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The Oak Ridge THS act iv i t ies have been directed at characterizing the
design space between TFTR and EPR with a Fundamental emphasis on higher beta
plasma systems than previously projected, i . e . , 2 ^ 5-10'i as compared to 1-32.
Based on the results of the FY 1977 System Studies, our activities this year
are directed toward preconceptual design with particular emphasis placed >n
reducing the technological requirements through innovations in plasma
engineering. Examples of the new innovations include microwave assisted start
up to reduce power requirements and a reduced TF ripple constraint by more
refined ripple loss calculations, to increase engineering feasibi l i ty through

simpler, more maintainable designs.

INTRODUCTION
TNS, £he N.ext 5.teP after the Tokamak Fusion

Test Reactor (TFTR), is intended to be a reactor
core experiment forcing fusion technology. In
order to place our TNS program in perspective,
i t is useful to consider the evolution of our
advanced rystems studies. Prior advanced systems
studies started with point designs (ORMAK F/BX I
and 11) / ' explored the design issues of the
tokamak Experimental Power Reactor (EPR),' ' and
culminated in an evaluated EPR reference
des ign.^ With this basis, the TNS activit ies
were directed at characterizing the design
space between TFTR and EPR with a fundamental
emphasis on higher beta plasma systems than
previously projected, i .e . , ff % 5-10% as com-
pared to 1-3%. The orientation toward smaller
sized, higher beta systems rather than larger
systems are both mechanically and economically
impractical. This judgment was quantified in
our Fusion Power Demonstration Study/ ' The
characterization of this TFTR-EPR design space
has proceeded by plasma engineering investigations

of the dynamics of the higher beta plasmas and
the requirements on technology of heating and
fueling, ' ' by developing consistent, feasible
engineering models of systems of different size
and magnetic f ie ld strength/ ' and by program ~
planning studies of the steps required to
implement the designs. '

In the f i r s t area, plasma engineering, early
indications were that very stringent require-
ments would be placed on physics achievements
(I" -v. 10—15%), on beam technology (-̂ 500 keV), on
fueling technology HO,000 m/s pellet velocities
to reach the plasma center), and on a large
system size. Rather than pursue these d i f f i cu l t
requirements with even more d i f f i cu l t tech-
nology development programs, high risk physics,
or high cost solutions, we re-examined the basis
for the requirements. We found that as more
real ist ic models of the higher beta plasma are
used, specifically going from 0-D to 1-D models
with spatial profiles, the lower the requirements
on achievable beta, neutral beam energy, and
fueling technology became. Under the constraint
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of a f ixed, no-divertor TF coil shape, an

innovative design concept for a compact poloidal

divertor was developed l l 'at may have significant

impact on the options available to plasma
(8)engineers.*

In the second area, system nodeling, the

principal questions were. What is the cost

variation with size? and. How does cost depend

upon the TF coil technology used? Based cnon

fa i r l y comprehensive engineering models as

opposed to optimized point designs, curves of

relative cost vs. the principal geometric and

operating characteristics have been produced.

With the costing and sizing model,1 ' the cost

sensit iv i ty to any of the assumptions can be

investigated and modifications made. With

respect to the second question - impact of TF

coil type - the result was that the principal

differences between the use of superconducting

and copper coils were those of objectives and

r isks, and not cost alone. These differences

and the relative costs for the Cu, Nb^Sn, NbTi,

and a concentric hybrid arrangement of NbTi/Cu

options were roughly as shown in Table 1.

TABLE 1. Approximate, Relative, Total Plant Costs
of Four Systems with Different TF Coil Options

Coil Type
Approximate

Relative Cost
Most Suitable

Objective

Cu

Nb,Sn

NbTi

NbTi/Cu
(hybrid)

1

1.3

1.5

1.5

Ignition Alone

Reactor
Prototype

Reactor
Prototype for
6 > 5%

Reactor
Prototype not
Dependent upon
Nb3Sn

With respect to the di f ferences between a

MbTi and a Nb,Sn system, a closer examination

o f s im i l a r physical devices indicated that the

Balance of Plant i s the dominant fac to r , and tha t

the choice of co i l technologies is of great

concern but as yet has l i t t l e quant i f ied economic

impact.

in the t h i r d area, program planning, various

elements of a pre l iminary program plan were

i n i t i a t e d that i d e n t i f i e d the central program-

matic questions, i n p a r t i c u l a r , an assessment

of both the generic^ ' and design s p e c i f i c * '

Rf.D needs fo r T'iS was made and recommendations

fo r more emphasis on ex is t ing programs and fo r

new i n i t i a t i v e s were made and documented.

