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Introduction

Dwver the next three 1o five years, lhe Ulfice of Fusion Energy Scionces

will pursue collaborative fusion research worldwide. . The approach to all .
of these collaborations excapt the International Thermonueciear
Expermental Aeactor aclivities, will be bhased on the Stralegic Plan for
[nternational Collaboralions in Fusign Scienge ang Technalogy Researgh.
Tha L.5. stralegy {or pursuing ITER is contained in the letter from Johoo
Sheffield to Martha Krebs dated Oclober 21, 1997, Both of these
stralegies support the gverall Unned States fusion’ program sirategy
described in the Strategic Plan for the Reslructured Fysion Enemy

Sciences F’rggram {DOQE/ER-06BS, August 1996],

The technical oplions considered in developing the Stralegic Plan for
inlemational Colfaborations in Fugion Sclencugg_mwﬂ;ﬂ
were ganerated by the ad hoc Working Group on intamational
Colfaborations, chaired by Dr. N. Saulhoff of the Princeton Plasma Physics
Laboratery. Thest technical aptions are presented in the Wﬂ-rhmg gqroup's
reporl Technical Oppordunities for Infernational Cﬂ“ﬂ_tl_ﬂtﬂll_ﬂnﬁ__m Iljg 5.
Fusion FProgram {Navember 18997).

The Strategic Plan Tor Inlerpatichal Collaborations in Fusion Science and

Technology _Besearch, the Strategic Plan for the Restructyred Fusion

Enasrgy Sciences Program, and the Techpical Opporunities” for

Interpational Callaboralions by _the LS, Fusion Program are avallable on
the Wodd Wide Wel at the ollowing address:

http:ffwwwale er.doe.gov/More_HTML/Fusion DQOoes htm!

‘A draft version of this document was revieawed by the Fuzion Energ!,;r'
Sciences Advisory Committee (FESACZ) and the recommendations of the
committee have been incorporated into this document. The report of the |
FESAC review and the Sheffield to- Krebs [etter mentioned above are
available on the Wofld Wide Web at the 1ollowing address:

http:/ffwwwalo ,nr,daﬂ.gﬁv!f-‘lme_- HTML/*ESAC CHARG ES__HE paris. hhnol



Executive Summary

The. United States Government has emplayed internationa 'qﬂllébnrati:::ns
as 2 key stralegic element in magnelic fusion energy research since ihe
prograrm was declassified in 1958, The Uniled States has been a leader in
establishing and fostering collaborations that -have involved scienlific and.
techhulngic’al axchanges and joint work at fusion facilities in the L.S. and.
worldwide. ' Intemalional collaboralions have played a similar mle i
memal fusion energy research scince its tnceptmn

Intemational collaborafions. are a tool that aI!I-:-wS us to meet fugln.::n
program goals in the most effective way possible. . The strategg,.r for
Empluymg un'ternatmnal mll:abnratmns u‘unng the next three years is 1o:

fdentlfy snd make use of nppnr!unfﬁes to have u.s.
scfentists and engineers foln with their counlerparts in
other countries to carry ouf research that vses the unigue
worfdwide capabilitles of fusion rescarchers. and {fusion
facitities to achieve fusion program qoals. '

The Key elemenls supporting this strategy for the next three to five years
are shown below, grouped into three research areas.

(1} Burning plasma physics and tokamak perfnrmance'

* seek to discuss with the Joint BEuropean Tarus {.JET}
authorities the possibilily 1hat the U.5. could becomc a major
collabicralers on JET, the only existing fusion facility with
advanced performance capabilities that can operate wilh
prololypic fusion powerplant fuoels, Deuterium and - Trilium

= pursue gavelopment ol an aclive collaberation on the. physics
of energy confinement and transport barrier formation on
JT-GOU, a flexible Japanese tokamak facility wilh equivalent
break-even performance capahility, .

= promole intecrnational topical collaborations in the areas of



size sc:almg power and parm:le contral and [ong pulsa
~aperation. ) .

{2 lnnuvati\re cnnéept develnpment

.= -estallish a program of international cﬂllabnfatjﬂn$ on spharical
tori, including inviting international parhmpatmn on tha Natmna{
Spherical Tarus Experiment in the U. S

- pursue opporunities far cn'ﬁlabnratinn on stellarztors through
participatlicn in the Large Flehcal Dewvice program in Japan ahd the .
Wendelstem pr-:]gram in Germany - :

= expand bilataral cnllal:rmahuns it lnertizl Fusion Energy (IFE), and-
explore the incorporation of IFE issoes into the fusion ensrgy
aclivities al the Intemationat Energy Agency.

