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1. Pass to an Attractive Power Plant based on the Success of the ITER Project
The fusion power plant in the future should be made economically and environmentally attractive

compared with other advanced energy sources. In particular the achivement of a competitive cost of
electricity (COE) is the first priority for electric power industries. The Compact Reversed Shear Tokamak
'CREST' has been proposed as a cost competitive reactor concept based on the reversed shear(RS)
operation[l]. The moderate aspect ratio A=3.4 and the elongation K=2.0 of the CREST are very similar to
the ITER advanced mode plasma. Therefore the CREST can be regarded as a feasible power plant concept
which will succeed the ITER project. The design of CREST has been improved in order to achieve further
reduction of COE. The new design adopts the ferritic steel components as well as an advanced super-heated
steam cycle which is used to achieve a high thermal efficiency (T|=41%). The current profile control and the
high speed plasma rotation by neutral beam current drive(NBCD) stabilize the MHD activity up to PN =5.5.
These two high values (TI and (5^) are very effective for the reduction of the COE. Our cost assessment has
shown that the CREST would generate about l.ZGWe electric power with a competitive COE.

2. Stability of the High Beta RS Equilibrium
The major parameters of the CREST are; major radius R=5.4 m, plasma current Ip=12 MA with the

bootstrap current (BSC) fraction ft,s=85%, fusion power Pf=3GW. The vertical cross-section is shown in
Fig.l. The current profile has been optimized by control of the power ratio between two beam lines (2.5MeV,
94MW in total). The current profile is well aligned with BSC as shown in Fig.2. Because of the large
momentum input due to NBCD, the mean toroidal rotation velocity v ro t is over 105 m/sec (assumimg
Trot=2xg). The ideal kink and resistive wall modes are stabilized by this fast rotation and a closely located
conductive shell to the plasma. The plasma positional stability is kept by copper feedback coils located
inside the TF coils and by the poloidal SC coils located outside the TF coils. An example of the feedback
system simulations against a small (3p perturbation (=0.5) is shown in Fig.3.

3. Radiative Cooling and Partial Load Capability
The high heat load of divertor is a common issue for all compact tokamak reactors. In the CREST design,

a small amount of high Z impurities (0.1% Krypton and a smaller amount of Xenon) is added in the main
and SOL plasmas in order to radiate 90% of the thermal power to the first wall. With this active Zeg-
control, the CREST has a capability for the partial load operation from 60% (Zeff=2.0) to 100% (Zeg=2.4).
This operational flexibility will be highly attractive in actual commercial use.
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4. Blanket Design for Super Heated Steam Cycle
Similar to the high (3^, the high thermal efficiency is one of the key parameters for reducing the COE.

Therefore the sub-critical super-heated steam cycle has been used. The maximum pressure and temperature of
steam in the blanket are 13MPa and 480 °C. These values have been attained in nuclear and non-nuclear plants
to date. The mean power loads on the first wall are 1.2 MW/m^ in thermal flux and 4.5 MW/m^ in neutron
flux. The first wall sector should be cooled by water because of its high heat flux. The water is heated up to 300
°C in this sector, and flows into the blanket and boils partially. After water/steam separation, the steam is super-
heated up to 480 "C in the blanket (Fig.4). A careful mixture of Li2O and Be pebbles has made such a
water/steam combination cooling possible[2]. The expected thermal efficiency of this system is 41%.

There is a unique problem in the blanket design of RS tokamaks. A conducting shell for kink-stabilization
must be placed near the plasma surface, i.e., inside of the breeding blanket. Solid Zirconium plates have been
selected in order to minimize the loss of tritium breeding ratio (TBR) due to this shell. The reduction of TBR
due to this Zr shell is only 0.05. The local TBR up to 1.4 is achievable by optimizing the Li2O/Be pebble
mixture rate.

Although many issues still remain to be solved, the CREST study has shown that an attractive reactor
concept would be brought about by the success of the ITER project.

[l]Okano,K. et.al., in ISFNT t̂, ND-P17, Tokyo, 1997. To be published in Fusion Engineering and Design.
[2]Asaoka,Y. et.al., in 13th Topical Meeting on Technol. of Fus. Energy. To be published in Fusion Technology.

Fig.3 Feedback control
of plasma position.
6pp=-0.5 and 81p-0.05.
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Fig.l Elevation view of the CREST.
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Fig.2 Profiles of q and currents. NBCD
is optimized so that the target q-profile
can be attained.

Fig.4 Concept of cooling
channels by water and
super heated steam.
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