Planning schedules f o r in tegra t ion of the TNS

project wi th the supporting R&D work and the

subsequent reactor devices werf> developed as

w e l l . ' From th i s came the f ind ings t h a t

plasma physics and decision making are probably

the true c r i t i c a l paths, and that a route to

achievement of improved engineering r e l i a b i l i t y .

must be l a i d out and implemented fo r a successful

program.

Based upon the f indings in these areas,

i t is judged that continued a c t i v i t i e s i n the

Oak Ridge TNS program should be directed toward

preconceptual design with par t icu lar emphasis "

placed on reducing the technological requirements

through innovations in plasma engineering, such

as microwave assisted s ta r t up and refinements

in the ca lcu la t ions, such as the TF c o i l r i p p l e

constra int , on making cost reductions, and on

achieving increased engineering f e a s i b i l i t y

through simpler, more maintainable designs. This

represents a s h i f t i n emphasis from systems

modeling to preconceptual design wi th improved

integrat ion of the plasma engineering and

program planning a c t i v i t i e s .

PLASMA ENGINEERING

The purpose of the plasma engineering studies

wi th in th is program has been to establ ish credib le

ranges of physics parameters for an i g n i t i o n test

reactor as the next step (TNS) beyond TFTR. Our

reactor concept is based on medium to ro ida l

f ie lds^ 1 3^ (BT = 4-7 Tesla), high plasma

densi t ies*1 4* (n = 0.6-2.5 * 1020m3), and high

tokamak betas (? = 5—10%).



Use of mu-'iiun f ield strengths is compatible
with the introduction of a larrjo amount of nt.-utral
beam power which in turn is important to hirjh
density. With large neutral beam power, the
plasma is expected to heat up in a time scale
much, shorter than the plasma, skin time, reiu.lting.
in a Flux Conserving Tofcainak (FCT). ' Cal-
culations in Q-shaped FCr ' have produced
equil ibria at T. above 20*'. with the safety factor
up to 5. Although MHD instabi l i t ies may l imi t
i~ to lower values, F values substantially above
a few percent are expected to permit the use of
medium f ie ld and/or to reduce the reactor size.

To insure consistency of our physics param-
eters, we have studied several important subjects
in plasma engineering for synthesis with the
design engineering and planning considerations,
as sumnarized in the succeeding paragraphs.

The empirical energy confinement scaling
derived from studies in ATC, ORMAK, and Alcator
has been used in a 0-0 study^ ' to choose a
reference reactor with parameters shown in
Table 2. ~ ~ ~ ~ " ~ " ~ ~ ""

The effect of density prof i le on the effec-

tive global D T ™ ) is studied with a 1-D multi-

f lu id transport code incorporating particle and
energy balances.' ' I t is found that (DTjM\
£ (DT,H/10) is satisfied for reasonable density
prof i les, supporting the use of (D,,M/10) in the
0-D scaling studies. The 1-D study (see Table 2)
also indicates that burn conditions can exist
over a wide range of density and fusion power
levels, in contract with a single operating
point in the Q-D model.

The evolution of equil ibria by injection to
ignit ion and burn is studied with the flux-
surface averages of the particle and energy
balance equations together with the axisymmetric
FCT equil ibria. I t is found that the centrally
localized a-particle heating density can exceed
the injection heating density at relatively
low values of B £ 2.5". This fact, when com-
bined with the constraint to use current
positive ion source beam heating technology,
has led to the following l ine of reasoning.
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Because of the centralized a-particle
heating, the need for fu l l neutral beam penetra-
tion beyond e ^ 2.5?i is eliminated. An injection

fin)
procedurev ' is found that starts with low
density to fac i l i ta te penetration (Fig. 1). The
density is then increased with the accompanying,
acceptable decrease in penetration. I t is
found that beam energy from 150 keV to 200 keV
may be sufficient for perpendicular injection
at Zeff *» 1.5. This is in sharp contrast to
the 300-500 keV requirements developed from the
in i t ia l 0-D model calculations.

