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Geoff Brumfiel investigates,

leen wewd carne last month that
a site had finally been chosen
for the mternational fusion
experiment  [TER,  Gerald

Mavrari] sumemed ug has feelings in a single
wired: “relied™ Mavratil, a plasma physicast ar
Ciolumbi University in SNew Yook and a mem-
beraf the US TTER team, had spentthe past 15
mienths on the siddines, watching helplesshras
France and [apan fought over which of them
wiithd host the machine.

As the batthe raged on, he had seen US sup-
et For thae prevsect sl only slap away: Bar sith
the location for the seactoe now fixed in
Cadarache, southern Franee, Maveanil i foding
e positivee “Thow that we have a dte, wiecan
fimally proceed im taking Lhe next step! he s

Fuson n.'u.a.rdlmﬁf:uhumm#ﬂ\'ill‘xml
the politics, The nuach-vaunted concept of
mimicking the Sun and penerating power
from muclear fusion has been an unfulfilled
promise for some S0vwears. Even to pet thas far,
researchers have had o overcome formidabde
tethmical and sesentifie barriers. But they lope
that TTER will ar ast prose to doubing politi-
cians and scentifie colleagues that nuclear
fusion is a vaable energy source. 1all goes well,
funding Freen [TE riternational partners

China, tlv'lh.lmrw\m 'I_,‘nwn,]nrun, South
Korea, Russia and the United States — could
e in place this winker, allowing construction
it heggin in 2006, and operation in 200G

[TER is designed to heat ledrogen to hun-
dreds of millions of degrees centigrade, and
then squece energy from the resulting
plasma, while halding st stahle for minies ata

time. Although mast fusion researchers agree

that the resctor wall probabby be abile to pener-
aite more power than it consumes, there are
sopie whe believe it may struggle to prodice
as mich energy a8 predicted, o wo bold the
plasria stahle for as long as hoped. “Like any
goaed scientific experiment, there's a chance
that it wanl work.' savs William Darland, 2
thesretical plnm researcher at the L.'nnmxir!'
of Marand in College Park.
et TTER is not just any scientific experi
merit. With constriction costs of LTS35.5 bil-
lion, it will be one of the most expensive
schentifie faeilitses ¢ver built on Earth, “TTER
i

Richard Hazelting, a plasma physicist at the
University of Texas at Austin and head of the
Fuson Energy Sciences Advisory Commattes
tor the LIS Department of Energy.

Collisicn course

Fusion is a sample sdea that is hard toachieve
in practice. Unlike fission, which penerates
iy Froen the dicay of heavy atomie nucle,
fusson ewcenrs when lightweight nueles, veually
froan bydrogen, eollide with each other and
fuse together b form a new elemen, typically
helivm. Thase eollisions are difficult
orchestrate berause the positively charged

“Fusion science is on the edge of
vamishing — we need to go ahead

and turn this damn thlngon.
ara H:

rucled st overcome thear natural repulsion. 2
Thas only occurs when they are moving very 2
it or are packed dosely together. In other =
wiords, you need a very hat, dense plasima o 2
achbeve fusion power. :

The rearest natural source of fusson energy £
i the Sun. Within 15 core, gravay pulls posi- ]
tively charged udrogen nucle together until =
dh"u |:l-|:rrn:~hr|rc'neu);h and dense enouph
fuse into helium. Bug here on Farth, mire
imvengre sofutions are needed.