{(3) Fusion technology and materials development:
* seek to deploy U.5. technologies on worldwide fusion experiments
to access tes) condilions unavailshle domastically, particularly
on scientific issues refaled 1o long pI..IlEEfﬁtEEd}f stale operalion,.

high power densities, and reliability.

= pursue the conduct of joinl development work on the hkey
feasibilily issves for fusion rochnologies and materials, such as
neutron frradiation eflects, using -umigue fusion facililies
wotldwide. '

In addilion. 1o he colaborative elforts that will arise from tha key
strateqic elements, the Depantment will continue o support porsonnel
axchanges amd parhcapalion o joint cxperimental and thegratical
research in a wide range of areas. The Department will alsc seek to -
promote the use of expert groups on key scieniific and technulngi'cal_
issucs facing fusion, building on the succass of the tnlernational
Thernmunuclear Experimental Aeadlor (TER) Physics EIpEart Groups and

other less formal iolernational gQroups. _
The intermationg] collalbamabions shidlegy wias pntially develaped



assuming that iTER will enter a \hree 1o live vear fong Transition
FPhase in July 1588. Once the key elements of the siratagy werg
identified, the assumpticn was re-examined. Upon re-examinatiod, . it
has bean determined that, while the overall U.S. fusion program would
¢ severely allected. lhe key i1cchnicaily-based sirategic alementa of
international collaboralion would be insensilive 1o the essumptian
about ITER. :



Table of Contents ..

Int rndﬂcti-ﬂn.
Executive Summary
Mission )

:Guiding Principles

Bituation Analysis

Strategy-Burning Plasmas and Tokamak Performance
Strategy-Innovative Concepls Development

Strategy-Fusion Technolagy

i0

12

14

S



Mission

The mtgmatmna‘r activities underaken by the LI = fusmn energy
- sclences program suppornt lhe overall program straleny as describad in

the Strateqic Plan for the Hestructpred U1LS. Fusios Eng:gy 55 ENces
Erogram, (DOE/ER-0884, August, 1596),

The mission of the fusion energy sciences program is di

Advanpce plasma science, fusion sglence, and. fusion
technology — ihe knowiedge base needed for an
economically and Enwrﬂnmenrany altraciive fusmn
energy  source -

The pdlicv gnals. thal suppod this mission are:

-understanding fhe physics of pfasma, the fourth stale
of matter ) '

-identifylng and expioring -innovetive and cost-effeciive
developrment paths lo fusien energy

- exploring the science and technology of onergy
praducing plasmas, rhe next frontier In fusion research,
a5 a parlner in an international affort



Guiding Principies

The genera pﬁncip'les_ thal have guided ithe development of the
international collaborations strateqy are summarized bealow. .

* The pereelved urgency of the energy goal d:ffers amang
the countries funding fusion research.
However., the carmmaon geal of ali of the ‘worldwide fusion
programs corlinues 10 be achivving praclical fusion energy in
the most effectiva WAy pﬂE‘.SleE :

+ International c¢onsideratiens are a fundamental part of
the owverali ratlonale for fusien energy development,
The develocpment of fusion as a practical energy source is

medivaied by global energy and environmental issugs as well -

as national concems regarding epergy aecunly and aconomic
competdiveness. : :

+« International c¢oliakaoration brings fogether the best
woridwide intellectual and facility capabliitles
The develnpment ¢f fusion energy is 2 complex scieatific and
technalogical challenge involving subslantial commitments of
rescurces, wilh the commerctatizalion phave decades away.

* Inlernalienal c¢oliaborative cofforis are a necessary,
integral parl of and coniribute directly 1o the . program,
Such efforts have been a part of tha U8, pragram slnce its
early days and 1hey are a part of essentially overy Gompﬂl‘lﬁnt
ol lhe program foday.

= internalicnal collaboratlon, taken as a whole, shbuld
allow oach parilclpant 1o faltill ita own abjeciives,
For the 0.5, intemalional activiting should be suppartive of
the stralegy of our science-focuscd Fusion Energy Seclgnces
Program.  We, in tarn, should undcrslﬂnd the neods of r:u.u'
pariners and thoir energy-locoesed prugrams



+ .The most pmdu{:tlwe coilabarations - occur when all

. parties “bring sﬂmethmg io the fable”.
Succesalts cmlahnrauans by LS, . soientiats on devices
wc:rldwmle oflen m::lur:la cantributions. of hardwam anr:l peaple.

* The development of effective ang: pruﬂuctive
International collaborations -is based on mutual
understanding &and trust. .