MHD balooning modes are expected to place
limits on ?. Recent calculations^ ' have shown
a stable e near 5% for a D-shaped FCT equilibrium
while improvements beyond these values seem
possible. Current estimates for Fare between
5% and 10% with shaping and profile modifications.
This sf range overlaps that calculated for steady
state D-T burns. • - • • - -

A poloidal f i e ld systen^21* in an FCT that
maintains plasma D-shape despite large and rapid



CENTRALIZED ALPHAPARTICLE HEATING IN TNS HAS BEEN
SHOWN TO EASE THE NEUTRAL BEAM PENETRATION
REQUIREMENTS SO THAT 150 keV BEAMS SHOULD HE

SUFFICIENT FOR Ziff <,! S

mariin of re l i ab i l i t y can be achieved by using
B-j. 6 T. This f ie ld strength is within reach
of present day coil technologies and develop-
ment programs.

R. MAJOR RADIUS (mtter)

Finure 1

changes in B has been obtained. In TNS, coils
more than 3 m away from the plasma edge can be
properly located to produce D-shaped equi l ibr ia.
However, the power supply required by these coils
is around 10 times that required by coils 0.6 m
away, requiring a systems analysis for overall
balance.

Based on al l these considerations above, self-
consistent parameters are established and given
in Table 2. Upcoming tokamak experiments w i l l
refine stabi l i ty l imits of ? and plasma confine-
ment scaling laws. Since BT = 4.3 T is near the
lower end of the medium f ie ld strength, a large

A series of parametric trade studies was
performed to evaluate consistently the
relative costs and performance parameters of
D-T burning tokamaks over a range of plasma
sizes and toroidal f ie ld (TF) coil technologies.
Four different types of TF coil technologies
have been investigated: water-cooled copper
coils (called TtlS-1), superconducting NbTi
(TNS-3), and NbjSn (TNS-4) coi ls , and a "hybrid"
coil arrangement (TNS 5) consisting of a normal
conducting Cu coil nested within a supercon-
ducting NbTi co i l . To l imit the set of .*
distinctly different options satisfying the TNS
objectives to a reasonable size, i t was concluded
that hlasma size (.a measure of cost and f l ex i -
b i l i t y ) ?nd TF coil technology (representing the "*
widest range of key technology options) were the
most important characteristics to investigate in
the in i t ia l trade studies.

In performing thest. trade studies for TNS
tokamaks in a consistent h?v to develop data suit-
able for a comparison of respective costs, com-
plexity, r isk , and availabi l i ty, certain engineer-
ing groundrules were established, whici, included
constant-tension D-shaped coi ls; water-cooled
copper poloidal f ie ld (PF) coils located within
the TF coil bore; and auxiliary plasma heating by
neutral beams. ;

The device sizes considered in these trade
studies covered a range in the plasma radius from
^0.75 ro to 2.0 m, spanning the range from TFTR
size plasmas to those chosen for recent Experi-
mental Power Reactor (EPR) design studies. The
device major radius was varied from ^8-9 m down
to some lower l im i t (^4.4 m for a = .9 m to ^6 m
for a = 2 m) which was consistent with the ground-
rules and s t i l l allowed a viable engineering
design. The plasma beta value was chosen as the
main parameter on which to judge the performance



or "confidence of success" of each ignition device,
and was allowed to vary in the ramie from ~-2:. to
15.;.. Two different plasma seal iritjs were used
to specify the physics parameters for an ignition
device, empirical scaling and trapped particle
mode scaling.

The major tool used in performing these trade
studies was a computer code designated COAST, '
written to permit CQsting And Sizing of D-T
burning Tokamak systems through detailed treat-
ment of a l l major components of the total plant.

