The Meaning'of High Power Density for Tokamak Reactors
Clement Wong
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COE of Tokamak Reactors
{NC-normal Conducting Coils, SC-Sup ducting Coils)
Toknmek Physics Parameters 1 GWe - NC tokamek prefers low A
(Shaping lIaciors: Sn=0.634, 81:0.702) 2 MW/m2) I . SC tokamak prefers medium A
o B ! y - 2] NC and SC ks have skilar
" Y —
—&— Beta-N - -}, 2GWe NC and SC tokamaks can
e s —— Beta-t - - ]
e cenfeme Bota-p £ bt
En
60
so g 3 Fd
I e ey e T e R
1 s T2 25 3 3s .
&4
Aspoct Ratio —— Aspect Ratio Project COE from Coal with CO2 sequestration

23542010 40 =55 o 75 millkWh (S. Fetter)

e Completed Mapping of Normal and Superconducting Coil Reactor Designs
including Cost of Electricity (COE)

e Results show 2 GWe NC or SC Tokamak can have COE ~ or < 65 mill/lkWh
 High power density: 4 < NWL < 8 MW/m? is the appropriate range.

GENERAL )
ATOMICS Work supported by General Atomics



100 -

~"Tokamak Physics Parameters
(Shaping factors: Sn=0.634, St=0.702)
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Key System Design Process of a Tokamak Reactor
Normal conducting cgil design
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Superconducting coil design
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(Reds are design constraints)



Key Inputs

Inboard stand-off distance: SC (1.3m), NC (0.23m)
SC coil conductor Jc = 31 MA/m?

NC central column water velocity < 10 m/s

Kr added for radiating of transport power
Bootstrap fraction = 90%

ARIES-RS and ARIES-ST n and T profiles
Thermal efficiency = 46%

Assumed availability = 75%

ARIES costing assumptions
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COE for Superconducting Coil
Tokamak Reactors

A SC magnet design point:
2 GWe

'COE @ 60 mill/kWh

A=4 and NWL=7.5 MW/m2 -

Loadiné)

1 (2MWim2)

97

é | 25 : 3
Aspect Ratio (A)

35




COE, mill/kWh

190

140

w0
o

40

~ ‘COE for Normal Conducting Coil

Tokamak Reactors
(Central Column Water Velocity ~10m/s)

A=1.4 and NWL=7 MW/m2
. COE@ 64 millkwh

An NC magnet design point:
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Superconducting Tokamaks
(A=4, const. Jc=31 MA/m2)

__ Net Power: 1 to:ﬁ:2 Gwe
-~ COE:7.7 to 6 cents/kWh
-~ NWL:4 to 7.4 MW/m2
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Superconducting Tokamaks
A=4, const size Ro=5.9 m
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Normal Coil Tokamaks
A=1.4, const. Jc @ 24.8 MA/m2

Net Power: 1 to 2 Gwe
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Normal Conducting Coil Tokamaks
A=1.4, const. Ro=3.33m
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Tokamak Reactors

Total Cost and COE versus Net Electrical Power
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Design points at different
A and NWL

2 GWe SC and NC
Tokamaks COE can be
around 65 mil/kWh
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H-ITER98p(y) Factor
and Greenwald Density Limit Ratio

NC and SC design points
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Table 1. Physics and Engineering Parameters of 2 GWe NC and SC designs

NC Design  SC Design

plasma aspect ratio, A 1.4 4
plasma vertical elongation 3.044 1.769
minor plasma radius, a, (m) 2.375 1.474
major toroidal radius, Rg, (m) 3.325 5.895
plasma volume, (m3) - 959.5 392.5
first-wall surface area, (m2) 657.8 - 505
radial profile exponent for density, sp 0.25 .634
radial profile exponent for temperature, sT 0.25 702
toroidal beta, (%) volume averaged 56.3 2.9
poloidal beta, (%) volume averaged 1.39 2,234
on-axis toroidal field, (T) 2.065 10.3
plasma current, (MA) 35.37 12.367
plasma ion temperature, (keV) peak 16 18
peak plasma electron density, ng, (1020/m3) 3.019 5.278
peak plasma ion density, (1020/m3) 2.275 4.03
energy confinement time (tz-ITER98p(y), s) 1.196 5.822
Kr concentration .00126 .00098
helium concentration - 0.1 0.1
effective plasma charge, (Zeff) 2.789 2.436
average fusion power density, (MW/m3) 5.617 11.885
fusion power, (MW) 5390 4665
number of TF coils 12 16
mass of TF coil set, (tonne) 1494 1450
TF central column avg. current density, (MA/m2) 24.8 31.044
TF coil resistive power consumption, (MWe) 375.1 0
recirculating power, (MWe) 765.1 473
thermal conversion efficiency, (%) 46 46
CD/heater [FWCD*] power, (MW) 247.8 348
plant Q 3.626 5.243
total useful thermal power, (MW) 6030 5400
gross electrical output power, (MWe) 2774 2484
-net electrical output power, (MWe) 2009 2010
average 14.06-MeV neutron load, (MW/m?2) 6.6 7.5
Li blanket energy multiplication 1.1 1.1
Average first wall heat flux, (MW/m?2) 1.785 2153
Divertor max. heat flux, (MW/m2) 2,041 1.474

*Fast wave Current Drive



MHD stability physics results have been used to scan normal conducting and
superconducting tokamak reactor designs with aspect ratioof 1.2t0 4

CONCLUSIONS

Normal conducting coil tokamaks are best at low-A from 1.4 to0 1.6
Superconducting coil tokamaks are best at medium Afrom3to4

Normal conducting and superconducting coil designs have similar performance,
e.g. 2 GWe reactors can have COE ~ or < 65 mill/kWh

COE reduces at higher neutron wall loading (high power density) but there is no
strong incentive to go beyond 8 MW/m?

OBSERVATIONS

Robust 4 MW/m? < NWL < 8 MW/m? and corresponding heat flux components
design requires innovative design approaches and advanced fusion materials

Similar parametric studies should be performed for other: confinement concepts
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