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1. Executive Sum l'_r.mry -

| ITER, the International - Th:cmmnuc]ear Expanmﬂntal Rcacmr pn‘Jj:CE is now in the -
_Engme:enng Design Phase (EDA) of a worldwide effort to conceive, des:gn and ulumat:ly-

construct an experimental device 1o advancc Ihc dcvclupm:nt of fusion power. The major partners ’
“in the ITER effort are the European Union, Japan, the Russian Federation and the United Slau:s

and the EDA phase of the program is scheduled to be cumpl:tcd in 1998. |
The objectives of ITER are “...to demonstrate controlled ignition and extended burn ..

“..to demonstrate steady-state nper&unn " and *...10 demonstrate the technologies essential fnr 8
fusmn reactor....” ITER brings tngcther three threads important ‘for the advancement of > fusion:
. burning p]asma physrcs st:ad},r-statc npcratmn, and the testing of key tcchnnlugms It has lcmg
_ been agreed in the US fusion program that the threshold to hurnmg plasma physics occurs al Q=35
| ‘where the alpha heating power equals. the :xlemally suppl:cd input power. Technulug:.r testing of

divertor systems and piasma facing components, as. well ag quahf cation of nu:l:ar blanket
modules, requites at least 1 GW of fusion power in ITER, with a neutron fluence of about 1 MW-
. yr/m?2 accurnulated over a period of about 10'years, Thus if ITER can achieve Q > 5 for long pulses
a Fr,, > 1 GW, with an avmiahlhty of 10 - 15%, this will constitute a dramatic step toward
dcmunstratmg the scientific and technuinglcai f:amhlihty of fusion energy. Together with funhcr
improvements in plasma pcrfurmanc: and plant availability in the ungmng fuston science and
. _technﬂlugy programs, results from ITER will provide critical mfurmannn mqmre.d for the design of

o an attractive fusion DEMO power plant.

The gem:ral objectives and the p]asma pn:rfarmancc aud engineering pcrfnrmanca objectives
for ITER are specifically ser out in the 1992 report of the Spemal Working Gmup—l (SWG-I} as:
Gen.fm.’ _ _
- “The ITER d:tailﬁ:_l technical objectives and Ihc technical approaches, including apprnprialc
'.margins should be cumpatibie with the aim of maintaining the cost of the device within the limits
a cnmparahla to thnse indicated in the final report of the ITER CDA as well ‘as kccpmg its impact in -
the long-range fusion program. ITER should be demgned to npcratc safcly and tn dcmﬂnstrata the
~ safety and &nwmnmﬁntal potential of fusion power." '
Plasma Perfam:an:e |
*ITER should have a confinement-capability to rear:h {:untrni]ed 1gmtmn The estirnates of
cnnﬁnemf:m capamhty of ITER should be based, as in the CDA pracedure, on established
favorable modes of operation. TTER should demunstrate controlled ignition and extended burn for
. a duration sufficient to achm:ve stationary conditiodis on all time scales characteristic of plasma
 processes and plasma wal) interactions, and sufficient for achieving stationary conditions for




" nuclear testing of blanket’ -:Dmpﬂntnts This can be fulfilled by pulses with flat top duratmn in the
range of 1000 s. For testing parucu]ar blanket designs, pulses of nppmmmatc]y 2000 s are
desirable, wuh the ultimate aim of demnnstratmg stl:ad;.r stat= uperaunn usmg nnn—mducuvc current
drive in reactor relevani plasmas.” '
Engme:nng Parﬁ:rmmnce ﬂnd Tcﬂmg | :

" "ITER should dnmonstrate the availability of t:cm::lugms ESSEIII]E] for a fuion reactor
- (such as supcrmnducung magne.ts and remote mmnt:nance) test components for a rtacmr (such as
~ exhaust power and particles from the plasma);- test dt.mgn concepts ‘of tritiom breeding blankets
relevant to a reactor. The tests foreseen on. mndu!c:s include the dcmnnstrahun of a breeding
- capability that wnuld lead to tritivm sclf—sufﬁm:ncy in a reactor, tha extraction-of high-grade heat,

