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ABSTRACT

Compact, high-power-density spproaches to
fusion power are proposed to improve economic
viability though the use of less-advanced tech-
nology ir. systems of considerably reduced
scale, The rationale for and the meana by
which these systems can be achieved are dis-
cussed, as are unique technolegical problema,

I. INTRODUCTION

The engineering developmeut needs for the
mainline tokamsk have been quantified by
detailed conceptual design studies of both
first-ganeration engineering experimenta"2 and
commercial power reactors, while similar
studies of the Tandem Mirror Reactor (TMR)"®
a8 well as nearer-term engineering devicea’ 8
are being conducted. The ststus of reactor
designs for tokamaks, tsndem wirrora, and
alternative fusion concepts (AFCs) hau been
summarized quantitatively, 110 and a qualita-
tive assessment of the engineering and tech-
nology needs of the wmajor AFCs hana been
preenanted recently." The sssesament of
economic viability for magnetic fusion energy
(MFE) provided by these studies can become
ohscured by the {niardependence of complex
physfcs, engineering, end casting/economics.
In order tu circumvent in pact the asmbiguitv
that wusually sccompsni{es sttempts to combine
and {nterpret reauvlte from a large number of
relatively independent studies, thia paper pro-
credy on the ban{s of onc aimple obacrvation
and one traightforward remedy proponsd tn
raduce the {mplicstion of that observation,
Specifically:

® Olwervation: most fusion power rescto® pro-
Jectinns, be they mainline or AFC, ({ndicate
4 watoer-heating fusion powar core [' C

{.e,, firnt-wall/blanket/sbiecid/coils (' ./B/
S$/C)) that {w at laawt an order uf magnitude
mitve maasive and volumitous than sl-
ternatives,

Wirk  perfuarmed  ynder  the avnpicen of the
D 5VotE ,
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® Implication: these MFE gystema may be
apprec{ably more expengive than alternative,
long-term energy sources {in epite of a
nagligible fuel charge.

® Solution: FPCs of conaiderably higher power
uengity that simultsneocusly operate with
acceptably low recirculating power fractions
(< 0.1-0.2) and reasonable extragolations of
present technology will he required.

Concern over this dominance i{n F®C mass
end cost for wany MFE approaches!”I0,
therefore, has led to consideration of more
compact options,'97!3 This generic catepory
includes the Compact Reversed-Field Pinch

Reactor (CRFPR),'27!3 thg reactor embodiment of
the Ohmically-Heated Toroidal Experivent
(OMTE), '™ high-field tokamaks (*om.,

Riggatron T)I5719  and certain subelements of
the Couoact Toroids (CT, {,e., spheroma¥s and
fleld-reveraed configuutionn).2 “27  1The word
"compsct" describee spprorches  that would
operate with high engineer.ng or system pc.er
density ({,e.. tots]l thermal power per uunit of
FPC volume) and does not necessarily ioply
spall plant capacity. Also, “compact” does not
neceessarily refer to or limit & wpecific
confinement scheme: just as the HReversed-Field
Pinch (RFP% has a visble "conventional” reactor
embodiment<®, compect rsactor options for the
tokamak!S”17, the atellarator/torsatvon/
helfotron (S/T/H)%9, and certain CT confip-
urstions can b envigaged, venrral
charactariutica being wought by the comject
reactor options are: power denmi{ties with{n the
FEC approsching *howe cof light-watev f{ission
renctors ({.e., 10-15 MWt/ed or 10-30 times
Rreater than for other MFLE systemu); p-njected
totel costs that sre ralatively fnsengitive tn
large changes fn unit costs ($/kg) used tu
eati{mate FI'C and associated reactur plant
equipment (RPE) cowts, thereby reducing the {m-
ract of uncerta{ntiea in the anavcistued physics
and technology on tutsl coet; congideral'lv ve-
duced FI'C sire and mesw with potential fov
"block” ({.e., single or few-piece) {nstall-



ation and maintenance; and the potential for
rapid, minimum—cost development ard deployment.

