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Abstract

The International Thermonuclear Experimental Reactor (ITER) project is a multiphased project,
at present proceeding under the auspices of the International Atomic Energy Agency according
to the terms of a four-party agreement between the European Atomic Energy Community, the
Government of Japan, the Government of the USA and the Government of Russia (“the
parties”). The project is based on the tokamak, a Russian invention which has been brought to
a high level of development and progress in all major fusion programs throughout the world.

The objective of ITER is to demonstrate the scientific and technological feasibility of fusion
energy for commercial energy production and to test technologies for a demonstration fusion
power plant. During the extended performance phase of ITER, it will demonstrate the
characteristics of a fusion power plant, producing more than 1500 MW of fusion power.

The objective of the engineering design activity (EDA) phase is to produce a detailed, complete
and fully integrated engineering design of ITER and all technical data necessary for the future
decision on the construction of ITER.

The ITER device will be a major step from present fusion experiments and will encompass all
the major elements required for a fusion reactor. It will also require the development and the
implementation of major new components and technologies.

The inside surface of the plasma containment chamber will be designed to withstand
temperature of up to 500 °C, although normal operating temperatures will be substantially
lower. Materials will have to be carefully chosen to withstand these temperatures, and a high
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neutron flux. In addition, other components of the device will be composed of state-of-the-art
metal alloys, ceramics and composites, many of which are now in the early stage of
development of testing.

The main systems of ITER are the superconducting magnet coils and their support, the vacuum
vessel and the shield-blanket, the heating and fueling systems, the cryostat, the power supplies
and the buildings.

During operation the ITER device will sustain a controlled fusion burn for periods of more than
1000 s. Numerous components, experimental packages and test modules will have to be
remotely installed and removed from the ITER device in order to test materials properties,
component characteristics and material lifetimes.

The status of the ITER design as of July 1994 is presented below.
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ITER: the first experimental fusion reactor 

P.- I"I. Rebut (for thc ITE R Joint Central Team and Home Teams) 
ITER s.", Di<l" J""" W"'* Sileo La Jt>ikJ. CA 92O.J? USA 

AMlnel 

The Intcrmltionlll Thermonuclear Ex perinlCnlal R"aclor ( ITER) I'roje<..1 i, ~ Illulti·pIlasnd pro)«:t, pr<=iC".lIly 
PI"O<.'o"."d;"1I under thc ausrm of the International Atomic Energy Agency acro.din. 10 llIe: terms of a four.party 
3i1«lUCnl btlWttn the European Alomic Energy Community. tile Government of Japan, the GOV'Cl1llTl<'nt of the 
Un itw Sun~ and tile Vo.-ernmef\t of the Ru$!-iJin FaJeralion. The projc<:1 is bued on the tokamak. a lI. U>liall 
in>eJl tion ... ·hieh has boo-n brou&il" 10 a hiJIb leve l of ~Iopmenl and pro,'CSS in all major fusion r'OKr.lms 
IhrouahOut the world, The obje<1ivt of ITER U 10 demonstrate Ihc k.irotific and tcchnologic:ll feasibilily o f fusion 
merty for wmm ... dal ''''''1,)' p.ooudion and 10 tl:$l too Icdulologin for a <klllOllllnihon foasion power planl. 
I)U.inl .JllenJaJ petfonnance operaton ITER .. ';11 he ClpII'* of producin, mon: tban 1000 MW (.I«tric) of fusion 
po ... r. an amouol of povo ..... \hI1 i. oompano;bk with one of I0d.0Y'1 electricity ~ti ... planlf. The objectivt of 
lhe Enginccrins llt:sijpl AC'1ivili .. (fDA) pha"" is 10 prodtICt lhe detailed. romplc1e, Ind fully inlqlllted m ginecring 
design of the to kamat and all technical data nw n!)' fOf lhe (;()RSlruction of ITER. 