- and electricity generation.” S '

| The remainder of the SWG-1 report outlining the design and, npcrauan mqmn:ments is
given in App:ndlx B. Commitments by the parties to proceed to construction and’ a decision on
seleciion of the construction site are scheduled for the 1998 time frame. All parties recognize the
1mpurtanc= of ITER, both to their national fusion efforis and as an opportunity 10 do cooperative
| mti:matmnal sr:mnr:r:. on an unprecedented s:ale As- re-:ﬂnti}r as Fall 1996 4 meetmg of some s:xt}f |
U.S. fusion program leaders reaffirmed suppori “for US. pammpatmn in ITER and ITER' |
importance as an investment in fusion research; even if the U.S. pamclpatmn were on the basis of a
less-than-fuli mcmher There was 2 SIrong CoOnSensus that, at present U.S. fusion funding levels,
continuation of the present fundmg level into the ITER construction phase is very well justified.

hr

‘Dr. Martha Krebs, Director, Office of Energy Research at the U.S. Depantment of Energy
(DOE), wrote. to the Fusion Energy Sciences Advisur_? Cummiu:c.{FE.S:&C}, in. le:lqus dated
S:ptcmhcf 23 and November 6, 1996, requesting that FESAC review the International
“Thermonuclear Experimental REa_lctnr (ITER) Detailed. Design Repont (DDR} and “'p;-nvidc'-its
view of the adequiacy of the DDR as part of the basis for the United States decision to enter
‘negotiations™ with the other interested Parties regarding “the terms and conditions. for an
agreement for the construction, up:ratii:ms axplnitminﬁ and decommissioning of ITER.” The letter
. from Dr. Krebs provided context for the rr.'-rlew and specifi cally asked that Ihﬁ fullnwmg five
: questmn&be addressed: _ o i

I, Are the ITER ph}rsuzs basis, technology base, and cngm:mng design sound? Focus on
the critical physigs, lechnulng}r and :ngmearmg issues that affect the dcs:gn -whtle allowing for the
R&D p]anned in each.of the areas through the end of the EDA.. '

. Is ITER likely to meet its performance objectives as agreed upon by the four Pames and

' dncument;d in the 1992 SWG-1 report? Evaluate predicted performance margins, comment on the
range of operating scenarios, and i::lr.ntif:;r opportunities 10 improve the performance.




3. Da the design and operating plans adequately adﬂr:ss"cnvirhnmm safety, and health
_ cﬂncems‘? Focus on'the methodology used by the Joint Céntral Team to address these concerns, |
4, Are.the proposed cost cstimates and schedules for the construction project and

" subsequent operations, cxplmtaunn and decumnussmmng credible; and are they consistent wuh the

prucumment methods and staffing arrangéments mcuhm:ndcd by the ITER Dlm:tnr'? Fucus on the
methodology used to prepare the estimates, - ' _ S ; .
| © 5. Are there any cost effective opportunities for pursumg modest mttnsmns of the cum:nl_
. design features in order to enhance upcrahunal flexibility and increase s::lcnuﬁc and lcchnnluglcal
- prn-d_uctwuy of ITER? Focus on areas where cost effectiveness of any design extensions would be
high.

. In this Executive Summary, the Panel pfuviﬂcs our primary ﬁndin'gs. conclusions ‘and
recommendations. These will be giv;n'in the form of direct responses tu the specific questions '.
asked of FESAC by Dr. Krebs. We will also provide specific references to the chapters in the
body of the re'p-un where 2 much expanded discussion is given relating both to thﬂﬁé'qlmstinns.and'
‘other " issues imporiant o the uliimate success of the'ITER project. The ‘Panel did develop a
significant number of other findings and recommendations relating to more specific issues, often
abou particular ITER suhsysmms These are included in the ‘body of the report, and often in the
", subpanel reports as well. The Panel and its subpanels offer these f ndmgs and racummendaunns o
the ITER Joint Central Team (JCT) as it begins preparation of the ITER Fmal Dﬂlgn Report. For
ease of reference, we repeat cach guestion and then provide our response. = |

~ Question 1. Are the ITER physics basis, technology base, and :ngin:‘:ring design sound?
- Focus on th: critical physics, technology, and cngm::nng issues that affect the d:slgn whllc
- allowing for lhc R&D planned in each of the areas through the. end of the EDA.