The compact op.ion will require the
extenaion of existing technologies to accommo-
date higher heat and particle fluxeg, higher
power densities, and, in soce instances, higher
magnetic fields required to operate FPCs with
highcr aystem power densitiea. Both the
advantages and limitations of the compact
opti{o.n, as well as related technological needs,
have recently been summarized.3?

I1. STATUS

Although the achievement of physics energy
breakeven and eventual deuterfun-tritium
ignition represents m3 jor near-term and
yractically achievable goals, these conditions
wil}) be demonstrated i{n devices containing
total piasma kinetic energies that differ
significuntly from the requirements projected
for commercial power reactors. This difference
{8 best {l)lustrated on Fig. 1 by plotting the
confiuement parauweter against the total kinet!ic
energy stored {n the plasnma. Given gteady
progress towards achieving improved confinement
at reactor-like plasma densities and temper-
atures, the gan existing between experiments
and FED-like devices, as well ae between FED-
like devices and commercial reactors, trans-
lates into a need for significant technology
development .

Key ptlasma, FPC, and power-plant
paramvters emerging from recent reactor cesgign
studies are summarized on Table 1I. Given
continued steady progress, improved plasms
confinement lead.ng to plasma ignitior. appears
as a reasonably attainable goal. Extension to
the additioral 100-1000 fold {ncrease {n stored
plasma energy required for the comrercial
reactors summarized in Table I and listed on
Fig. 1, however, will require ma jor
technolngical development and attendant costs.
Significant reduction in FPC mass utiifzation,
stored ptlasmn and magnetic-field energies, and
projecled unit coats are poswsible for the
cumpact svstems. These amaller, more comparct
appir- aches may lead to a leas-costly commercial
reac.ar, while congiderably reducing develop-
ment requirementy and covts.

I11,  RATIONALE

Although the coapact spprnsches reduce the
stored plasma enevgy required for commerciul
funtan by an vrder of maghitude, while
simneltansaunly giving enhanved sydtem power
density and FI'C vaws utilization, ultimately,
the decisfon on an opt{mml eywtem puwer dennity
must be made on the basis of ecovomics. The

direct costs of a fisgion or fusion reactor s
divided into the Reactor-Plant-Equipment (RPE)
and the Balance-of-Plant (BOP) coats. The BOP
congists of all subsystems outside the second-
ary containment, The RPE cost for figsion
reactors {s soproximately 257 of the plant
totai direct cost (TDC). Moat of the atudies
sumnarized on Teble I, however, project RPC
costa that range from 50 to 75 percent of the
TDC. The BOP costs for a fission and fusion
plant of the same el:ctrical power output are
expected to be approximately the aame, although
the reactor-buiiding costs for the latter can
be greater. Hence, TDC estimates for fusion
reactors predict higher values than for figsion
power plants because of high RPE costs related
primarily to expensive (i.e., massive, high-
technology) FPCs. This simplified view must be
tempered with certain caveats. Fusion reactors
capable of gignificant direct conversion attain
higher overall energy conversion efficiencies
and, therefore, project smaller BOP costs; the
TDC, however. will be smaller only {f the cost
of the direct energy convertors is sufficiently
low. Also, aystems with high recirculating
power fractions will require larger BOPs and
asasociated coste, even though the FPC wass
utilizat{on mav be low.