Such relationships are facilitated by stabls natlnnal
r:nrﬂrnltments and funding.

« Breadth in teéchnical collaboratiahs (s an’ advantage and
‘should be maintained.
Iriternational “collaborative activities ha'ue coversd man‘f
topical areas {plasma theory and experiments, technology
development, malerials research and design studies) using . a
wide variety of metheds (personnel exchanges wurkshups
joint experiments, commaon planma‘rg Etc} :

« The 'U,5. strategy for international colinboration - shoutd
give priority to those areas where such: nnllabnratiuns
are judged assentlzl to meet WE. program goals,

with the prescrnt and projected resources, it /s not possible . to
‘have a sland-alene U.5. fusion program, nor is it possible lor
the U.5. 1o be 2 majer panicipant in evary international
collaborative efforl,  Those sclentific and technological arcas
wherein the U.5. could make itz slronpest coniributions, both
in lcading and supporting rfes, EhDLII-Ll be ||:Ient|l’u=d and
pur"ued

= The application of slate-of-lhe-art Infermation
Adechnologiet will greatly facililate future 'Intarnatinnal
- eollaborations. : : '
International collabarations like fuamn research wlll haip
drive us woll as benelit from theveloprents in Infermation
technology through expanded use ol remotc operations, data
storage  and transmission, telecommunicalions, alc,
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Situation Analysis

Most of the world's {usion research is funded by the European Union
(EU), and the goveinments of Japan (JA), the Russian Fedaration (RF).
and the United States. Smaller, bt :ncreas:ngly significant fusion
programs are funded by Ganada, China, india, and the Aspublic of I{nrea
Cther countries funding . fusion research acthvities include  Australia,
Argenting, Brazil, the Gzech Aepublic, Egvpt, U.’r-:ralna Kazakhsian '

- Mexica, F‘ﬂ]and Sauth Afru;a ﬁnd Tudfey

The yeari].r fundmg f-:br U.5. fusion program was recluc:ecl 4!3% between _
fiscal years 1995 and 1997, Bebween fiscal years 1977 and 1998, the’
1.8, fusion budget was reduced 70% in realterms, in conirast, funding
for the Eurcpean and the Japanese fusion programs hag significantly
increased during that sams period. In fiscal year 1997, the EU spent
_neardy three times the amount.spent by the United Etalte's for fusion
. research, while we estimats that the JEIPEI.HE$E prugrarn spent Elth.!t
" twica as much as the UI'I-IIE'.d Stateﬂ

A cnnaequenc:r:! of the continugus reducimr‘l i, the L. E fusmn budget has
Lheen the inability of the U.5. fusion program to make’”’ mveslrnents in
majar new experimantal facilities. .In contrast, the EL and Japari ‘have .
continued m design and build sush rew- EuEmn cxr.’:crlments

In 1995 1he Cungraas instructed the Depar’:merﬂ ﬂi Energ'g,r to
restructure the UW.8. fusion program (o he consistent with the.
expeclation- that, wilh lhe reduced urgency for new energy Ecll.rrce'-:. In
the [1.5, budgets will remain tiat lor the foreseeable future, | Thus,. the
U.5. is no longer- D‘LI:I'ELIII'IQ fusion as a goal-ardenled energy iechnniugy
. devalopmert -program.” A new slrategic plén for ihe fusion - energy
sciences. program has been developed with new pragram goals thal

Y muppert plasma science research, Pmph’ﬁl?e the impartance -of
exploring ’ innavative - solutions to- technical issues, reinvigorate the
search for alternative coneepts 1o, the cnnventlﬂnal tokamak, an::l .

- recognize -the. need 1o pursue ‘research on the scientific and -
iechnolagical foundations for E*E-DI‘I:GFI"IIEELH}" and EHUIFDI‘II’I’IEHTEI"'_I.-"
attraclive fusicn energy powerplants throungh international



¢ollaboralion.

Taken togethar, the decl:nnng budget ard the. program restructunng
have resulted. in an increasing 1.5, need to participate in mtematmnai
_gollaborations to achisve alir fusion goals cost-sffectively, help -
maintain technical breadth in the proegram, and provide access to
existing capital facilies for which we do nol have counterpars, and
ta future major capital facilities that we could nol cunstru,ct

independeantly.

With energy situalions perceived difierently than in the ‘Uniled States,
the EL and Japan are- continuing thetr goal- criented- fusten Energy
development pragrams, The long term goal of these pmgrams 5 tu
'prnduca d prmmype fLsien: power plant.