In these studies, we determined that for each
coil technology and plasma beta at ignit ion, there
is some minimum cost device at a specific a, RQ,

and B (Fig. 2). The reasons for the slightmax

5 5m 1
lift X \

n-37Sm 1
•Bm»t3,9t ^

1.0 m n
5.0 m 1
12.6 1 1

-

1

- 1 1 • 1 I

— H Y B R I D CuAjttT'

\ NOTE: a > 1.0 m, aipicl lalio A < i.
\ elongation n » IE.», H, bm _
\ vaty alona the cutvet; cmotKcal
\ Kalim.

\ \ \ 6Gm _

\ twpaci or ME«
\ . SHIttOlfjn FGH

N ^ SUPERCOP̂ OUCIIfiG

^ ^ - ^ S ^ S m
7.8 T

t i l l
o a « 6 a IO is

flyERQGE BETA (PERCEIyT) AT IGNITION

The Minimum Cost Devices tor four TF Coil Technologies us

Average Plasma Beta at I g n i t i o n .

Figure Z

cost difference between NbTi and Nb3Sn devices
are shown in Table 3 for a typical machine
with a = 1.2 m, R = 5.0 m, and B_,v = 9.0 T.

the NbTi because i ts radial build is larger due
to its lower current density l imitation. The
main cost item difference is in the l iquid He
refrigeration costs, which are about twice as
hi'ih for the NbTi due to its lower thermal
operating margin. The most important finding
of this particular cost comparison, however, is
that the Balance of Plant overwhelmingly dominates
the total cost and makes the technological
differences between NbTi and Nb̂ Sn insignificant
from a cost point of view.
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Note that the TF coil conductor cost is
larger than the NbgSn, as expected; however,
the TF coil structure cost is larger for

"Bawd on JlOO/ki) fur Ilbj5n and "SO/tn. for tlt i l i .

Representative parameters and costs for four
(231TNS point designsv ' that achieve ignition at an

average beta of 5% are given in Table 4. The
maximum field at the TF coil for each design is
about 10-11 T; this would require the NbTi super-
conductor to be designed to operate below 4 K and
would permit a Nb^Sn design at a modest maximum
field value. A NbTi superconducting design which
would operate with a maximum field at the TF coil
of 8 T would require a larger and more costly
size at a B of 5% or would require operation at
an average beta of ̂7.5% in devices of the size
in Table 4.

For a chosen plasma beta operating value,
there seems to be two main conclusions possible
for the best choice for a tokamak TNS, depending
upon the perceived objective of TNS. If the main
goal of TNS is to demonstrate ignition with a
minimum of technology development in the shortest
time, then water-cooled Cu coils at moderate
field strengths (10-11 T) and with moderate
physics demand, i.e. assuming Ji>5%, seem the
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best choice. I f , on the other hand, the goal of
TNS i s , in addition to igni t ion, demonstration
of the science and technology required for
reactors, i .e. sustained burn dynamics, beam
power handling, and systems integrated super-
conducting coils which would extrapolate to a
power reactor, then the Nb,Sn TF coil devices
seem the best choice, at a cost about 3(K higher
than for the Cu device. The lower f ie ld NbTi
devices generally result in larger and more
expensive devices, as do the more complex hybrid
NbTi/Cu options, and hence are not as attractive
as the Cu or NbgSn. The choice of Nb,Sn would
imply an associated technological r isk, although
the benefits of i ts higher f ie ld capability and
larger thermal margin make i t very desirable for
fusion power reactor applications. The under-

lined entry in Table 4 indicates that the purely
superconducting TF coil cases have the more
favorable energy balances; with the particular
performance parameters chosen to give minimum
cost size, the NbgSn case does show more than
breakeven.

Although the quantitative basis for the
selection of NbjSn does come from the costing
analysis, the selection process is not a straight-
forward one of minimizing calculable costs.
Running as a thread through these discussions is
the matter of r isk. Physics performance risk is
minimized by providing f lex ib i l i t y and extended
ranges of technological parameters, such as a
magnetic f i e l d . The use of Nb,Sn coils in the
range of 8-11 T with a corresponding range of
demand on B* VlO-5% provides a margin of reserve



f i e l d to be tapped later i f required, lerhno-

lo i j ical or enqlneerlriq perlnrmince risk is min-

imized by uslnc) experience provi'll to1 liniques with

ailequate backup position-., icoiioinic r isk i".

