER Tritium Plant will be ready by 2016.
e Tritium available worldwide: ~ 20 kg (2006, Canada OPG) (+ Korea WTRF)
— ITER Tritium credit: $30M/kg
— Market value: $100M-$200M/kg (~12/g)
e Only one supplier for ITER written on the ITER documents now: Canada
e Canada OPG sells ~ 0.1 kg/year for other purposes.
e There is no other kg’s order civilian tritium source at all.
e WTRF can produce more than 0.7 kg/year from year 2006.
e We have Tritium and good reason to supply.
— Korea is a partner for ITER, Canada is not.
— Korea is to procure the Tritium Storage and Delivery System for ITER.

C. S. Kim, “Tritium Export Preparation for ITER Operation and Fusion Applications’,
May 25, 2006, NFR/




Tritium Fuel Dynamics (Hams Ch.14)
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Breeder

Li(n, “He)T  Pebble

(solid/gas interface where
adsorption/desorption occurs)

1) Intragranular diffusion
2) Grain boundary diffusion

3) Surface adsorption/
desorption

4) Pore diffusion
5) Purge flow convection

Purge gas composition:
He + 0.1% H,

Tritium release
composition:

T,, HT, T,0, HTO
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Tritium Fuel Dynamics (Hams Ch.14)

dN,
dt — F+t,c - F—t,c — Rdt — ft F+t,c —

Tritium decay neglected due to shorter time scale

R
R, =0 Steady state F, = %
t

f,: respective burn

Fast Tritium

t t Extraction (1., <<1/,)

N, =Ae ® +B=CR,z,|1-€ ™

Tritium in Blanket, N, ,(t
\

Periodic Batch
/WV’ .. .- Extraction

Time, t

dN fraction of tritium
L =F,,-F N N
= b~ Foip — A tb — €pNtp
dt
N
_ t.b 1 1
=GRy — — ANy —&Ny, < =—+A +g,
Ti b T, Ty
N
t.b
— Ct Rdt - . .
b L/ ———————— Slow Tritium
Extraction (1., >>1/A,)
Nt,b (O) — O Ry Cy/ %
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Tritium Fuel Dynamics (Hams Ch.14)
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Tritium Fuel Dynamics (Hams Ch.14)

Nt,x (0) = Nt,O :
N, =ce™™ + Ce ™ +c,
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http://ko.wikipedia.org/wiki/%ED%8C%8C%EC%9D%BC:Kernspaltung.gif
http://ko.wikipedia.org/wiki/%ED%8C%8C%EC%9D%BC:Kernspaltung.gif

A

K
jod

b

2. @0 CH

50

- Impurity production

- Atomic displacement

- lonization
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1) Impurity Production
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2) Atomic Displacement

- AL A /XA AXe| /K| O]lF. &, }IX|E O|s¢ &K=t
AX S H714, interstitial || X[0] HEAL 52 AAAR0|AM CHE &K}
QFo| LS |7 &l AKXt S8KE, 150 keV O| & 2| TXHO| olsf == 2l

«  Atomic displacement= EMdS &8 Sl == LAHHO| 2d 77[E 7|
(excitation)& HAl 28, & I FZ 222 H=g0 ofof &4,

O A7 2EE S Al ot @A H X = =TS 67 & E252
nuclei?tl| EHd S =0 AH|E) Exciting

- ErESE0 o5 AL *At= primary
knock-on. Interstitial, vacancy2t 2HH|
Frenkel pair 7+3.

O| X} displacementE Of7|S}7| = & X
- ZAg(vacancy, interstitial, Frenkel pairs, Incident @ Interstitial
Particl .
dislocation )2 O|XI 2 X}2| H|AM-S [} 2, article  prenkel pair (O Vacancy

o
NIEL, MeV/m, MeV-m?/kg: Tt?| Z0|E H|TE| eventsOf 2|3l &&= Of A X

(displacement damage= S=0{ 2ot O A X| &20] H[) .




2) Atomic Displacement

Interstitial A& Substitutional atom




2) Atomic Displacement

Slip Direction

S
& =
B = Q
w e o
O += .m
=258 D
=0 o
2.0 =
(VA ) (V)

Slip Planes

Edge and Screw Dislocation (%)

Stress states around an edge dislocation
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http://upload.wikimedia.org/wikipedia/commons/5/57/Vector_de_Burgers.PNG
http://upload.wikimedia.org/wikipedia/commons/5/57/Vector_de_Burgers.PNG

‘ 3) Ionization
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 Simulation Hierarchy
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International Fusion Materials
Irradiation Facility (IFMIF)

D+ Li—n+ Be

Accelerator Lithium Target Test Cell
(125mAx2) 25 mm thick, 15 m/s

LEBF HEBT

| T IR o ML

140mA D~

100 keV 5 Mel’ 145 26 40Mel

oo 1 ﬁ T ovsomme High  C20dpay,05D)

Medium (>1dpaly, 6 L)
Low (<l dpaly.>81L)

RF Power System
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International Fusion Materials
Irradiation Facility (IFMIF)