A correlation of the ratio RPE/TDC with
the Unit Direct Costs (UDC) for a range of
conceptual fusion power plants (Table I) is
given {n Fig. 2; the dominance of the RPF rosts
for both mainline and major alternative fusion
concepts {s indicated. The UDC and the ratio
RPE/TDC use nominal values of ~ 900 S/kWe and
0.25, respectively, in Fig. 2 to normaifze the
fusion projectiona to LWRe. The TDC for fusion
relative to fisgion can then be determined
under the assumption that the 40P costs fur
like fusion and fission power plants are
nominally equivalent; thia curve of Ry =
(UDC)pyston’/ (VOC)prssion 18 also  given  on
Fig. 5. Assuming that the fusion system can
expand mcre onh capital {nvestment because of 4
negligible fuel cout, this tradeoff of fucl for
capital cost becomaes watrginal for Ry values In
excena of ~ 1.3 {f the fuel cost for fimsion
nominally comprives 1/4-1/3 of the energv cust,
Generally, uperdt fon {r the law=cconumfic-
leverage regime, where RPE/TDC ¢ 0.3, wiil
require the FI'C to be n lesa tlom{nant component
nf the TDC. For teasunable ovnit conts  (8/ky)
of fabricated, high-technology componenis, this
criterfon can be met only by decresncit FIFC many
utilization (toune/MWt) or {ncreancd avatesr
power denmity; move compact asystems will be
vaquired.

The F®C masns ati{li{zation for mowt fumiun
planta {8 prajected to 1{e {n  the ranpe S5-I
tonne/MWt, compared to 0,3 tonne/MWt fur lWKs,
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FIG. I. ~Achieved, projected, and reactor vslues of the confinement parameter, nig, plotted versus
total kinetic energy stored in the plasma, E_, Solid points corresprad to experimental achieviamenrs,
and open pointa are projections. Sources of Tnformntion: Alcator-C (Ret. 31); Doublet-III (Ref. 32);
PLT (Ref. 33): Hcliotron-E (Ref. 34); Wendlstein-VIIA (Ref. 33); 2T-40M (Ref. 36); ETA-BETA Il
(Ref. 37); TPE-1PM (Ref., 38); EBT-S (Ref. 39); NRT (Ref. 40); FRX-C (Ref. 41): CTX (Ref. 42); TMR
(Ref. 43).

The mass utilizatios. for the LWR {s coamputed as uncertsinties asgsociated with the assumed
the mads of (he primary containment vessel plasma performance and F¢C operation; botn
(less the fuel) divided by the total thermal significantly sffect plart performance end
power., The mass wutilization wmust be used cost, which i{n turn cen lead to uppreciable
carefuliy as a comparat've measure of system costing uncertai{nty and seignificant wunder-
performance: clearly, such comparisons imply a estipates."

monotonic relationghip betwaet mass and cost.

Systems with a FPC comprioed of large masscs of The direct capital «cost represents only
inexpens{ve coolant ({.,e., PbL{) sghould use one component used in estimating the cort of
mass utilizations that are appropriately electricity (COE). The annas! fixed charges
compensated (e.g., maas of drained blanket). will be spproximately proportionnl to the TDC
The masn of an entire fiamfon power plant, because the {ndirect cspital cost {s nominally
exclugive of concrute but {ncluding all the same percentage >f the TDC for any fusion
reinforciap bar, 1s 10-15 tonne/MWt, which for reactor, Furthermore, the fixed charge rate
wame  fusion reactors {s approached by the FPC will be the acme unless, for example, the
maas utilizat{uy slone. The FPC L YYY compsct resctors require less tlme to construct
ut{lizetions predicted for s range  of and are more amenabhle to mass production
commercial fusion resctor deafgus is ghown {n methodn. Fue' exjierses wi{ll be equal far thu
Fig. 3; an asverage FIC un:t cost of ~ 30 ¢/kg same fusion power, and operation and mafinte-
iy fmiicated, Importantly, the totsl cost of nace (0&M) coetH are expected tu be
systems  with  KPE/TDC ¢ 173 (F{g. 2) will be approximately  equal for the same  tlant

leas senaitive tu phyaics and tachnology electrical capacity. The 0&M costk will vary
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{f the costs of replacing the FPC differ. All
fugion rcactors, however, require replacement
of approximately equal masses of material per
unit time (~ 290400 tonne/yr) for the gsame
FW/B lifetime (MWyr/m?). The annual generatiny
cogt for a compact fusion regctor, therefore,
is expected to be liower than tor other
approaches to fusion, primarily because of the
lower RPE cost.