Shortly after the Second Waorld War, soien-
tisn i thee Uritied Stares and Russia began o
wirk o miachanes thar maght be able w heat
ard pressurize hydrogen by squeszing the
atems within strong magnetic fidds. Scientasts
experimented with many different machines,
each with their own advantages and quirks,
beat by the 199k their search had narrowed
towards a single design: the inkamak

Developed by Russian plisicists Andres
Sakharon and Igor Tarm, the tobanak is a
dowgghnue-shaped machine that uses a series of
cwverlapping magnete fielids o hold a hot, dense
plasma within the resctor walls (see graplac).
Througheus the 1970, 1okamak sschnology
advanced rapidly, leading mary o h:li.:\l‘:“i‘[
conddl be fashioned inta a prototype poser plant
Iy thie seart o this ceneury. i

Thse predictions proved to be too op
mistic. The encrgetic hydrogen gas thar
tokeamaks were meant to contain defied con-
finenent by Lealting oue of it magnetic shack-
les. Researchers found themsehees bartling
poordy understoad plasma instabalimes and
turhulence, and made dow progress. Bven
taclay emly eme machine, the [T-60 tobamakn

ITER'S TOKAMAK — TOO HOT TO HANDLE

Fugion seienl 518 oflen describe e job ol conlaining 3 hol plisma

In maegnet i fields 25 akin Lo halding je! b using rubber bands

e plasmain | TER's cone

hdﬁ
I acktion 1o the solenc
ITER wil useectemral mdo
WS 3l m Toeeves (0
st gt plzzama 1 moe than
Wl chagrines il prache.

Divester

Tha: diverter absorte il Fal sm
alkormia lrom the fusion readlion.
I rringd Bee bl ) wilheLired
s bemperaluses and High
level s of radd ston.

Maka, Japan, has begun o approach the
“hreak-even poant’ at which as much energy
e ol of the device as goes into it
Meverthekes, when TTER veas first progosed
ir 1935, the tobamak design was the obvious
chaice, sys Roberto Andreani, who directs
the technical elforts af the Furopean Fusson
TJ..'\.'\.'Inrmrnt A;n.'um.:nr in Garrhing, e
miany. “Trs all the pears that we have studied
fusion, T wouald say that the tolamak has been
the most reliahle)” he says “It i the onby rea-
sonable dhodee for [TER”

Fuel for
TTER anibinous goal is w hold its ydrogen
fuel {2 mixture of deuterivim ane tritivm, e
antapes of hydropen) tightly for between
seven and filteen minutes, whale heating it 1
miorethan | million degrees centigrade and
squieezing, ot about 500 megaveatis of energy.
The cursent wrald record fora sustaimed high-
temperatuse, high-pressure plasma, held by
the [T-60, is 24 seconds. To reach its goals,
TTER wall use supereonducting magnets 25%
stronger tham thase m the Japanese machine,
and a hast of external beating technigues.
I'TERs sther main advantape wall be its e,
says Haymiond Fonck o the University of Was-
cansin at Madison, n member of the TTER
dlesign team. Put simply, the more space a hoe
plasimna bas o poam, the beter ivvall behave,
Fonck explains, With an outer rading of 5.2
retres and a plasma volume of &40 ', [TER
il T Do a8 b avs e previoas tobanak,
But ewen with its hagh magnetie fields and
enormos sz, Lhe machine faces some seri-

s challenges, says Dodand. Unlike previous

machines, ITER is designed to release more
energy than it takes in, he says. In the pase,
rescarchers bave Been able to control the
plasnia teperamare sinaply by pirning down
the heat. But if I TER succeeds, the plasma sall
burn under the power of its own fusion reac-
tions, anxd that means researchers will kave
bearn how to nump:tln:pnuu:reulqmr “The
narme of the gamieis tohold a ot of encrgyints.
lmllplwandL’rirmtinzrﬂntﬂ'“- tash
iom, and that's not easy” he says,

Instof the energy rd.caicdbvl'l'.ﬁlmll b

* miaterials, the hgane

Today's Way To Read Publicatin::ns--Dig,it_all_y.or - Microsoft Internet Explorer

NEWS FEATURE

Sl

A sypermondcting e al e
eznire of the machine, the solenoid
s b mzh| e the plesma ard

I imust be e ol materals
it carv sl b gh el
ul rachiation,

Plasma
Merst [kely coreising
Muunaﬂlri;uﬂlh
ol suspargierd within the
weacior s | rebsss up ga e
{irme=s the amouni of snerpy
It hanrbe.