PIE: Post Irradiation Examination
RFQ: Radio Frequency Quadrupole
DT i g ac 3

Test modules inside
Test Cell
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International Fusion Materials
Irradlatlon Facullty (IFMIF)

‘Test modules inside

Test Cell

- $700M

Typlcal 7 v 6 7 6 4
Li(d,2n)’Be Li(d,n)’Be Li(n,T)%He

Beam footprint

Deuterons 40 MeV 2x125 mA 5%20 cm?2 L




International Fusion Materials
Irradiation Facility (IFMIF)

z%s:. FUSION RFQ (5MeV/D+130mA)

% FOR

2 EREIGY ®RFQ accelerator has 18 cavity modules.
®10-micron level precision is required.

Injector ®3sections (6modules) are under fabrication.
(lon source+LEBT)  @Vacuum test is planned in December.
(100 kev/D*140mA)
B B Injector SRF

L aCEA Saciay rra | 1 (9MeV/D*125mA)
A INFN Legnaro = i .

CIEMAT Madrid ~ CEA Saclay
o . CIEMAT Madrid e
HEBT

CIEMAT Madrid 'gp
B B Diagnostics

E CEA Saclay

ciemat maarid 1 MCryoplant

CIEMAT Madrid

CEASacidy Auxiliary System
SC< Mol Control system
Installation
QsT

CIEMAT Madrid
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International Fusion Materials
Irradiation Facility (IFMIF)

« IFMIF Target Area

Intersecting Deuteron Beams (DPA = Displacements per Atom)
(Total Power: 250 mA @ 30-40 Me\

Medium Fluence Module (1-20 dpafyr
Low Fluence Module (0.1-1 dpafyr

Specimen Capsules
High Fluence Modules (=20 dpafyr)
Target Area (50 mm x 200 mm)

Flowing Lithium Stream (25 mm thick at target)

30




Main Parameters of IFMIF Accelerator

Particle Type D+

Ion Injector 100 keV, 140 mA

RFQ 175 MHz, 8 MeV, 125 mA
DTL 175 MHz, 8-40 MeV, 125 mA
Number of Accelerators 2 (parallel operation)

Output Current 250 mA

Beam spot on Target 20 cm (horizontal) x 5 cm (vertical)
Output Energy 32, 36 or 40 MeV

Duty Factor Cw

Availability > 88%

Maintainability Hands on

Design Lifetime 40 years

31
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" Target Specification of IFMIF

* Lithium Target

Jet Thickness 0.025 m (for 40 MeV D)
Jet Width 0.26 m

Jet Velocity 15 m/s (range 10-20)
Inlet Temperature 250 °C

Outlet Temperature 300 °C

 Irradiation Volume (dpa in iron)

High Flux (> 20 dpa/fpy*) 0.5L
Medium Flux (1.0 to 20 dpa/fpy) 6L

Low Flux (0.1 to 1.0 dpa/fpy) 7.5L
Very Low Flux (0.01 to 0.1 dpa/fpy) > 100 L

* fpy = full power year

32
—




International Fusion Materials
Irradiation Facility (IFMIF)

« To simulate neutron field in the blanket (and possibly in other components)
of DEMO relevant devices using accelerator-based D+Li source based on
the similarity of nuclear responses (e.g. displacement damage production,
gas production) in the materials after irradiation

«  To be criticized by the small testing volume (~500 cm?3 for highest flux
area) and the high energy tail of neutron spectrum

« To apply Small Specimen Testing Technique (typical dimensions ~ mm in
thickness, ~ cm in length) to avoid excessive activation and overcome
smallness of volume

. Nuclear data above 20 MeV have an important role to provide the level of
proximity of the irradiation condition to the actual condition in DEMO.

33
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IFMIF

Irradiation ITER IFMIF IFMIF
Parameter HFTM MFTM

Total n-flux .1015 .1 014 - .1 014 -6).1014
(n/cm2s) 1.3-10 4:10 (4-10)-10 (2-6)-10
H production 1200 500 1000-1500 300-500
(appm/fpy)
He production 300 120 250-600 70-120
(appm/fpy)
Displacement
damage production 30 <2 20-55 7-10
(dpa/fpy)
H per dpa (appm/fpy) 40 45 40-50 30-50
He per dpa (appm/fpy) 10 11 10-12 8-14

- MCNPX calculations in Fe-alloys based on extended
nuclear data libraries & detailed geometry models

- HFTM: High Flux Test Module

- MFTM: Medium Flux Test Module

Strategy of Fusion Materials Development and the Intense Neutron Source IFMIF, A. Méslang 35
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" Fusion Testing Requirements

Required ITER
Neutron wall load > 1 MW/m? (0.57 MW/ m?2)
Neutron fluence > 6 MW-y/m2 | (0.1 MW-y/m?)
Long pulse > 1000 s (400 s)
Testing area/volume | > 10 m2/5 m3

« IFMIF only provides radiation damage effects

* For Blanket/PFC development, testing in
Non-fusion facilities (Lab. Exp. + fission reactors
+ Accel. n) and Fusion facilities

« Small size, low-fusion power DT plasma-based device
("Component Test Facility”) in which Fusion Nuclear
Technology experiments can be performed in fusion
environment.
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