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Compact stellarators (stellarator-tokantakorid configurations with plasma aspect ratiys =
Ro/ap = 3-4) could combine théest features of tokamaks (moderate aspaad, goodconfine-
ment, and higl) and currentless stellarators (steady-state operation wiktarnal current drive
or disruptions,stability against externdtinks andvertical displacemengvents without a close
conducting wall oractive feedbackystemsand lowrecirculatingpower in a reactor). Lowekp
leads to reduced sider higherwall loading and lower codbr a given fusion power,which
translates into lower cost of electricitfhe Ry = 14 m StellaratoiPower Plant Study (SPPS)
reactor was calculated to be cost competitive witlRgwe 6 m ARIES-IV andRy = 5.5 mARIES-
RS tokamak reactors with higher wall power density because of SPPS's low recirculated power. A
more compact stellarator reactor could retainctb&t savingsssociated withthe low recirculated
power of the SPPS reactor, but with smaller size (lower cost) and higher wall power density.

Three low-aspect-ratio stellarator-tokantakorids (in whichthe poloidal field is created by both
currents in externalindings andhe plasmabootstrap current,gk) are examined as reactors: a
low-Igs quasi-omnigeneous (QO) casanadium-gs quasi-axisymmetri€QA) case whichforms

the basis forthe proposed NCSXexperiment, and a highegd QO case. The corresponding

reactor configurations are characterized by the rétjos Ro/A, A,, andBpy /By whereA is the
minimum distance between the plasma edge and the center of thircaitfiven Ry, andByay IS

the maximum field on the coils. The minimum reactor size is s&yby Ap(D + ct/2)where D is

the space needed for scrapeoff, first wall, blanket, shield, dewar, coil case, and assembly gaps, and
ct is the radial depth of the modular coils. Values for these distances are obtained from three reactor
models: the HSR based on W7-X, ARIES-RS, and an LHD-based reactor. Feadtuesystems

studies, the NESCOIL code is usedciculate thesheet-current solution at a distadcérom the

plasma that creates the desired plasma boundary for different valMemnaB,,,,,/Bg is calculated

at a distance ct/2 radially finom the current sheet tohoose amaximum valuefor A. Discrete

modular coils will be calculated using the NESCOIL &@ILOPT codes andhe MAGFOR code

will be used to calculatB,,5,/By to refine the parameters of the reactoosn the MHHOPT cost-
minimization reactor systems code [1]. The reference plasma assumptions are volume-aferaged

< 5%, Lackner-Gottardi confinement multiple2, broad density profiles withe < nsydo N(C)/Ng

= 0.01, andn(He),hg = 0.05. The reference device parameters Aje= 2.22, Bmax < 16 T,
ARIES-RS blanket and shield, aRdiectric= 1 GW (net).

Table 1 compares parameters for SPPS and a medgI@A reactor obtained using the ARIES-IV
materials assumptions and costing algorithms and-B model based on Lackner-Gottardi
confinement scaling. Th&, = 3.4 QA configuration is closer to ARIES-RS in size thiz earlier
cost-competitiveSPPS [2],resulting in a reduce@oE. Figure 1 shows BOPCON plot of the
operating space (volume-averaged dengifyand density-averagettmperature(T[) for a QA
reactor. The solid linesindicateconstant auxiliary heatingower, the heaviersolid line indicates
ignition, and the orthogonal set of broken lines indicate conBiagién The dot marks the 1-GWe



Table 1. Reference Reactor Parameters. =

Parameter QA | SPPS

Ave. major radius R(m)|| 9.0 | 14.0

Ave. plasma radius (m) |[ 2.5 1.6

Field on axis, B (T) 5 5

Bmax (T) on coil 13.5| 14.5

Vol. ave. <n> 1020m-3) 1.1 2.3

n-ave.Temp. <7>kev) || 10.7 | 6.7

Vol. ave. beta [B[}%) 3.5 4.7

DD

L-G Confinement mult. 2 1.25 7
Wall power (MW/m2) 4.7 1.2 0D 4.0 8,0 . 130 16D 200

Fig.1. Operating space for a QA reactor.

operating point. Other transport models used in the study are: (1) a 1-D transgelrthatsolves
the electron and ioheatflux equations forTg(r) and Tj(r) with anomalous and electric-field-
dependerige (r) for different fixed g(r) and electric potentiaf(r) profiles; and (2) a self-consistent
1-D transportmodel thatsolves forTg(r), Ti(r), ne(r), ni(r), and ¢r) assuming onlheat (alpha-
particles) and particle source (pellets or gas) terms [3].

The study examines sensitivity to various assumptions and constraihésdptimization: different
0-D and 1-D transport models, level of the ambipelactricfield, degree of alpha-particlesses,
beta limits, impurity levelmax jcoil, €lectric power outpublanket and shieldhodels,materials

and costingassumptions, etc. The table below indicatesthe sensitivities tosome of these
assumptions athey are varied one attine for reactors withRy = 9 m andRy = 13.3 m. The
value of Ry is set by the blanket and shidldickness, orequivalently the minimum distance
between the plasma edge and ¢bds. The updated costing algorithms and blanket/shield models
being developed for the ARIES-AT study will be applied to these cases.

Rp=9m Rp=13.3m
Parameter B, T | B0®)|Parameter B, T | BO®%)
base case, Peglect = 1 GW 5.0 3.5 | Pelectric =1 GW 50 2.6
Reduced field on caoill 4.4 4.6 |Reduced field on coll 3.8 4.4
Pelectric = 1.5 GW 5.0 4.4 | Pelectric = 1.5 GW 5.0 3.3
Pelectric = 2 GW 5.0 5.2 | Pelectric = 2 GW 5.0 3.9
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