Compact fusion reactors
hipher performance devictes
fusion approaches
denuftics,

clearly nust be
relative to other
because of ‘tigher pover
t.ermal loads, neutron fluxes, and
{in 3ome casec, higher magnetic ficlds st the
co.l. These more "atreasned” operating
tonditions, ho.ever, are similar to operating
condft{ons encountered {n fi{msion systeme,
albeit in a wmore favorsble coolant geometry,
Furthermore, operating in the compact-reactor
regim: ahould not neceasarily redvce the plent
capacity fartor {f equal enxineer{ig design
eriteria are yesed; a higher unit cost for the
compact approdches, howevaer, may resulr,

Because of the significantiy reduced mass
utilization, the compact dystems can allow
"block” maintenance of the FPC, with the
attendant potential for velatively rapid FiC
change out, replacement, and resgtart.
Nevertheless, a potential exists for a lower
plant factor, perhape diminishing the prumisc
of reduced COFE related to reduced TDC and
conatruction time. Finally, the compact fusiou
optiors may offer cost and achedule advantages
for the overall devel:pment of a uaable product
for fusion, thesc advantages also being relate]
to the lesser role played by the FPC and
aspocisted Bsupport systems in devices leading
to the recactor; a holder resmearch and develap-
ment Progrem may ensuc,

IV.  PATUHWAY

By focusing on the aystem power deunaity,
PT“/VC, where NTH {o the total useful thersal
power and VC {s the FI'C volume, tha geneval
characterintics for o compact fumion reactuar
can be estimated, The system power density,
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Plot of UDC versus RPE/TDC for a range
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costs to the LWR (UDC = 90C §$/kWe, RPE/TDC =
0.25), the curve of Rye = (UDC)FUSION/
(UDC)prggron {8 also shown as 8 function of
V?E/?Dé unger the assumption of nearly equal
RAOF cost for comparable fusion and fission
power plants.

expressed {n terms of the neutron f{rst-wall

loading, Iu(Hw/mz). blanket energy wmultipli-
cation, Hx. first-wail rad{ius, ‘u
blanket /shield thickness, 4b, and nominal <coil
thickness, &, is given by

Pry . 21, (My + 1/ &)r .
Ve o (ry 4 8b + 4)?

Based solely on Fuclidian arguments for a
toro{d that can be spproximated by )
cv'indrical geometry, the max{mum syatem power
density occurs for r, = 8b + 6 and equals

P I, (M, + 1/4)
(=) - S (2
¢ MAX, T, My

In arrivirg at this exprewsion, i,, 4b, and 6
sre held constent, {gnoring the relstively weak
{aterdefiendence hetween 4b, Iv. Ty MN. and the
deaire to achieve » given radiation/heating
level at the coil position. Within theae
limitatinne, EQ. (2) ind{cstes threce approaches
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FIG. 3. Correlation of the UDC projected for a
number of fuaion reactor designs on the FPC
mass utilization. The small variations

resulting from differences in total power out-
put have been reduced by normalizing atl
designs to 1000-MWe(net) plant capacity.

to increased system power density and decreased
FPC mass utilization.
® Increase blanket energy multiplication,
M.,
n
- reusl increase: in situ fission
- virtual {ncrease: in situ fissile-fuel
breeding
® Increasge fusion neatron first-wal!l
surrent: IV(HU/mz) = 0.57:p828“.

@ Decrsase minor systems radius, te
+ &, which {8 arhieved through a
blar.et/shield thickness.

= r, + 3b
reduced

Using Eq. (2) and requiring (PTH/VC)HAX >
(PTH/VC);AX' the latter being a reference or

design value,

4
_ oyt (3
2(20)2(ab + §)2ny MAX
where r, « 4b + 6 and s constraf{nt uvu tota!
power {a fpplied. For {netance, {f VT‘ < 4000
MWt, requiring that the major radius dr, 4
&b+ & « 2(ab + 48), ard specifying that



(Pry/V)Y > 10 Mu/m? together lead to the
following constraint

Pry

*

MAX

(8 + 6)3 ¢ —

< * 2,56 o3 (&)
(Pry/V.)