While both the Eur"r.‘rpEHn and the Japanese programs are pursuing the
tokamak as the basis for an engineenng tesl reactor, they are pursuing
altamatwe cancepts to the lokamak for possible use in thair

demenstration powerplants,

Mure information about the worldwide fusion programs is cnntaineﬂ_ in
he report of the Working Group on Intemational Collaberations on the
World Wide Web at {he address shown on Page 2.



Strétégf.—.ﬂ-ilrn.in'g Plasma and Tokamak Performance

The iokamak is presently lhe most advanced energy cortainment -
canfiguration baing pursued by the maghetic fusion energy sCiances -
program. Worldwide there are a number of ongeing tokamak experiments
with a wide variety of designs and capabilities. The largest famlmes
are JET, in Europe, which is mow the only fusion device in the world

that can operate with & deuteriumftitium {D-T} fuel mixture to
produce enargy, and JT-60U, in Japan, which has performance
capabilities comparahble o JET. without irikum. Wuth the shut down of
the Tokamak Fusion Test Reactor facility, the U.S. has no fuﬁmn
experiment that Is cnmparabie in size or performance 1o erthl:r JET or
K JT EﬂU ' : -

Internaﬂunﬂl collaborations that make use of the unigue E-Etpﬂb”ltlEE {:f
JET and JT-60U offer an avenue for achiewing.important scientific |
goals of 1the U.5. Tuzian prugram wulhm the hm:ted fundmg avallable

A scentific goal of ‘the JET and JT-60U ecollzborations wuuid be to

. complement the ongoing experimental pragrams at the two LRS. tokamak
facikties, DW-D and C-MOD, in trying to understand and gontrol
piasmas.  These cgllabgrations will provide valuable scientific
information crtical to the design and prc:-]ectmn$ of the perlormance
of 'ITER, which is the principle rationals for these tacilities.

The U.8. will é’eek to:

» discuss 1.-.'|1h JET authoritics the pﬂaslblllty that the U.S. could
build on our current cooperation io become a major collaborator
in the' JET experiment. These discussions will mzke clear that
the ULS. would like not anly to suppoe scientiziz. and engineers,
both at the JET site and possibly at remote sites,. but also 19
fabricale and. deliver hardware to the expernmental site, as
-appropdate. The U.S5. could patentially contribute hardware in the
areas of daagnﬂstlcs and auxiliary -heafing, in lhe form of
additional noutral beams ar mere efficient antennas for radio

L]



Arequency heating. Remote operation of JET from the-U.5. would
‘atso be an ubjsctive of this collaboration.  Such remote operation
would demonsirate a capability for remole operation of ITER.

* implement on JT-60U diagnostic technigues that have played an
imporant rale in the developrnent. af theoretical models of enarngy
containmenl.  Their implementation on JT-60U would be a critical
elemant in tryfng to establish the physics basis of :nnﬁnﬂment in
JT EDU erpenments

- continug the Actve coellzboration between DII-D- and - JT-600U on
the influence of plasma shape on énnfi_nerneni.

« propose to the inlernalional community the establishmenl of
ImMernastional Topleal Collabeoraticns on key scientific and
technoloqy issues. These topical collaborations would typically
involve multiple experiments wortdwide and would act as

_catalysts in the international fusion community for kddressing
kay seientific issues. Examples of issues thal could be addressed
" are the scaling of anergy confinoment with maghine ciza, tha
design of divertors lor suppression of impurities and the
elficient removal ol ash, and the contral of plasma dynamics
durlng strady-stats opearation,

Technical infurnlaiiﬂrﬁ suppating he recermenendations aﬁnve £an be
found in {he report of the Warking Group on inlemational Collaborations
on the Warld Wide Web at the address shown on Page 2,



_Efrﬁfegj.?;lnnﬂﬁati#e l.;:n_n'-_:.ep_t_ -;D:velqpmént'

-

The development of jnnovative concepls has become an imporiant parn -
. of the 11.5. fusion program strategy. Several of the innovative concepts
undar investigation within .the U.S.are also baing pursued by paries
that have investad in larga facifities aimed at -exlending plasma
performance beyund what can be achleved in U.G, faGIIIIIEE
Collaboration with Ihese proqrams would allpw .us to assess the
viability, influerice the deve]ﬂpment and test |daas tur further
lmpmwemem ﬂf thess tondepts. '