L

in the forrn of fast- moving neutrons, which will
irradaate the beryllium-coated banket aur-
ot the plasma. Hot helivm aton, the
ather bi-prowduct of fusion reactions, wall be
capiured mainly by the diverter, a carbon-
enatterd structure sitting at the hottoen af the
tokarnale. Nt everyone agrees that beryllivm

used im military armour — arsd carbson are
suited 1o handling the intense heat and radia
ﬂnnl‘hat'I'I'I‘.'Rwilln-im'..n'luxkli\.'mril.'l'lmg
sten i the likedy candsdate to replace hoth ina.
demansteation power plant to be huile after
ITER. Tovaid the search for bemer strucmral
iy bl - besting Faeil-
ity (see Matersal gains in the east, overlear).

AL game poant, 2 commiercaal fusion reactor
will need to find a way to use the excess heat
that is generated. Although ITER is not
designed to do this, futune machines will be

cted] b produce useful energy, Most likeby,
Tigquad condants will be wnsed tocool the blanket
and divertes, and the hot coslant leaving the
reactor will be used to heat water, which in
tuen will drive st turbines.

A bag uncertainty with TTERS design is the
pralifertion al bedim nside the reactor, Pre-
vios tolamak experiments have produced
small ammmts al fusiom, and o srall amouns
of helium and newtrans, But this time, 1TER
will fill with substantially more hiet helium,
and how that will interact with the rest of
the plassva could he unpredictable, savs Stewe-
art Prager of the University of Wisconsin and
another U5 plivsscast.on the [TER design e

Making plansciormer French prisee minister Jean-
Plesre Raftarin gets a tour of ITER at Cadarache,
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Improved models of plasma

. Beburdiour bave provided

-y ape that | TER will werk.

The rescarchers also worry about the walls
accumwilating ton nuch radhaactive eritium, on
which there are strict limies for safety reasons.

Ttinquestinns like these that cansed [TER b
scale hack is original plan. The machine waz
inirially slaved to be twiee as big agaan, capalde
o bobd ing burning bordregen for several boars
ata tim and rebasing some 1500 megawams
of power. Bal gevernaments were uneasy about
the projected costs, and that, wogether with
techmical uncertainties mised by Darland and
athers, caused a redesign with more mndest
grals and a smaller price tag,

Some of the technical concerns resulted
fromn numerical simulataons of plasma turba-

lence, which have greatly improved over the
ten years. Tt HnCeTHinty rermains ahout
hnr‘rheumi&tdﬁwplnmwillhgm
Dorland, and this will ultimately affect o
wiell ITER functions

Heated debate

Partly because of better modelling, most
resgarchers agree that the smaller, cheaper
I[TER ean he made to wiork “In Furope we'ne
optimistic about the future of fusion.” says
Diavid Ward, a plasma physicist whe studies
the economics of fusion for the United King
dorn Atormee Energy Authority in Culharn
near Cefond. “But the big step will be going

from where we ane to TTER” Ward says that
the resctorwill provide definitive proof of the
value of fisson power, a1 well as offering tech-
nical infornarion about hew to busld 4 firs-
gereration comimercial reaetns

Diorland agrees, with one caveat: 1 think
that ITER will works, Init I'm willing 1o bet you
1M that another fusion device will get more
perwcer oait before it does,” he says, There are
perhaps half-a-dozen designs that might catch
upwith tokamaks, but the most impressive tn
dhare, he saye, s a variation of the tokamak
callled the spherical torus. This more dosdy
resernhles a pitted apple than a doughiu, o
shiape that allises it toereatea sharp boundary
besween the hee bydrogen plasma and the
outer wall of the reactor and squeese the
plasma more tightly. Such a desi m;ghr
achiewe a burning fusion reactiom with kess fuss
than the mare cumbersome tolamal, he says.