(4x)?

or that &b + 6 < 1.36 m. Clearly, only thin
tritiuc-breeding blanketa (&b > 0.6 ®) and
res{st ve magnets (6 ¢ 1.36 - 4b = 0.8 m) can
meet these constraints.

The compact reactor option with
PTH/Vc > 10 MWt /m3, therefore, is available to
MFE approaches that: a) can operate with long-
pulsed or sgteady-state resistive coils while
conguming only a small portion (< 5-10%) of the
fusion power, and b) can operate with atcady-
state first-wall neutron currents given by

Pry 2(ab_+ §)
I (MW/2?) = '\—V—c-)mx Wy + 74
ZPTH!/3 ;(PTH/VC)‘HAX}2/3

< * 15-20 MW/2? , (5)

(Mg + 1/6)(am)273

where, again, (?TH/V ); = 10 MWt/m3, Pry =
4000 MWt, and M, = T.E ave been usged. Heﬁce.
fus!on neutton {rst-wall loadings that are
5-i(C greater than those being projected for
other systems wi.! be required. Furthergore,
recalling that I, ¥ 0.57828“r_ and aesuming r
¥ r,, the comspact reactors must be baged on
plasmas that are capable of 882 > 5.1 T2, where
8 {s evaluated at the plasma surface and
tvpically s less by a factor of ~ 2 than the
magnetic field at the coil. Generally,
improvemestts {n beta and/or coil technologies
will be required for man,; of the approaches
listed on Table 1 in order to significsntly
enhance the system power density, decrease the
mass utilization, and lower the TDC and CNE.
Simultaneousiy, thesge cond{tions mugt be
achieved (n copper-coil sgystems that do not
require a large fraction of the fusion nower to
recirculated for makeup of Ohmic loases, there-
bv assuring the cost advantages of less mass{ve
FPCs are not s«criously eroded by abnormelly
lurge BOP coats.

V. OPTIONS

The survey of compact fusion concepts
given by Gross in the Ref., 30 workshop
encompasses toroidal devices supporting large
plasma current density (RFPs, OHTEs, high-field
tokamaks), a variecy of field-reversed config-
urations and wspheromaks, and other very denge
and haghly pulsed configu-ations (i.e,, denge

Z-pinch, {mploding liners, wall=-confined
syatems). Only the firat grouping (RFPs,
ORTEs, high-field tokamaks) is congidered here,
these devices sharing ccmmon features of Ohmic
heating to {gnition in a resistive copper-co!l
aystem, while focusing specifically on the reed
for high system power densgities. Typical
parameters for the CRFPR, OHTE, and Riggatron
reactora are alao given {n Tatle I.

A. Compact RFP Reactor (CRFPR)!3

The CPRFPR {8 a toroidal axisymmetric
device {n which the primary confinement field
{8 poloidal being generated by a toroidal
current flowing in the plaama. :!though large
within the plasma, the toroida! field pasrses
through zero at the plasma edge, reversing
direction to a very low value at the magnet
coils. The regulting large magnetic shear
allows high-8 operation and i{s wmaittained by
intrinsic plasma processes that converr
poloida) to toroidal flux, thereby maintaini:g
the reversal. All coils are positioned
externally to the bianket, enhancing the
ability to breed tritium, providing radiation
protection of the exo-blanket <coil, and
decreasing the recirculating power fraction.
The high power density {is attai.ed with
moderate betzsg (0.1-0.2) without requiring high
fields at the coils, which also substantially
reduces the recirculating power fraction.
Significantly smaller plant-capacity systets
than the 1000-MWe reporied in Table I are also
possible for the CRFPR, although at a higher
unit cogt, Central to the achievement uf high
systen power dengity {8 the reduction ({n
blanket/shield thickness accompanying the use
of normal copper coils. For efficient hea*
recovery and for adequate tritium breeding,
minimum blanket thicknesges of ~ 0.h m will be
required. Although desigued for long-pulsed
operation, the potential exists for a unique
and erficient steady-gtate current drive®® for
the KFP.