minimized by operating at. the lowest possible

level of teihnoiuqy tbal is required. I'r-oqram-

fliatie r isk is minimized by pursuinq paths that.

are as widely applicable as possible. 'Ihe la t ter

three r isks do not appear iiiiniml.'ahle simultane-

ously. Hi- Judqe t h i i t w l t h the incentives for

f lb l l and fib.'.in equally st.ronq in reactor

appl icat ions, tor d i f fe ren t reasons,* and wi th

Mbl I and flli.'.n technology and co i ls beinq d on-

s t ra ted in LCI', Uie choice of Ilb.('iii is appro-

p r la te for two primary reasons:

I , Provides larqer plasma perlormance marqin

7. Provides qreater emphasis on development of

the Nb,'.ii option wi th in the lontez l nl a

coordinated f lb l l and tlh./.n l)evelo|inieuf and

Demons t.ra 11 on I'roqi am.

Clear ly , Hiese capi ta l cost comparison', have

forced us to confront the real questions - tin-

choice ol object ives, i . e . , " i ' | i i i l i on" or

"re.ictor core", and resolut ion of the judqmenfal

issues both quant II table and seiniquaiiti f table.

As shown In lable ' ) t capi ta l cost Is but. one ol
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plasm.1 cn'|ineerini| iind deslqn eii ' i ineerli i ' i is l,he
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a drill I. III'. pr'oi|r.iiii p lan, we came to fhti 'e
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that al low, us to e/1 r apolalc pri-.enl. day plasma

par.imet.er-. Into the low n i l I Isional 1 l y , l i l ' ih

di!i isily fusion plasma rc'|hiie with conf idi' i ice, vie

can ex.imlue ni.iiiy of the specif ic physUs areas

e/pected to be Important In the IN', desli|u pi'iicess

and he'|ln to specify the kind ol Information

required In that area diirl i i ' i each major desii|n

per I ml. liound fei.hnoloi|y pro'irain bases I rom winch

to start exist In Hie three key area', lo r I I I ' , ,

toroidal I lei.I ( I I ) ina<|itef'. lor the I ar>|e Coll

*r ibl l Is attract,IVe by v i r tue ol I ts proven "xperlenre base, and Mb.('.n Is a t t rac t ive
by v i r tue of I ts hli j l ier I leld cipab! 11 Ly.



l'rui|!.iiii (I I.;-} . I'.ll ti '7 l.i'.mi'. lur II II. ', ami

I r l I Him h.unll Ili'i tm Mi'' l i l t in,i! ' .y.tn:i ' . I f , I

A'.'..wlily ( IMA) .

On Itif '.i-i uiul p o i n t , pt mi ipal . | ip \ , w I tml

tdti ' i ' pi mi ipal .11 ea', in phy. I' . and ln- lwi ' i i

•,1'Vfti ,tiul t t t t i ' iMi iiriM'. in l.i'i.hiiu ltn| i f . i i.'i|ii ii iiiq

attent ion .f. OI IMI I I IMI In-low.

rhy. i t v

A i oiiiprehfii". ive impurity ami pait. i i . l t ' ( i in t rn l

plain mii'.f, l ir toi iwi l . i l i 'd ami impli-iiii'iiti'ii on i\

timi'ly ha',I', to ident i ty the he1.1 way l.o

prui i i ' i l in Ih i ' . most, uncertain area.

Uii1 iii'i-il lor c/pi' i ' Kiiriil.il invi",t.ii|at inn of

t "lit ii|ili'at.ion ma intt'liaiii •' ( lnin| pul'.i-) and

opt. I iui/i i! ion in ti i i j l i r., hdjli temperature pla'.m.r.

i \ nut. nun ln-im| met in any <• • i•.I i11<| or near

l l ' l l l l f a l l I I l l y .

Ihi ' appl i f i l Ih rn i e l I I a I pi nqi-aiii in impur i t y

dynamic*., pl.r.ma l i a t t r . po r l , and, mo-. I. i r i t i i a l l y ,

i t i i ip l i ' i l equi 1 i l i r i u m . ' . l a l i i l i l y , t r a n s p o r t , and

hi1.it i i i ' i '. l imi l i i l i im ol t<)iii t ion ',i i-n.ir in*, uur.t.