Important issues in evaluating the de.sig.n basis deal with the physics operation, with the -
‘new elements of the operation (buming-plasma and sicady—sﬁte*phyﬂca},' with the technologies
necessary 1o .address these physics issues, and with the engineering design itself. Key issues
include the readiness of fusion to embark on & program step having ITER's gua]é and the basis of
confidence that ITER can reach the conditions necessary for achieving its objectives. The Panel's °
assessment of the physics basis for the des:gn and of the basis for physics-retated subsystems is
discussed in Chapter IV, The Panel's assessment of the engincering features of the design,’
specifically the likelihood that the expenme:ntal apparatus wil] meet its des:gn specifications, - and
that it can be Dp-eratad and maintained in a fashmn that will meet thé overal! ITER program




.ﬂbjﬂﬂ‘u\'ﬂs is given in Chapt:r V. The rcspt}nm we gwc here is mpcatcd and :xpandcd upon in
mcsc two Chapt:rs SR

Finding& and Cunclusinns Regnnﬂng Questinn 1: The ITER Design Tr.am has drawn
widely from the world tokanak :xpencm::-hasc and has involved experts worldw:dr. to produce 2
.credible machmr.. ‘design.  The Panel has not: identified from this cxpcn:nc:-basc any
msunnnunlahlc obstacles in its plasma :ngmtcnng and clectro-mechanical engincering that would .
*_prew:nt ITER from achmwng its objectives. Hnw:vcr. there are specific areas that require funhcr :
attention, priority R&D, and resolution. Our overall assessment is that .the ITER engmeermg
dcmgn represented in the DDRis a sound basis for the project and for the DOE to entef
| negotiations with the Parties regarding construction. The subpanels noted that some aspects, such
as the design of the magnet systems, arc more fully developed and more mature than would
“normally be the case at this stage of a project. In certain nthar areas, such as the first wall and the
bolted blanket/shield approach, it is not yet Clear whcghe.r the present ﬂESIgI‘.I can meet its .
performance requirements, and focused affnns are underway to develop final d&signs ‘A theme
throughout the. subpane! recommendations is a naed for formal, quantifi ied reliability, availability,
and maintainability (RAM) requirements and analyscs The suhpane.ls noted a number of other
areas that will need focused R&D and detailed design efforts in the post-EDA period. -

Question 2." Is [TER likely to meet its performance nhjéctivcs as agreed upuﬁ_l:;y the four
Parties and documented in the 1992 SWG-1 report?. Evaluate pié:dicttd p-:;rfnnn,anct margihs,
comment on the range of operating scenarios, and identify opportunities - 1o 'impmvc the
performance. 1 ‘ | o |

ITER is clearly of the scope and scale required to explore ;xt:nd:d—’ptiisc; self-heated fusion
plasma physics. However, in assessing ITER's anticipated performance, it is important to do sain
the context of TTER as a seientific gxperiment — the first att:mpt' at magnetic fusion ignition and
‘ controlled burn. In particular, to reach its peak performance, ITER will extend issues such as
~ -conflnement, pulse-length and alpha-heating effects far beyond ‘those attained in present-day "
tokamaks. As such; prcdidtinns for its perfnﬁnanc: cannot be made precise, given the :-xpl::im::nlal
nature and goals of the ITER j}rngram. The best that can be given are preiiictimns of most probable
' p:rfm:mance, together with the associated uncertainty, for each of the individual aspects and hence
for ITER as a 'whnlc. In the end, the judgment that must be made,' as wi'th any scieﬁtific
_ experir'ne:'nz relates to the balance between de.'sign risk ﬁlid désign cﬂnservatism given- the present -
state of knuwlcdge and 1he objectives and gnals of the expenment The findings and cﬂnclusmns
| presented next are expanded upon in Chapter VI | | |




_Finding.s_ and Conclusions f{egafding Quéstiﬁn 2. In the Panel's estimation, based on L
cxtrapﬂlatcd tokamak confinement data, the ‘expected performance.of ITER’s base- -operating mode
| (E'.LMy H«—mn-de confl nement} rangea from ﬂmt of fusmn 1gmtmn (Q—>w)toa mo-derate]y self-