B. Obmically Meated Toroidal <xperirient

(OHTE) Reactor*®

More conservative assumptions with resonect
to the external control plasma cnergy l-:sses
that sccompany the mdintengnce of torridal-
field reversal near the RFP plasma cdge .cads
to the OHTE, The field reversal and assoctated
magnetic ahear at the plagma edge iy controlled
by actively-driven helical coils positiouncd
near the plasma edge. The high-power-density
operation is attained at moderate to high beta,
but with higher coil fields than for the RFP
without helical windings, To enwure praper
field structure these helical coily force
lurger aspect ratio plasmas, {ncrensing the
etored wmagnetic energy. In addition, this




winding produces magnetic flux {n opposition to
the ohmic heating (OH) winding requiring
increased current swings of ~ 2SI ian the OH
aet. Since the resgistive copper coils are
operated near room temperature aad ate
positioned near the firat wall, the overall
system performance may be reduced in terms of
increased recirculating power, reduced plant
thermal efficiency, and {acreaaed atored
energy.

C. Riggatron High-Field Tokamak!>

The Riggatron {s baaed on a high-field,
Ohmically-heated tokamak that wuses a high
torofdal current density ar4 high toroidal-
field copper coils pos{tioned near the first
wall., Net energy productios. 18 possible in a
relatively short burn period from a
moderate-beta, Ohmically-heated plasma. The
‘evere thermal-mechanical and radiation
environment in which the relatively inexpensive
plasma chamber and coil set wust operate
dictates an approximately one-month life. The
overall gystem performance in terms of plant
therma: efficiency and the ability to breed
tritium {8 reduced, since the coils are
positioned near the first wall, Unlike the
compact RFP and OHTE reactors, the fusion
neutron power {8 recovered in a fixed lithium
blanket located outside of the plagma chamber
and wmagnet sgystem. Recovery of Ohafc and
neutron heating in the copper coils {8 also an
eggential element of the overall Riggatron
power balance, which like the OHTE reactor
requires a large recirculating power fraction.

D. Other Potentlal Approaches to Compact

Reactors

A number of reactor configurations based
on fleld-reverged“! or spheromak“z plasmoids
may qualify for the compact, high-powetr-densgity
option, as previously defined. These Compsct
Toroids (CT) are generally pulsed gyatemsg based
efther on a translating burning plasmoid or a
stationary plasmoid that {8 subjected to {n
situ magne:ic and/or liner compression. The
latter approaches, as embodied in the TRACT¢?
or LINUS?¢: reactors, offer .he potential for
system p~wer densities approaching the 5-10
MWE /m range; other CT reactor embcdiments slgo
pronise gignificant increaaes in s8system power
density. The advantages and limitation of a
number of CT reactors have been reviewed {n
Refo. 9 and 25; no attewpt {8 mcde here to
{nclude unique engiancering and technology needs
of the CT regctors unti]l regctor designs that
emphasize the wepecific ~o0al of high system
power density and reduced cost becowe avail-
abie, Similar comments apply to the other
AFCs.

VI. TECHNOLOGY

The technology requirements for the
compact apprcaches have been aummarized3?
relative to the STARFIRE .ckamak.’ This tech-
nology assessment has been preaented a.cording
to wmajor uvatems that o *ly impact the FPC
(Plaama Engi.seeriang Sys Suclear Systems,
and Magnat Systems); some i, .cations on Remote
Maintenance and Safety syatems are also
given.3°