In- inti ' i i1. i l i f i l in t l i f r y i ' . l i iM i 111.1 -.iii.i t l i i -ury

li'i himlijijy

'ii'vt'ii .iri..r. ni'cil in i I i.i I inn ill |u 1 >< 1 • .mi', tir new

1'iiiph.i'. i1, In fxp l i i i i i l i i ry '.I111I11". I D I'M'.111 !•

.111 .111 rpt. i l i l i ' ti'C liiml(ic|y li.r.c l(ir IN', l i n . i l

i l f . i'jn iimlt'i iiny '.i rn . i r iu .

I'riMji 'iiur. Mml i i " .

(.iiiiipiuiii'l i|.r. pump I iiiiili-r 111.11 <• t i .11 -.
ili'Vi'liipuii'iil iiiiprnviiiK'til'.

Ni ' i i t r i l lir,1111 (Flit) I'I.I '.III.I 1.1111I |i|iii',it.ioii
•.wili.li I I I IJI1 pill1.!• M'ii'.lin| iiiiil i .onlrol

Iiu.tiM'.i'il til! puwcr Aliiiiinii.il ((inl.rnl
.tinI pul'.i- li'tii|lli (ipt-i ,il.ion',
pur '.oiiri.c

I'D I it i 1I.1 :• I ii-lil ( I T )
f l i ' i I r ii ill '.y'lli'iir.
(I111' i.d'.l, ri'ilut. l.inii'.)

M / ol.lii'i pi'inji'iiiir. r i ' l i i l i ' i l In Illi.',11 II c t i i l * . ,

till I i I'l t o i l ' , , . i i t i v i ' i i i ipii i l ly i i iu t . r i i l ' , , .1110

kt.'V bf.iiii'., iinil • ',' km/-, pi-l lt ' l . ( I IMI Inji-clor*.

ml'lhl ni'cd !i».n:r,i'<l cmpli.i'.i'. ilcpcfiillmi upon

Itl'i i l l". I'in ilt'<. I', ion-..

Ihi- rili I i II M i l l .mil p i ' l l i ' l in l ec to r pruijr.im'a

have i r i t u a l t i in i i i ' i qui", I ion-, in tin- qeniTai l ly

i | n i " . ' . i ' i | p i u | i ' < I -.i h i ' i l u l i " a m i i n n - . I l i e < l u - . i ' l y

• • • a n i i i u ' i l I i n t d e r .

On H I M I l i t ) , I p u i i i l , i u i p l i ' i i i i ' i i l . i i I i o n , l i i - v e l o p

ii it! i i l i l l a i :oiapi"i.'lu.'ii '.i i v i , ' w u r k l i r c a k i l i i y d i s l i m l u r e ,

•i ma'.ti'i' M.hcduli: li.r.i.'d on Hit! work hri'akdown

•.l.nii.t.uri!, .nut ii f ir1;t. diMlt. ot lh« ini|i'ir(lii.'iit.:;

ol MM.' pro«)riim ji lan ha:, y iu l i l i 'd '. ix lumlaiiii'nt.al

fi-aUiri".:

A li ' i i-year -.chi'ilule to nperali i in I rom l.oday

ri'quiri".. an ai|i|i<.".'.ivi; proiiriim

Hie print: ipal , tpiant.i I laihli' i . r i l i i a l path i',

((in1.tni< I.ion o! ami mai.liine ir.M'iiilily (lia1.i( i l l ly

the II co i l ' . ) w i th in Ihi! main t f . t i t ' l l (lukaiuiiik

t iu i ld lm i ) .

A ptia'.i'd iippniiii.l i, '.|IIM i l y inq main to'.l. i. i ' l l I I I " . I .

and t.okiimak i levne two year-. la!.er, I1, fi-.i-nt i.i I

10 Ihi' in;hii'vemi'iil. of Liu.1 mil',I. ra ) i | i l , Im j l ia l

•.iheilnle lu'i | inuini| in IY I'lllll.