"The ITER prc>jeu will he • major .1CJl from 1'....,01 fusioo a pcrimmtl and .. i ll ~ 1O\O"lnb a fusion 
rnetOf. It .. ,11 .Iso mjuirc the ~lopm<nL .nd implu.ltntaliop of major new c:omponCfiU and ICChnotopes. 'Thc 
inside su.ri"_ of the plMPIlI oootailmltm chamber ..-ill be dcsi&ncd to with"'-"" ttmperalura; of up to nearly 
5OO"C. although normal operaling Itmpml1U~ will be: IJlll$anlwly 10 ....... Malerials "ill It,'-e 10 be Q rd""lIy 
ch~ 10 .. , IIIsI.nd I~ lempcl"lluns .nd 1 hip """troo trill. In .ddilion. other componmu of the dev;a: .. ,u 
be comllii d of 5tate-.>f-lhe-afl metal aJmy., ~ramicJ and composites. many of " 'hic:h .re now in the: tarJy 1IIJie$ 
of ~lopment .nd lc:lliOj. The main S)':Ilems o f ITER are lhe SIIpcrcondiK.'linj ma&net coils Ind their IUppor!. 
"he "II<:UUm v~J lind lhe lh ield/bl.llnktt. Ln. bt:atio& fuc~ng Jy.lenll. the ayostat, tbe povo-er IOUrtt and 
lhe buildinp.. Durin, opcntion the IT ER ...,.,ioe " i ll lusuoin a oontrolled fusiort bum fOT periods of pelle. 'bap 
1000 I. Numn"OUI oomponcnLI. "'perimenll.l JlII;ChBQ, and tesl modules will ~'" 10 be remotely installed and 
mno~cd from the ITER (\cv;cc ;n ortltr 10 ICSI material>; proptTtics. componcot cbaractcristk:s and material 
lifcril1lCll. 

Thi. paper ",,·it .... lhe presmt ,Ia' u' of tbe ITER deoign. iu compon~nu and 1CChnolog;cs., 

I. Inl. o<IlI(l lo ... 

An outlin. design (0. In:R ha~ '-n dc\..,lopcd 
wh ich Jalisf"" lite Kgm:<! detailed I.cluneal. ~"'I 

"lfo"", ...... ,"'" SA 
SSI)/ 09 20·31%( 94)00339. 4 

and ""bcduic objecti"", of ITEM. . The p.eKflI ila",,", 
of th. ITER deoilln [lfovideo tile bois's for lIIe oo nlin
ood cngintlC'l'ing """il'l wo.I<, fo. focusing ITE R 
research and de""lopment. ~nd fO' otller .elaled 
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acli";licI within the ~ 0( the ITER EDA Agree

~" 

The C»'ff.IU objc:ctive of ITER, ~s dtfil>td in the 
ITER EOA Agrcclllnlt !I~ is 10 dmionSlrate the 
!cia:uil\c .lId technolop.;al f~ .. ibility of fw.ion energy 
f.,.. I ...... eful PIlrposG. ITER will demonst"'te 00 ... 
troilcd ip;lion and Clttendcd bum of <ku.torium-
tritium pb ....... with SI~8dy-.. att opcr&lion ~ an 
uhimMlt ...... 1. aMi ta:hn.olosies .,...,mial 10 • """'to!" 
in an inlegrilttd SYllcm, and will alw pcrfonn inte
grated tC'Sling of high helol /lUll and n""lear compo
nentA. 

Th. rnain ~h.ar1lCl.ristics and parameter, of th. 
out ~ne design for iTER follow from ito agrwi objo;:
livel . Two pha5O's (If oP<'r~\ion Ut nett"""ry: (1) 
the ba$ic perf(lmtanoe phase ",'hich focllle!l on ignition 
arKI ahOcia led pI'Iysict and lco:hnolo&ia<l questions: 
Mild (2) tl>c uhanct>d P<'tfomnnce phase which i~ 
needed 10 achi ...... the obje<:ti' "CS of Ihe tesling, primsr
ily 1"Iilll • prOlot)'Pl' blan k.t for a demonstration 
.....:tor . 