Compact reactors would opirate at higher
plasma densities and, therefore, refueling,
{mpurity con%rol, and ash removal requirements
differ, The higher oplasms denaity may also
lead to more difficult rf current-drive
requirements for steady-state operation. The
potential for low-frequency (few kHz) "F-0
pumping"so avallable to the RFP and OHTE,
however, represents an attractive me&ens o
drive steady-state plasma curvents. The first-
wall power loady for compact reactors are
higher than for other fusicn systems, which
also leads to higher blanket power densities.
Although the FW/B for the compact systems would
operate under more highly stressed conditions,
these conditions are considered atandard for
fiegion energy sources. The magaetic fileld
requirements for the RFPs can be lower than for
most fusion reactor systems, but thu fields are
congideradly highes for the Riggatron.
However, the primary difference in magnet tech-
nology is reflected by the uae of
resistive-copper rather than superconducting
cofls for compact fusion reactors, giving the
lattes an enormous advantage in termus of de-
velopwent and reliability requirements.

The requirements for the Plasma
Engineering Systems should not significantly
d{ffer from other fusion systems. Becausgse of

the higher first-wall thermal loadings, a heat-
flux-concentrating limiier does no: appear
feagible, and a Jarger fraction of the first
wall will have to serve the limiter function {f
a divertor i{s not used. Therefore, the compact
option poseg nore difficult technology
requirements related to the first-wall thermal/
particle load and blanket (»r magnet for
Riggatron) power density. A potentially more
difficult safety requirement for the coamnpact
system: 18 related primarily to the need for
i{ncreased emergency-core-cooling capability
because of the higher afterheat power density
{n the FW/B or in the coils in the case of the
Riggatron, this enhanced sfterheat puwer
dengity resulting from the higher overall
operating blanket power denaity. The magnet
technology requirements are significantly less
difticult for the CRFPR and OHTE concepts



becauge of the absence of superconducting
magnets and, in the case of the CRFPR, the
steady-state magnetic fields are low. Lastly,
becauae of the physical aize and cass, block
maintenance {a posaible for compact reactors,
wherein the complete FPC ia removed external to
the reaztor cavity, for maintenance and crepair
operations, with a more rapid replacement by a
fresh, pre-tested uanit, promising ahorter down-
times and more reliable restarts,

VII. SUMMARY AND CONCLUSIONS

In sgummary, the following characteristics
emerge for compact fusion gystems.

® The FPC is comparable {n mass or volume to
comparable heat aources of alternative
fission energy sources.
- system power density: 10-15 MWt/m3
- mass utilization: 0.4-0.5 tonne/MWt

® {DC (5/kWe) and COE (mills/kWeh) are less
sensitive to large changes {n FPC unit
costs (5/kg) and related phys!ca and tech-
nology.

® Rapid development at rcasonable cost may
be possible.

- smal]l system size, flexible (alterable)
deveiopment path, possible to ex-
periment with technology paths while
avoiding large cost and time penaities.

- no need for long-lead development items
that are sufficiently wuncertain in
themgselves as to {mpact the overall
approach (..e., largn superconducting
magnets, high-frequency/large-power rf,
large-power/ gteady-statc neutral-beax
i{njectors, remote maintenance of
magsive structures).

® “Block"” {nstallation and @wmaintenance
becomes a poasibility.
- off-site mass production of complete

FPC.

- gshortened congtruction times,

-complete pre-installation thermo~-
mechnical/electromechanical/vacium test
of FPC.

- shortened scheduled/unscheduled down-
time and higher plant availability.

Generally, the compact options require the
extension of existing technologies to accommo-
date the higher heat fluxes and power densities
needed to operate the FPC with enuanced systenm
power deigsity and mass utilization. The major
technological challenge, therefore, rests with
achieving reliable reactor operation of a more
highly "atressed" FPC. In return, a power
eystem emerges {n which basic physics and tech-

nological unknasms related to the FPC exert
conaiderably reduced economic leverages on the
total plant and energy cos*s. Equally {f not
more important are the benefits related to mcre
rapid development, inatallation, and mainte-
nance of FPCs that are at leas* an order of
magnitude less maasive and complex than those
pregently being projected for other MrE ap-
proaches.
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