Tha LI S. prﬂgram dueq nol, hg,.f H=etf, have the resources to bring any -
mncwatwe Concep! frﬂm initial. conceptien _to ks ultimate embodimen
as a. fuﬁu:rr) powerplant. Hence, U.35.. participation in the ultimate
.development of any innovative concept will depend both on positive
resulis from lhat:concept's development program, and on the fommalion”
of intemational pannersmps to complete proof- n::i~pen'nrrnance and
‘D-T Burning E.‘-v:pEl‘lﬂ‘lEl‘llE Some innovafive concepls already have broad
international support (&.q,, .slellaralors, . spherical tor, and reverse
field pinches). For these coneepts, an’ imporlant geal of the
collaborations is to maximize the scienlific benefit o 1he prngrama of
the participants, and to begin bullding lhe scienlific' and technical
‘parinerships that will be required for the U.5. progeam to participate in
carrying thess concepts foward their powerplant embodiment.  For
nther concepls (e&.0., spheromaks, flaid reversed configurations, and
magnretic dipoles) the internaticnal effort is small.  Positive technical
results: from U.S. efforts to develsp these concepts will ba used to
interest prospective international panners in joining uws in the further
development of Ihese concepts.. . o

Innovative cenfinement concepls in which the U.S. Wil seek or continue
‘international collaborations include spherical tod, slellarators, and
inerial fusion energy. The department will sesk lo;

« gsinblish a program of international collaboralions on spherical
teri, including inviling international padicipalion on the Natienal



_ Spherical Tortus Expenmenl i the U5,
.- % _pursue oppoartunities for collaboration on. stel]aratnrs mrﬂugh the

Large Helical Device program- in Japan and the Wandels*lem pmgrarn
in Germany. - -

- expand Eilatéra_l collaborations in inertial - Fusion Energyl{IFE], and
explore. the incorporation. of 1FE issues into.the lusion. energy,

activities at ihe . Internabional Energy Agency.

Technical information supporting the recommendalions above ¢an .t_:-e found
in the report of the Working Group on International. Collaborations en the
World Wide Web at the-address showm on Fage 2.



Strategy-Fusion .Tét_:h_hﬁlh'g_y_ .

Internationa!l collaboration in the technology area provides opportunities
‘tg obtain access .to expernimenls woridwide and test facilities with
capabiliies not available in the U.S. fo slay abreast of world wide
techndlogy developments, and to share developmenl costs.

In the LS., mest technology development is now carried out in support of
the ITER Engineering Nesign Activilies (EDA). . The principal focus is on
supercunductmg magriel development and R&D related to diverlor and first
wall issues. Other activilies include salety research, plasma fueling and
healing, tritium processing - syslems, remote welding and cutting, and
melrology syslems. ' U Co

International collaborations on enabling technologies include:
suparcanducting magnets, ptasma facing materials and companents,

- plasma materiai interactions, wall conditioning and pardicle control,

plasma fueling and iuel process systems and plasma heating systems

Davelopmeni of fusion technologies and materials is r:rltmﬁl Lo lmlh the
economic and the salelyenvironmeantal fealures of fusion.  Thiz will be
even more importanl lor advanced ngh power density machines envigioned
with improved plasma physics. The identilication and- evaluation of
migh-performance concopls with high-neutron wall load capability,
high-power densily components, and attractive sataty and environmenlal
tealures is essential for progress on lusion energy. This involves
perorming research on wnovalive high perormance concepls with large
patential payot!. The devetopmenl ol low acuvilion matertals is an '
important part of this efforl.  Propress requires advancing the sciences
necessary 1o understanding and evalualing the perarmance arul
imleractions ol an attraclive and compalible combination ol low
activation struclural, breeding. cooling and plasma facing materials,
Fifects of irradialion on matenals or components must be conducled in
the limited number ol fissien réaclors available in the international
community wntil & high flux 14-MeV neutron source is constructed,



For ihe longar tarm, intemational ccllaboration on fusion 1echnelggies and
materials shauld inclide: Breeding Blanket and Shield Systems; Structural
Malerials and. Radiation Effects; Remaie Maintenance and Reliability;
Systens Analysis and Salety Research. and Instrumentation -in tha Fusion
Ervironment. ' '

The Department will seek tfo:

+ deploy U.S. lechnologies on experiments worldwide 10 aggess test
conditions unavailable domestically, padicutarly on scientilic
issucs related 10 long pulsefsteady stale uperatmn high power
densgities, and- refiabilily.

+ conduct joim development work un lhe key leasibilily issues for
fusian mchnulugles and malerials, such as neutron lrrm:lmtmn
allacts, using wnigue lacihbes,

» cnlarge the scope of the exisling Lilateral technology exchanges
wilh Europe, Japan, and Russia

» continue 1o parlicipate in the discussions on an international
fusion neutron source.

= gonlinue O participate wn research on high-pertormance  breeding
blenkets and joint fission reacior irradiationa on advanced
materiats.

