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Abstract I a a [(A - 1) - û/aj

GA Tokamak EPR reference design is presented as a
basis for further study loading to a conceptual design.
The set of basic plasma parameters selected, namely,
minor radius of 2.25 m, icajor radius of 6.75 m, mag-
netic field on axis of 4.8 T and plasma current of
7.2 HA, should produce a reactor-grade plasraa with a
significant neutron flux even with the large uncertain-
ty in plasma physics scaling from present experience tc
large sizes. Neutrontcs and heac transfer calculations
coupled with mechanical design and materials considera-
tions were used to develop a blanket and shield capable
of operating at high temperature, protecting the sur-
rounding coils, being maintained remotely and, in a few
experimental modules, breeding tritium. The toroidal
field coil design developed for a maximum field of 11 T
at the winding combines the use of multifilamentary
Nb3Sn and NbTi superconducting cables (in high and low
field regions, respectively) with forced flow of super-
critical helium enclosed in a steel conduit. The
poloidal magnetics system is specially designed both to
reduce the toal volt-second energy requirements and to
reduce the rate of field change at the toroidal field
coils. The reference design was synthesized from the
information developed and evaluated in our prior
scoping study.1

Plasma

There ara many »ays to arrive at a set of refer-
ence parameters for a future tokamak system. The sane
difficulty is encountered in most of the procedures,
namely, that a proven relationship between attainable
plasma parameters and system size does not exist at
present for the type o' device under consideration.
Results have been obtained from present day devices
coupled with theoretical predictions, but the con-
nection between these results and the operating
parameters to be attained in an EPR-size system in-
volves much uncertainty.

The theoretical basis used here to arrive at a
reference- dt.iign is straightforward and it provides a
machine size which should produce reactor-grade plasma
in terms of presently accepted,^ react©* modeling cal-
culations. The steps taken in determining the refer-
ence design are described below.

VP can define safety factor q and central axis
magnetic field strength 3_, as the following,

q = (I/A) BT/Bp ,

where A is the aspect ratio and E p is the poloidr.l mag-
netic field strength.

whore B m a x is the maximum magnetic field strength at
the cell surface, Ro is the major radius and A is the
distance from ylasma edge to coil inner bore. Using
these relations, we find plasma current
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where a is the plasma radius^ In reactors ft << a is
possible and the effect of A is, therefore, of little
importance. In the EPR, however, A "v> 1.55 m which
suggests a minimum a ̂  2.0 m so that efficient use can
be made of the volume within the toroidal coils.

Table 1 displays a summary of the key plasma
related parameters in the ORNL EPR. The basic TF coil
size is determined from the a and A presented above.
The number of coils is minimized for access purposes
while providing an acceptable ripple as considered in
greater detail elsewhere.'
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The reference system will provide containment of
both 200-keV deuterons and 3.5 MeV alpha particles that
is adequate from the plasma heating point of view.
Additional analyses are requited to determine the
finite gyro-radius effects to b» expected and the
plasma response to them.

Figure 1 shows the Pa/Pioss ratio vs. tine for 3
toroidal field values, 100 MW of injection, and for
trapped-particle io.'-.ses reduced by a factor of 10. In
the reduced loss cases, ignition occurs at both 4.ö T
and 4.4 T. Plasma conditions at both field levels are
very similar at ignition. The 3.7 T case does not ig-
nite and the beam power is reduced after 2 seconds to
prevent Epe from exceeding 1. The benefit of in-
creased Üj is obvious. în the full loss cases, the
benefit of increased field strength is also clear.
Confinement is improved by operation at higher plasma
currents permitted by the. increased central field even
though ignition is not attained. Thus the alpha par-
ticles provide a successively larger fraction of th-2
total plasma losses as BT increases. The uncertainty
in the scaling laws used suggests a range of eventuali-
ties.
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