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Compact Stellarator Reactor Study

* Purpose -- assess QA concept as reactors

* Why do it?
— Needed for PVR to explain “compact

stellarator” reactor vision to DOE,
FESAC, and the community

— Understand sensitivity to assumptions

— Potential influence on research program
and design

* Tools -- reactor systems optimization code
(iIntegrated 1-D transport + plasma/coill
geometry + ARIES cost algorithms and
blanket/shield/coil assumptions)



Earlier Stellarator Reactor Studies

* HSR based on W7-X and
conservative physics, NbTi
technology

— Ry=22m, B,=5T,
B,.., =10 T, [Bl= 5%

* SPPS based on W7-X like
configuration (MHHA4)

B,., =16 T, [BLF 5%
— smaller size: more

aggressive physics and
technology assumptions




Most Important Measure of

Reactor Attractiveness is COE

Reactor Type |Ro/<a>|Ro(m)| Pwall | COE | Q.0 |Bmax/Bo| Bo(T)
am) | MW/MZ2 | mins/kwh

W7-X based high-A 12.2 22 0.5 >110 2.11 4.8
HSR stellarator 1.8

W7-Xlike modular g6 | 139 | 13 75 | 19.3 | 2.94 4.9
SPPS stellarator 1.6

ARIES-IV | 2nd stability | 5 g 6.0 2.7 68 52 | 2.09 7.6
tokamak 2.1

ARIES-RS |reverse shear| 34 .9 4.0 76 5.9 1.98 8.0
tokamak 1.8

ARIES-ST | spherical | g7 [ 3.2 41 >76 | 3.1 | 355 2.1
tokamak 3.7

* R, Py NOt the most important measures!

* Higher value of Q.,, compensates for R, P,




May 1999 Look at QA Reactors

T o — — — — — — — — — —— — — — — —

Y Y R
Configuration Ro/D H Ro(m) | 1.15x P Bo(T) Pelect ) Pwall
Ro/<a>flp a(m) | Bmax/Bo GW MW/m?2

QA C82 5.8 8.9 2.54 6.3 2.0 4.7
3.4 2.6

QA A4.1 5.8 9.0 2.20 7.3 2.6 7.0
4.1 2.2

QA C93 5.8 9.0 2.14 7.5 4.2 9.5
3.4 2.7
tokamak 3.1 1.8

SPPS 7.0 13.9 2.94 4.9 1.0 1.3
stellarator 8.6 1.6

* Closer to ARIES-RS than SPPS
°* B,.,,=16T and <b>=5% leads to large P

elect



May 1999 Conclusions

QA Compact Stellarators lead to more attractive
reactors, but not smaller reactors

Ultimate figure of merit for a toroidal reactor is the
cost of electricity, not major radius or wall power
density, when comparing different concepts

However, major radius and wall power density are
Important when optimizing a particular concept

R,/<a>= 3.4 and 4.1 QA configurations lead to
smaller reactors closer to ARIES-RS in mass power
density than the earlier cost-competitive SPPS

QA configurations so far have not been optimized
for a reactor; need to reduce Ay further

ARIES study will be needed for better optimization
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Minimum Reactor Size Is Determined by D

* A configuration is chacterized
Center of Coll by the ratios Ay = R,/D,
Winding Surface —
0 A, = Ry/<a> and B /B,

' Major Radius Ry * The minimum reactor size is

I
I
: set by R, = A (D + ct/2) where
: D is the space needed for
: scrapeoff, first wall, blanket,
| - D = B.O shield, coil case, and

Plasma Surface
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|
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|
|

'Minimum Distance
| assembly gaps
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:Surface

* Cost u surface area p AF/A,
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Simplest Extrapolation of a Compact
Stellarator to a Reactor

Vary distance Dfor compact stellarator configurations

— calculate sheet-current solution at distance D from plasma that
recreates desired plasma boundary

— calculate B,,,/B, at distance ct/2 radially in from current sheet
— B, /Byis larger for actual modular coils, so use 1.15B,_,/B,

Choose maximum credible distance DP R, = Ay(D + ct/2)
— Coil complexity (kinks) increases with increasing D

Choose minimum ct/2 that satisfies constraints
— Ampere’s law: B, = 2mNjct?/(2pR,); coil aspect ratio = 2 assumed

