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= @ Fusion and fission work along the same principle
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A number of reactions are possible
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- Wl conditions to achieve the reaction
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conditions to achieve fusion reaction:

sufficiently high energy -> high enough temperature -> plasma state
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2 W What is a plasma : fourth state of matter

-L'Ei

Warm Hot Hotter
Solid (ice) Liquid (water) Gas (Steam) Plasma

Increasing Temperature

A plasma is electrically conducting and very reactive
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g Conditions to sustain reaction

 fission: reaction propagated by neutrons -> don’t loose them

« fusion: for the reaction to propagate,
conditions must be maintained

power must be large enough to compensate for the losses

n?2 <¢ (1) v> + external power

radiation losses n2 T2

convection and conduction nT I@

n (density) x t. (confinement time) > functionof T

Law$ORARREHUR)
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Temperature

Time

T. is a measure of how fast the plasma looses its energy

The loss rate is smallest, 1. largest
If the fusion plasma is big and well insulated
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Lawson Criterium
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nxrt.>f(T)
(external power = 0)

nxt.=>f(T,Q=P,J/P,.)
(external power = 0)

nxt>f(T)

sometimes
also transformed into

(taking into account temperature
dependence near minimum)

NXt.XT >1022 (m3s keV)
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How can a plasma be confined ?

Gravitational
Confinement Magnetic Confinement

Magnatic Fiald

hienas Ensrgy
Boams

Inertial .
Confinement |
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Magnetic confinement

Particles move freely along field lines: how stop the losses in that direction ?

two solutions

« pinching the field lines at the end
J@ﬂ D I\i@ -> reflection (“mirror”)
“‘\:‘-——““—a_____ff E___—_:f__; -> linear arrangement
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— « closing the field lines on themselves
-> toroidal confinement

. however: a pure toroidal field does not
work

. need a helical field

J.-M.Moterdasme Genesd ANP2003, Kyoto, September 18, 2003 2003.16.11



' A W *thefufutu re
I8 .-.':;l ﬁ:’ ’
r. \%}I.‘ v i = I

*synergy of
fission and fusion



i
I.rr:.}'::_!""
spEN

JET: the European Tokamak

* plasma * 60 m?

volume

* magn.
field.

* upto4T

* plasma

* up to 5 MA
current
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e A vacuum vessel octant
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= Ul The transformer yoke
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Inside of JET without and with plasma
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What has been achieved ?

» 16 MW

15

in a D-T plasma,

o

with 20 MW input
into the plasma

Fusion power (MW)

JET
iy, (18997)

th

total output : max 16 MW

,
O JGRT ST,

record (Q = 0.8) but
not yet self sustaining !
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How far are we on the road

to the sustained fusion conditions
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— We need a larger machine

&
BNEN

. for a sustained reaction: n 1. >f(T)

we need a larger confinement time

Temperature

thus . |
- better insulation -_ \\

- larger machine

how much larger ?
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= Ul Size from scaling laws
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ITER

estimated cost :
4 000 Million Euro

Ceniral
Solenoid
R (m) 6.2
a(m) 2
v, (m’) 850
i 1, (MA) 15(17)
- B, (T) 5.3
Polsidal Fisld 0.K 0.5, 1.85
Conls Dhivrtor
M&uhln;g;:rz L - Pu (MW] 40'90
P, (MW) 80+
P Q (P./P,) 10
person -
13.41.04 B, B, 2.5%, 0.7

ITER will be a nuclear machine: 1.5 x 10?° neutronsl/s
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s Status

* international negotiations for a choice of the site
- and the legal framework for setting up this enterprise
4 candidate sites
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Fermi Nobel Prize { radioactivity) 1938 : B i B iy Y
Flgson: Hahn, Meltner & Strassmannn :1 030 Totsy o f:“ﬂ; e “!""':_';;n”'g
Chicago Pile $ 1042 ' s
Atomic Bomb @ 1045
First US Nuclear Electricity *mn
First USSR Muclear Electricity ‘ 1954 More than 400
Commercial exploitation | H T T
1036 6 % of Total World Energy
Realisation that fusion powers the § 1920
stars (Eddington)
Reaction Rate Calculated (Bethe) ‘- 1838
Ware Pinch (Thoneman and Thomson) 1047
Thernonuaclear Bom b Test 1952
Geneva Conf. Declassification 1058
Bethe Nobel Prize @ 1067
T3 Resulis s 1062 1007 16 MW of Fusion Power
JET Joint Undertaking 1 keV temperature achieved —
JET- EFDA 20002005 - 7
ITER Contruction T 2004 - 2014
ITER Lita = 7 2014 -2030
Fusion Reactor I 7 2030 -
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| The Fusion Reactor

&

* areactor may or may not be based on the tokamak concept
— tokamak presently the best to achieve the fusion conditions
— other concepts may have advantages as reactors

* fusion has some definite positive points
— D and Li readily available and not geographically localized
— about 1 truck load necessary for a power plant
— reaction cannot run away (conditions, fuel inventory a few seconds)
— largest conceivable accident will not require evacuation
— no direct emissions (CO)
— final products of the reaction are not radioactive
— material will be activated by neutrons, but some choices possible
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: .. Choice of Material for Fusion
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;ﬂg Synergy of Fission and Fusion

* nuclear fusion is a nuclear process and you have the expertise

fission and fusion will only be accepted if public opinion becomes
more positive towards nuclear energy

for public acceptance: critical issue is waste management
long term fission requires reprocessing and breeders

fusion could in the long term take over from fission

* thus fission can work for the next decades
with a one through cycle and no reprocessing -> better acceptance
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To Remember
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*we are ready tq m:—.ike"_, e next s't'ep:'lTER

machine, we'ﬁrlll need your exlper"ien&e
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ITER will be a nu{_c'

*the prospect of fusmn as a long term energy option cnuld
influence positively the further development of fission
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