' X hc.aung bummg plasma {Q ~ 4}, {Here Q is thc ratio of fusmn power pmdu;:cd tu energy input 1o

: sust,am the plasma.) There is hlgh cnnfid:ncc that ITER will be able to study lnng pulsc buming

L ‘plasma physics under reduced cundmnns (Q = 4), as well as pmwde fundamental new knowledge

N on plasma r:-;mﬁnement at near—fusmn-reantnr plasma conditions. Achlcwng long pulse jgnition
cannm be assured, but remains a reasonablé pnss:b:l:ty The Panel! concludes that the DDR
| 'lnCﬂl'pGralﬁS mgmﬁcant fh:mhlhty within the dcs:gn and-costs constraints, thrnugh multnplc options
to explore combinations of heating, fueling, shaping, and cument diive mnunl Additional analysis
is called for to insure adequate flexibility to dccess: advanced confinement r:glm:.s The Panel also
recommends that ﬂcx:hlhty for additional heating power be made avmlablt: in case it is needed to
provide adequate neutron wall loading, as well as adequate plasma stored energy (beta) and power
flow across the separatrix. This will give confidence of access to the H-mode, as well as pcrnm
ITER to achieve the ncccssaqr physics and technology tests, even if the plasma performs near the
low end of its predicted confinement range. To assure the upgmdahlllt}' of the heating and current
"dnvc systems o approximately 200 MW (if needed), the design team should car:fully assess the
1mphcatmns for port space, auxiliary areas, and site power. - | ‘

~ The Design Team has focused its attention and Tesources so far 1::1'11113.1".|1}Ir on successful
up’eraunn in the Basic Performance Phase, with the view that the knowledge and experience gamed -
.. in this phase will guidé the Enhanced Performance Phase, Consequently, achi:ving the Basic .
* Performance Phase objectives looms large in the DDR design, and the Enhanced Performance
_Phase objectives have not been addressed beyond . assurmg Cﬂpahllltjr‘ of the fac:ht;.r to address those
nb_lccuvts The Panel concurs wuh this approach.

‘Question 3. Do the design and operating plans adequately address environment, safety, and
" health concerns? Focus on the m-:lhndnlogy use.d hy the Joint Central Team to address these

’C'DHC’EII'IS

"ITER isa large and- cnmplcx dcwc: whlch will use muum as a fuel and produce cn:rge.u:
neutrons as an output. Careful tracking and control of the tritium mv:ntnr_*,r will be reqmrad and in
this connection, remaval of tritiom from the first wall of-the vessel remains an nutstandmg issue.
- As a result of neutron bombardment, the mau:hmc structure and surrounding materials will h-r.cnmc
activated. The ITER device will require a nuclear license to operale whﬂrﬁcr it is sue:d yct 1S
unlike any other d»;.w:e that has been licensed previously. Detailed safety rcqum:mcnts have been
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g esmbhshed ba.scd on recognized 1nt¢mancmat safety criteria. 'These limits are nut.always S
m:tw: as U.5. Ilmlls but upgradmg the d:ﬂgn to meet U.S. regulations is not a fundamcntn] _
concern. Safety reqmremcms have been an integral part of -the -oversll design requirements. -
Careful analysis has been done to show that the fa::hty will Operate: wuhm these rc:quncm:nts in .
buth normal and accident scenarios. "These analyses have been carried out usmg the best available
‘understanding and computer codes. The project has, 2s a design r:quueme.nt the avoidance of the
need (o evacuate the general public fﬂllnwmg the most serious accident. A general project -
objective is that the dose to workers and the public be maintained as low as reasonably achn:vable
(A.LARA} The ﬂndmgs and cnnclusmns pr:scnlnd next are cxpande.d upon in Chaptl:r Vil