Teochnieal informalion supporting the recommendations above can be
found in the report of the Waorking Group on tnternational Collabprations
an the World Wide Web af the address shown on Page 2.

o,
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THOMAS JEFFERSON NATIONAL ACCELERATOR FACILITY

. Y YaYs
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Hermann A. Grunder e C A
Crirector N

December 19, 1997

D, John Sheffield

Chairrnan

Fusion Enetgy Soiences Advisory Commuites {(FESAC)
Oak Ridge Mational Laboratory

I Berhe]l Valley Road

Oak Ridge, Tennessee 37831-65248

Dear D, Sheffield:

On bochall of the FESAC parel, I am submuttung our [inal e pot on the patupe and
level of 1.5, parucipauon in possible Inicmatonal Thermaonuclear Expenmental Reactor
fITER) aciivities. Given the evolulionany nature of the charge to the panel, cur _
delibarations have emphasized the nearer term transition phase and deferred any specific
recommendatans on U5, paricipation in construclion activities to a laler time,

‘The panel held meetings in July, Auvgust, Seplember, Oclober and Déce mber and
h=ard comments ftom the fusion communny ingtuding ibe Projecl Direclos, members of the
1.5, Home Team, ISCUS, university representatives, U5, indusizy, the Office of Fusion
Energy Scicntes, and many tiber interested parties. In addition, the panct presented a mid-
term repon to FESAC a2t a public meeting on October 20-21, 1997,

As Chairman of the panel, | wish 12 1hank tie many people who supported our
effarts by providing detailed information and thoughtful comments. On a personal noe, I
would alto like 10 thank 1he pancl inemibers who worked 5o hard on behadl of the fusion

£ oIk
Sineerely,
Herm Gronder
FESAC Pancl
Fociature
Tencat [-LL)

Jeftersan Lab = Located an Hampiun Roads = 12000 [ecirrsan Avenue = Newpore MNews, VA 11604
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Report of FESAC Panel
Tanuary 1998

The DOE Office of Energy Rescarch chartered throagh the Fusion Energy Sciences
Advisory Commines (FESAC) a panel to ~address the topic of U. 5. pamicipaton in an
ITER.: conswruction, phase, assufning the ITER Parties decide tor proceed with
conswuction.” {Attachmeni 1; DOE Charge, September 1996). Given tha therr is
expecied 10 be 2 transilion period of thrae o Ove years betwesn the conclusion of the
Engineenng Design Activides (EDA) and the possible constrecion stan, the DOE {Mfice
of Energy Hesearch expanded the charge to "include the 115, rode in an interim period
berwesn the EDA and construction.” (Anachment 2; DHDE Expanded Charpe, May
L9%7).

This panel has heard presentations and received input from a wide cross-section of
parties with an inierest in the [usion program. The pane] concluded it could best fulill its
responsibility under this charge by constdering the fusion energy scicoce and technology
portion of the U5, program in its entrety.  Accordingly, the panel is making some
recommendations for optimum use of the transition penod considering the goals of the
fusion program and budpet pressures, - :

IRRODUCTION

Fusion 1s the process thal powers ihe s1ars, Hamessing that process ta coniribuic io

the globa! energy syswm is the vision of this panel and the fusion community. The

ursuil of this vision also supporis basic regearch and plasma science which are importans
in their ¢wn righl.

The L) &, Fusion Energy Sciences Program focuses on the scienufic undations that
undcrpin the fusion process. The three specific objectives of the program, as identified
the 1996 FEAC Report are: (1) advance plasma sclence in pursuil of nabiona) scicnee and
techivolpgy poals, (2} develop {usitn scicnce, kechneology, and plasma confinement
innovations, and (3} pursue fusion energy science & technology as an inicrmational
pariner. This "three-lep” scrategy has been endorsed by the fusion community, Congress,
and the Department of Encrpy, Thas pancl alse endorses 10 and obssrves that an
unplementatan plan is needed.