Ewven s, those who have been in the fusion
bansaness a bong time helieve that it s better to
an abead with ITER than o hope another
deviee wall ger there first, says Hazeltine.
Decades of promices and billsons in moest-
ment have left mternational fusen research
in what he descriles as a fragile condition.
“Fusiom science isom the edge o vanishing:’ he
says. 1 think we need &0 go ahead and turn

this damn thing on.” [ ]

Geaff Bramfielis Nature's Washington
physical sciences comespondent,
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Material gains in the east

Weith Europe pliughing all o its
Tesian funds inin the ITER
sxperiment in France, the Japaness:
husion communi ]
the lead in severl sunperting
projects. kapar could balid faclites
related Lo materialsieciing,
upgrade its ST-40 tnkamak
[ pi c e} for new plesmes
experiments, and hosl 3 design
earitre for DIER Y the
demainsirstion power plant thet
wil fnlkrw in ITER s wake.

Hotsble amang thess candidals
projects is the Iternational Fusion
Matesials rmdiation Facility
EIFRAIFY. This weald aim to werify
wheiherkey siruciual materials,
Incheding the Hanket (see graphic),
e withstend the cnslaught of
high-enargy neutrens that a bision
reactar’s plasma wlil thmw at
e, IFRARE ] rigjuive e
particle accelerator bo generale
neutronzwith energies of sbaut
14 mega-alectraneais and a1
Intarisities orders of magninsde
higher than existing sourses

The abiliyafmaterialsin
wilkstand the high-enargy
nuut s craatedby ITER and
[EMD bas never been tested 2t

such high Intereties, ord the FRF
mperimenis are escendial io prove
#n salety regulators that these
machmes will survive such evireme
enndiinns, says Yoskikamns
Dhumara, 2 fusion scientist at the
lapan Atamic Erwrgy Reseanch
Irstiute CIAERIE i Haka. "l the
mament, we just dent bave any
elata " e sy

Highrenergy neutrans can
dmplace sloms fram theirpositians
in ik struciural materalsand
eventuz Iy weaken tham. ITER (=
designed In sxperience short-term
pulses.al the fusion reactions, 5o
structural domage shouldibe minor.
Iy DEM DL, which weanu b rresee] b
opeabe continuoushy for yeers,
#he acoumu ated toll of these
destabilizirg neutrons i likelyto be
minre than 3G times what (it wll be
tar ITER

The curent choice lor ITERS
main struchume is slainless sieel,
abmrias DEM D may uss 3 heal
resistant Territkc steel, which will
mrcture radiaticn more readily But
as fusinnscientisls aim for higher
efficiency — and sohigher
i el e s = naw malerias,
siuch 25 slicon carbide, might be

needed. “Every counlry bas s own
wiew con how 1o balonce =lliciency
with Saluty” 23y Hideyuki Takals,
deputy director of INER s fusion-
tmehned gy d
Butai ¥310 kil

fan
inr (LISS3.6
folllicn] forthe Ac-year project —
roughly one guerier of I TER's price
1ag — & & ratcamain whether
IFRAIF il exeer be buill nor
el il would be in Lagan, says
Takatsu. (her [TER pariners. such
24 Brilain, ore keen {0 hoat IFMIF
znd wihseme sxpressing
frustration at the {inanclal deal

secured by the Lapanese for Rs
fuslire role in I TER (se= Matue 435,
TA2=N43; J5), the regaliatiaons
ouer IFMIF could becoame

fracticans.

Bul the [acilRy is needed 1oghe a
beeost Lo malerizls soence, a feld
that marey lusion researchers say
has been neglected. “Matenals
researchhas had cnly shout 1-23%
od e Nusion budgel.” siys Hidek]
Matsula matesials sclentisl zl
Tohoku University, “Thers's been
animbalance

Duavvid Cyranomii
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