Fmdmgs and Conclusmns Regardmg Questmn 3 The ITER team has an- appmpnaml
organization in place to addrﬁss nuclear issues and has, in general, addrussu:l thr.se lssucs in an
appropriate manner. The nuclear design effort has been the subject of a recent review by the four
parties within the ITER framework and the work done has been documented in_ the Non-site
- Specific Safety Report {NSSR 1} Th: safety as;:c.cts of the d::s:gn and analym are adcquate: fnr

lhI.S stage of the project. -

Questmn 4. Are the pmposed cost estimates and schedulc:s for the construction pm_]ﬂ:l ‘and
subsequent opcralmns exploitation and d:cnmnussmmng credible, and are they cuns:st!:nl with lhc |
| ~ procurement methods and staff'ng arrangements n:cnmm:nd:d by the ITER Dlr:ctnr‘? Focus on
the methodology used to prepare the estimates. |

“The cost and schedule ‘dﬂve:lﬂpment.pm:éss used by the JCT is based on a detailed sat of
-~ procedures and formats that facilitated a standardized and consistent cost and schedule estimate.
For many components, and for virtually all of the tokamak components, industrial estimates have:
been obtained from multiple Parties (herein to be understood as industries of those Par'iies.} in
) preparétinn_ for the Interim Design Report (IDR). For some components, e:.r.timale:s were obtained -
genefnted by the JCT. The IDR Cost Estimate represented a buitnms-up estimate of almost every
element of ITER. The cost and schedule issues are discussed in greater detail in Chapter 'V_III;

from a single Party, and for buildings, diagnostics, and machine tooling Ithcy' were internally, -

Findings and Conclusions Regarding Quﬁtidh 4. In the Panel's judgmm;l.'lhc ICT h'as
" done a-diSEiplintd and thorough job in g&thering the. complex data from diverse pﬁrgi:s and -
developing a self-consistent cost and schedule data-base predicated on_sound cost and schedule -
estimating methodologies. Estimates for components and systems are primarily based on industrial |
estimates from muitiple parties, and have been extensively analyzed and prﬁﬂtsscd o insure
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o n:r:d:b:hty. cumple:t:ness and accuracy. Dverall thc Panel Judgf:.s ll'u: cost csumatn to be redsonable
 _and suund for this stage of the project. The Panel does note that th: plan is a success-oriented one,
in-that there is little or no-budget or time alluttcd to actummndatc unfumsccn pn}hlcms that may
. agise. An efficient. management stracture and procurement. system, taking maxlmum ad-.rantagc of

.industrial competition in bidding, is required during cunstrucuan to meet the aggn:ssw: ::ust and

R schndulc goals of the project.

Quesunn 5. Are there any cost eff:cuve nppnnunmcs fur pursumg mndest extensmns of .
lhc current design features in order 10 enhance operatioral_flexibility and mcr:asa scientific and
technological productivity of ITER? Focus on areas where cost effecuvem:ss uf any des:gn
extensions would be hlgh | ' |

The ITER design is a complex one and the Panel is well aware of the time and effort needed
to determine if any design suggestion, either for modification or extension, is one that can meet the
design requirements and .system _specifications cst:al_:nlished to ensure- the credibility of the
- engineering design itself. Given this, and given the short time available (o the Panel to conduct this .
" review, the Panel has chosen hot to focus on this question, However specific suggestions are

" included in the bulk of the panel report; and in the appendices - especially in the area of flexibility -

which we thm]~. are worthy of careful review by the ITER team. Indeed many of th:s: are already
" under study by the ITER Joint Central Tedm and the varmus Home T:ams

'In closing, the Panel would hkc to re-affirm the :mpunancﬁ of the key :Icm:nls of ITER $

| . mission - burning plasma physics, steady-state operation, and technology testing. The Panﬂl fias -

great confidence that ITER will be able to make crumal contributions in each of these areas. While
we have identified some important technical issues, we have confidence that the ITER tfeam will be
able to rf:sc:-lvg these issues before the Final Design Repon {FDR} Furthermore, even in the
. unlikely circumstance that the JTER plasma pe'rfunn-s at the lower end of its predicted range,
heating and current drive upgradability (o ~200 MW would provide gréate'r confidence that ITER .
will be able 1o fulfill its programmatic role. The achievement of ITER’s mission will be a major
milesione in the development of a safe, economic, am:l suSIamahlﬁ cn:rgy source fnr the fulure
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