The pancl has addressed the near-term plan (@r the {usion cnergy science &
technolopy objective of the program, the conwral ncar-werm goal of which iz the
demcnsiranon of a sell-heargd, ¢ntrpy-producing fusion plasma, The expenmental stody
of sell-heaied plasmas has been recopnized woridwide as the nexd Irontier Tor Tusian
tesearch, The panel suppoos Ung phjecuve, both for the imponant science Ul involves,
and as a requiremend {or lusion power-pland development. The major activily supponing
this abjective of the program 35 paticipation in the I[nternational Thermonoeleae
Expenmental Reactlor {ITER) Engincening Design Acuivilies {(EDA), consisting of
physics analysis, enpineenng desipn, and suppocting wehnglopy K&D acuvines,

By ils nature, a facitity capable of producing a sell-keaed, enerpy-producing fusion
plasma will e wehnically challenpiag and expensive. By working collaboratively, the
ITER Parners (Enropean Union. Japan, Russia, and the United Siares) kave benefited
through cust-sharing. Aslditionally, the VIRR cellaboration has tweoeased the inopeation



and effectivencss of the world Fusion community during the development of the physics
basis and Lhe enginearing design for a next-stop cxperimental device capable of exploring
cortrotled ignition and extended fusign burs  of dewtafium-titum (2-T) plasmas. The
imminent conclusion of the presently defined EDA makes this an appropriate fime 1o
assess our coniinied participation in [TER. Available optons includs the whaole range
from total withdrawal from the TTER. process to full panicipaiion as the host country.

Independeant technical reviews by FESAC and all (he partners have cofcluded that the
ITER engineering design iz 2 sound basis for the project and for DOE to cnter
negotiations with the Parlies regarding construction. The panel accepis the conclusion of
these prot in-depth reviews, If a decision 1o construct [TER wers being sought today,
* thig panel would recommend ULS. paniciparion at an appropriate level.

However, bocause construction phase [inancing is not presently available,
construction decision has been delgyed, and a 3-year transition period propased. In the
panel's visw, this 3-year period necessitales an assessment of the proper form and scale of
the activities thal suppon the third ebjective of the overall L3, Fusion Encrgy Sciences
Frugram, : -

SENTEAL RECOMMENDATIONS
The ITER mission includes the demonstrauon of controtled ignition, extended fusion
burp, and integrated power-plant iechaologies. The panel suppons this mission.

However, if the financial rasources conunue 1o be unavailahle, the U.5., in collaboraton
with its intematonal parnecs, should develop a s21 of contingency plans and should be

" willing 1o consider a modification'of 1he ITER mission. En the short term, it is important

te keep the present [TER option open. In the Jonper (2nm, it is cnueally ymportant 10 get
a D-T buming plasma maching inemationally approved and builc

Therclore the panel’s ceniral recommendaton 15!

In concert with our international partners, a burning
plasma facility should be built at the earliest possible
fime.

STRATEGIC PLAN

To tmplement the central recommendation, we prapose the following elcments f{or a
U.S. stratepic plan for the next thees years to pursee the thicd objectve of the Fusion
Energy Science Program:;

1. Pursue near-term appartunities for rescacch supporting ensergy-producing
fusion plasma scieace using exisbing unique farge-scale fagilities abroad.
LISCUSSICH:

Reecrt experimental and heoretical resulis point o pew approachcs 10
achicving high Jevels af energy praduction in iokamak plagsmas, and the putennal



for egmmon benelils provides an impews for the U5, 1 pursue this challenging
physics mszarch with its inermatonal panners. Conkinuing development of these
advanced tokamak scenarigs may provide new paths for com reduciion in
puriuing the cenial meommendauon stated above,

In caperimental research, we recommend increased panticipadon in the large
foreign cxperiments, JE7 and IT-60U, The objeciive 13 w0 establish advanced
tokamzk physics i large tokamaks as a design basis for bumning plasma
experiments.  This elfort woild be supponive of [TER. With the recent
shutdown of TFTR, there is now only onc operating physics experiment int the
world capable of conducling meaningful D-T burning experiments, namely the
JET device in the EUJ. We suggest that the U.S. explore wilh our European
collcagues the possibility for increased collabaration in JET, Enhanced U5,
participation in JT-60U should be discussed with our Japanese colleapues. As
part of these collzborations, the pantners should consider developing and testing
technigues for remote experimentation on loreign fusion gevices.

In addition, we recommend an cxpanded effort on broad-based (heorencal and
computational acuvines o understand high-tempesature éonfined plasmas n the
entrgy-producing regime, in support of the intzmational effon in Uag anes, :

. Bestructure the [usion energy technelogy development #ffort l;y maore
broadly support the fusien enerpy objective of the program.

DISCUSSION:

Much of the U5, fusion wwechnolopy effont has been devoled 1o TTER over the
past five ycars bocawse of the sirong overlap belween work carried out
specificaliy for TTER and work that would be camed gui woder oue normal
{usicn energy technglogy RED activities, L a5 impostant W coatinue U3,
industry involvement in fusion echrology R&D, which at the present fme is
larpely camcd out through the [TER EDA.