— By = BiiUcoi)(Bmax/Bo): Bmax/Bo iNCreases as ct decreases

R 1 Pision/Bo* SO want high B, for smaller reactor

— but B, decreases with increasing D (B, .,/B, increases)

max

Need to redo for real modular coils
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B,./B, Scan for Reactor-Scale QA's

B,../B, calculated at coil inner edge
(on a surface shifted inward by half coil depth)
from Nescoil surface current solution at coil center

QA c82, c93 Bmax/Bo vs Half Coildepth,
Ro=9.3m,D=1.6m
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Coil Half-Depth Is Chosen to
Minimize R

B, (T)

Operating

Point
51 i ]
ST~ =3KkAlcm?
based on
. i o] 1a5B../B,
0.1 0.15 0.2 0.25 0.3 0.35

ct/2 (m)
* R,/A=5.8case, 21 colls, 2:1 coil aspectratio; B, =16T
* Based on surface current distribution , not modular colils
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Systems Code Integrates Physics, Materials, Cost Models

e Stellarator transport options (ISS95 + Shaing-Houlberg)
(a) 1-D evalutions with fixed profiles
(b) solve for T(r) and T,(r) with fixed n.(r) and E(r)
(c) solve for T(r), Ti(r), n.(r) and E,(r) with fixed particle source
* ARIES magnet and reactor material assumptions

— multi-region blanket and shield (except for divertor regions)

— B,a VS ] In coil from ARIES studies

— allowable stresses, reactor safety penalties, etc. from ARIES

* ARIES costing algorithms based on cost per kg
— ARIES-RS values, to be updated soon by Miller for ARIES-AT

* Minimize cost (<R>) with constraints from above models

* First step is with fixed profile shapes



A Typical C82 Reactor Case

Operating Point
<n>=1.010m"3

o ong <T>=11.8 keV

v 4 <b>=3.8 %

] Prs = 1.73 GW

Saddle Point
<n>=5.8 1019 m-3
<T>=6.1keV
<h>=1.1%

P... =14 MW

lgnition minimum
<b>=2.5%
0 P =0.7 GW

fus

>=4%

///
/
B
P
L _
)
<
R
/ ""‘.4
/
/
s
g
,
/
,
,
,
/
,
|
I I

100

s | | |
0.0 4.0 8.0 12.0 16.10 2

<T> (keV)

=

fus

* R=9m,B,=5T (B, =12.77T), 2.5 x 1SS-95, 5% a loss
t,/tc=6 P 5.3% He, ny/n,=0.83,Z,=1.5



Operating Point Moves to Higher <T>
as 1SS95 Multiplier H Increases

° R=9m,B=5T,5%alosses, t, /tr =6

= T ¥ ~N T
; |
\ ! l '
N i i\ ;
N - :
r
! 1
’ - \ H
= ' R H
~r " ~ ¥
\ r
r -
A ,{
e H
¢
]
)
i
!

=3)

<n> (102 m

-
i
.
- ‘
=P A .
0a ) 30
) ‘ ‘
v |
N
|- A
‘\




Operating Point Characteristics
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Higher B Required at Lower H

“1 P

= 1.73 GW,,

fus

6 | <B>

B (T), <B> (%)

1.75 2 2.25 2.5 2.75 3

ISS95 Multiplier H

* R=9m, 5% alosses, 1, /=6
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C82-Based Reactors Are Sensitive
to Plasma-Coil Spacing

Plasma-coil Pwall Pelect Ro (m) Bo(T) 1.15 x
spacing (m) | MW/m?2 GW a(m) Bmax/Bo
1.3 8.9
(ARIES-RS 4.7 2.0 6.3 2.54
inboard bl+sh) 2.6
1.5 4.5 2.5 10.1 6.0 2.65
3.0
1.7
11.3
(ARIES _IV’ 4.0 2.8 5.7 2.81
SPPS bl+sh) 3.3

* ARIES study is needed to determine realistic

plasma-coil spacing and estimated COE




Next Steps in Reactor Studies

Minimize CoE with 1-D transport models
— examine sensitivities to assumptions

Need better modular coil representation
Improve QA plasma and transport model
Incorporate ARIES-AT models, costing (Miller)

Involve ARIES Group (Najmabadi)
— May meeting to organize ARIES studies
— thinner blanket and shield

— advanced superconducting coils
Look at high-b QO reactor case?
IAEA paper in October, PVR documentation