The ITER deuilcd lco:hnical objoccti"" include [21 : 
(i) pr<»'ilion of an induct;". pulse bt·top capo.bility, 

uoder illlitOO CO')fIditions. of approximau:1y 1000 s. For 
lC'Stin, p,micular blaoket designs.. pul!eS of IpprOIi_ 
INu:ly 2000 I are desirah'e; 

(ii) CIltl)'ing OUI 0( nuclear and high heat nu~ 00I'n

ponent testiol It conditions ...,levant to I fusion pooI'a 

I'QctOT. 1be Ivnaac nctIlroo .... 0 loading should he 
ahout 1 MW m ' ; the mach ine should tor dC'Signtd 10 
he ca~ble of at leut 1 MWI m- 1 10 carry oul Iooger 
I~ iotCJ1"llI and materills teSts; 

fi ii) dcsilllbiliiY of opel'lllin, al biJhcr n .... and 
lIutnoe I<\"1:ls. Within lhe miillCll:Tinl martins. the 
ITER dnigncn should tl.llrnine the implica tions and 
pouibilities of c:o.p!oili ... a wider f1lnlC of operational 
rqimca. The dcsiill of ptT'!lWltnt components of tbe 
machine should not precluok achiC'o'inl Openoc lev .... up 
t03 MWl m-'; 

(iY) in vioew of fleady-f1:lte operation a$ an ultimate 
goal. current (\rive CIlpability of the hc"~\ina .)"Stem 
req~ired for iillition in the first phil" of operation , 

ITf. R iI thc...,fon: I full ign,lion. high powt:r lok.
rruok produdng a nQmin:o.l fusion po..." of 1.5 GW for 
abou t 1000 •. In Iha t lens<:, ITER i~ truly a fu.iOll 
e~perim .... tal reactor. The OUlline d~ign incorporates 
... rely Ind ItoChnlaol """'siol co'n.lI .... t with thi. major 
flep in r",io-n po"',., development. 

T.bIt I 
PI j"cipol p&r.\I"'''IL," 0/" tho ITF.R "",ti ... _ C=:' "-___ _ 

F1IOi<lct --"' (_'10' 1) I.S (j W 
Bum time ( DOUUtt.aI) tOOO. 
I'\;u,ma """""" 24 lolA 
104 .... rodi .... (norrunal) l.l III 
PWma mi.- ndiu. ( ..... imunr) l .O., 
fJonptioo 1.$$ '" 
Oi\'<rt<rr C<XIllt;"" " 1OII Siop .ull 
TOfoida) field ( •• _id.t _ tWi •• ) S.1 T 
TOfoida\lidd npplt.t pial"'" «I,. :1:2% 

(mu;",,,,,,) 

---

3.1. Pri"dpai p"'Qm~ler3 

The principal p;<ramettB of th~ o utline dc~ilP' for 
ITER a..., Ii"'" io Table: I. 

The main r •• tu .... or tlte outline design Ire shown in 
cross~ion in Fil- I. lk n 'ER obj"",ives are ambi
tioui, but must be vitwtd in Ihe contcli of the 0>T",11 
ITER projoct wh.n oflCt'lion StHm ahout 12 )'tUJ 
from now. Therefore. the pcrfOlll'laIloe ;1 wltat may 
relsonably be .~p<eled in tbe field of fusion ~ltth I I 
thai tim<\. Ttoesoe objecti''''' eJltlllpo.lau: from results of 
equivalent bruk-even o;:ondilions pmct1 tly aduenlLl in 
the lil~ Operatinl tota,.,.a f3- SJ. lET [6] Ind 
TFTR (1). Thes.: tokamlk eJI.,..,.;mn.1S, the finllo use 
a deu!.riUOl - tritium fuel mixtu...,. ba>T .... "'.tinl 
multi-mtpwatt peak fusion povo'tn in b;,h 1'0" .... 
pulsn. H owt\'a. thne ODfldilionf; ha"~ only been 
aehie\-w transimtly 161 with MHO illsubilitics (suc;tr .. 
giant saYl1«th. Yliricb indua: ddnlpli0n5. and ~ical 
i""labililielt) Ind impurity inlluus 'hll limill'" better 
pctfOfl\\llnto: and IIcady-Mate operation required fOt a 
...:actor. 

In addition to beln, a major pbsmIt eJlperimntl. 
ITER is a Ihc:ononuck.r uperimtnt. To cosu..., ... fe 
operation, a v.ry hip level of """hIY and ""Ii.b~ily 
mllst be achievtd in the dC'S,," of ail wrnponcnts. 

Th. guiding principles fOliowN in the EDA afC: (i) 
to minimize the number of components; (ii) 10 simplify 
each component ..... illn; ( iii) 10 red""" the palh Ic-nglh 
of for=; (iY) 10 incrca&e tN: ""Ij ~bi';ty of k(')' ly'ICml; 
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