The U5, should conunue 1o paricipale in those aspects of [TER iechnology
R&D which arg dual-purpose, in the sense that they are both eriical for a variety
of approaches 10 fusion energy and they also help complete the R&D reguired for
the ITER design. In repard 10 the TTER desighn, prior iwchnical reviews have
consluded 1hat ke degigns of mosL major components are now detailed and wefl
inegrated. Validation of the designs, however, depends on completion of the
ITER R&D program. Te decive full benelics of the EDA invesiments and redude
risks an open techmical issues. these technology effons should be completed or
otherwise brought 10 an appropnate conclusion.

In addiion, the (1% should comtinue 10 make wse of international
collaboration in fusion wechnology developmenn 1o realize the Tull powential of
fusion as an envirpomentally and cconomically auraglive energy source. Here,
nanITER.specific fusion encrgy wechnology R&D should be conductled,
inchuding, for exanple, developmant of low acuvation materials. We recommend
S cammunity review o determine the role and scape of these technology
development avlivities aned thes felauon 10 cxsung lechnology activiies in the
mest of the proegran.



3. Continue o pacticipaie in and support the ongoing ITER joint design wark
at & lower level, . .

DISCUSS1O0N;

To daie the TTER design concept has been developed 2% an inemational
collaboration. Two of the design pariners, the EU and Japan, now have much
larger fusion programs than the U.5, Contnved involvement gives us the
OppoCtunity o participate in the constroction and operation of ITER, should the

" parties decide 1o po [orwand with ic In the strricgic coniext of the TS, science-
focuscd fusion program, our involvemenl in the constructon and operation of
ITER would clearly be bencficial.

TTER joint design work includes both JCT and [R5, Home Team activiies.

We suppor efforts 10 cxplore opporminitics for cost rcdwction and for enhanced

© geientific flexibility within the TTEK scape. Some of these effaris counld be

cartied out in conjunction with the physics eestarch and echnolopy B&D
mecommended above.

4. Undertake desipn efforts on lower cost [usien-energy-producing pl:smﬁ
concepls. :

DISCUSSHON:

Given the present silvanon where construcion commiimenis have not been
- secured for the Mull-mission [TER device, we belicve that it 15 prudent [or the
internaticnal community to examing optons that involve reconsideration of the
fundamental rrade-offs between cost, nsk and mission. This effort should be
directed atl cxamining lower-cost, reduced scope oplions in the imsrest of
achieving a fusion-cnergy-producing plasma expeniment on the fasiest possible
schedule. These options provide a contingency plan thar will be necessary in the
eveni that the Mnancial commitments cannot be secored for the full-mission
ITER machine.

Desipgn siudies carricd out in the past by the U.5. and by our intemational
pariness have explored a rapge of mission options [rom short-poisa ignition (o
ITER-like sutiained bumn, covering 2 cost range from $2B 1o the present ITER
rost. These siudies, with modificadons rellecung the new experimental findings
from present large-scale 1okamaks, could fom the basis For an international
activity w develop eontnpency plans for building a facilicy.

In preparation for this incmational activity, it is essemtial that the United
Srtes initiate a domesic study with broad {fusion communily involvement to

explore the many aptions.



BUDGET CONSIDERATIONS

For the fusion cnergy science and wehnology objecive of the program, we
cecommend the following annwal funding allocations {(FY935) for the 3-y=ar plan
outlined above:

REC. 1: Research on Existing Large-Scale Facilities Abroad $10-20061
{supporting energy-prdlacing-fusion plasma scignce]

REC, 2: Fusion Energy Techpology Development - 520-25M
(including dual purpose lechaologies criticzl
for ITER and other fusion approaches)

REC. 3: Continued ITER Joint Desipn Wark aM

REC. 4: Design Efforts on Lower Cost Concepls $5-100
(in collaboration with our internadonal pariners]

We recoimnmend these Ievels in Lhe recopnilion that the entire fusion program i3
funding-limired and 2!l threa of its compenens require addilional resources, Our
recommendations are made within the coniext of the 1997 PCAST lunding profile for
fusion cnecrgy scienee research, We endorse this PCAST executive summary repart and
the FEAC 1996 program restrocturing v port, both of which calted for a 32008 minimuom
support level for e plasma science and confinement innovations program objeciives.
These ohjectves comprise an imponant clement of the country’s basic science portfolio
and imclude: nururing basic research in plasma science, supporting both allemative
-¢onceps and advanced tokamak physics mscarch; and developing enabling lechnologies
in support of these concepl innovaton effors. Achievement of thase objeclives i3
essential to provide the knowledge needed for development of fusien encrgy in the long

rin.
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