A rc l iTi ' i i i !• di-.iqn ( I . i ! . , and In l l . i i i l i.i'li'i.Llon

ol or in t ip . i l di".iqn hMturi"... t ! . t | . , plir..m,i \ i . ' i . '

11 t o i l t.et linoloqy, et< .) v/il)i liackup '.hould he

i ho-.i'ii now, and pri'p.iral. ion1, lor lontDpliml di".|i|ii

ul Mie l a r i l i l i i " . (main l i".t i t ' l l , f i t . ) iiiir.l. In:

made In IY I'l/lt lo imilih a IY I'lltl) '.i.heilule.

A i i ' i iLral pro.lri I. iiiainaqi'iuenl. i1. net t".'.,iry t.o

Idlc'ir.il.i1 ail I the priximiii (.'li'iiienl.1. Into a

i iioril ina Led el fort .

I he pliinnluq eflort. ' . have provideM the preliminary

•.cheduli;'. l ink lni| t.htr projt:': f. w 11 h KRI) '.upporl.

vift.li which to 'levclop tin; tii,'C(."a%(iry inldriwil Imi

'.upporl in'i Mm roTerence de;. it-jti choice.

llnderly hi'l the d i.iir.-. Ion ol aidi.'(|iiacy and

t.iiiiel Int.".'., iire two crucial factor'... One I1, l.lie

ri.'iiult'iiiH'rtl. lo t l ir the pro.jei I. M:hi.'dule |iro-

Jei.l. Iim'. and project, (iec I". Ions t.o the in-.l.i iul lona I

i IIIIHIII ti i ienl'., achievemcnl.:.. ami level of el I o i l . in

the Mippor! Wall proqrain. die other Is t.lic lumla-

nienliil importiini e In tin.' der,ii|n phi lo'.ophy ol

hii'.iuq i l l I ill-'. I 'in on a f irm cr i l .e r ion ol re l iab le

a-.-.einlily and maintenance- In a I)-1 environment,.



The assembly and maintenance program is based upon

four parts: TFTR experience, models and mockups,

an intermediate superconducting tokamak experiment,

and good design practice coupled with utility

experience.

Future Directions
On the basis of our studies thus far, the

direction of future work is clear even though the
pace is not. The first order of business is to
re-examine the key requirements that have led to
high cost-high technology design solutions. The
second step is then to initiate a conceptual
design leading to the construction project.
Proceeding with the first step involves recon-
sideration of the startup voltage and poloidal 4

field system povier requirements, as well as
further examination of the various divertor
options, startup options and design trade-offs
for reliable assembly and maintenance. ' As an
example in the former category, the PFS, based upon

an iron core magnetic circuit rather than an air
core circuit, may well have considerably reduced
power supply requirements. In the latter
category, placement of the coils of the PFS out-
side the TF coils can significantly reduce the
maintenance difficulties. In both cases, !-';wever,
a systems analysis is required to balance the
conflicting demands of mechanical, electrical,
and plasma engineering.

In addition to pursuing these potential
reductions in the design requirements, we will
also be continuing the development of the base-
line design and the program planning charts in
selected systems as a systems focus for the study.
Fig. 3 illustrates the baseline design configu-
ration selected for the FY78 study. The bascMne
parameters are displayed in Table 6.

The TNS program continues to be an ORNL/
industry effort focused on initiating precon-
ceptual design for The Next Step in the tokamak
program after TFTR.

/ / Pr r m V,*.K.MT V . u r

SUPPORT BASE FOB
VESSEL 5Lt,M£NT

ELEVATION, (CUTAWAY)

Fig.. 3. TNS Baseline Configuration - Typical Section



CONCLUSHW

Integrat ion of engineering rea l i t y 's b r ing -

ing us closer to a rea l izable reactor:

°Imposit ion of technology/economics constraints

has resulted in creat ive improvements in plasma

engineering models.

Quanti tat ive systems engineering is emphasizing

the importarce of maintaining an awareness of

the overal l program context.

Program planning is iden t i f y ing c r i t i c a l

programmatic questions.

°Based on this year's work, our current work

tasks are confronting major "Go/Di f f icu l t Go"

decision issues, and

° Indus t r ia l par t ic ipat ion i s being used to

strengthen the early design process.
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