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Abstract

A Tokamak EPR reference design is presented as a
basis for further study leading tc a conceptual design.
The set of basic plasma parameters selected, namely,
minor radius of 2.25 m, wajor radius of 6.75 m, mag-
netic field on axis of 4.8 T and plasma current of
7.2 MA, should produce a reactor-grade plasma with a
significant neutron flux even with the large uncertain-
ty in plasma physics scaling from present experience tc
large sizes. MNeutronics and heat 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 developced for a maximum field of 11 T
at the winding combines the use of multifilamentary
Nb35n 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 1s speclally designed both te
reduce the toal volt-second energy requirements ané to
reduce the rate of field chanze at the toroidal field
coils. The reference design was synthesized from the
information developed and evaluated in ouwr prior
scoping study.1 -

Plasma

There are wany ways to arrive at a set of refer-
ence parameters for a future tckamak system. The same
difficulty is encountered in most of the procedures,
namely, that a proven relationship between attainable
tlasma paramsters and system size does not exist at
present for the type ol 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 design 1s straightforward and it provides a
machine size which should produce reactor-grade plasma
in terms of presently accepted,< reactey modeling cal-
culations. The steps taken in determining the refer-
ence design are described below.

We can define safety factor q and central axis
magnetic field strengtn BT, as the follouwing,

g = (1/A) BT/Bp ,

vhere A {8 the aspect ratio and Ep is the peloidal mag~
retic field strength.

BT = Bmax (1 - 1/A - A/Ro) '

where By, is the maximum magnetic field strength at

the ccil surface, R, is the major radius and & is the
distance from plasma edge to coil inner hore. Using

tihese relations, we find rlasma current
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where a is the plasma radius In reactors 4 << a Is
possible and the effect of A is, therefore, of lictle
importance. In the EPR, however, A v 1.55 m which
supgests A minimum a v 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 FPR. The basic TF coil
size 41s determined from the a and A presented above.
The aumber of coils is minimized for access purposes
while providing an acceptable ripple as considered in
preater detail elsewvhere.

Table 1. ORNL EPR Reference Desigi-Flasma Related Parscatere

™Yasma radius, a (m) 2.25

Hajor radfus, Ry (=} 6.75

Safecy factor st r =~ ay § 2.5

Plasma current, 1 (HA) 7.2

Plaspa shape Circuler

On axis toroidal field, L ) 4.8 -
TF ripple, at €= 0; r = a, & (2) 2.2 (v /a}
OH/EF configuration "

OH flux change, 84 (Wb) 185
Injectfon power capacity, rh [¢. 2] 3100
Deuteron energy, Eh {keV) 200

Output power, driver, Pd ik, eh) 400

Output power, fgnited, Py (%,th) 200**

Puty cycle (I} >50

TF cofl opening, horiz. x vert. (m) 7.4 x 10.2
Humber of TF coils, .‘Ic 2D

TF coll shape . Ron-circular

.Air core with electromagnetic shielding of TF coilr
“l’at-BP ~ A”z

The reference system will provide conrainment of
toth 200-keV deuterons and 3.5 MeV alpha particles that
is adequate from the plasma heating point of view.
Additlonal anulyses are required to determine the
finite gyro~radius effects to be expected and the
plasma response to them.

Figure 1 shows the P, /P),sq ratio vs. time for 3
toroidal field values, 130 MW of injection, and for
trapped-particle iosses reduced by a factor of 10. 1In
the reduced loss cases, ignition occurs at both 4.8 T
and 4.4 T, Plasma conditfons at both field levels zre
very similar at ignition. The 3.7 T case does uot ig-~
nite and the beam power is reduced after 2 secouds to
prevent B,, from exceeding 1. The benefit of in-
creased By is obvious. In the full loss cases, the
benefit of increased field ctrength is also clear.
Confinement is improved by eperation at higher plasma
currents permitted by the Increased central field aven
though igonitjon is not attained. Thus the alpha par-
ticles provide a successively larger fraction of the
total plasma losses as By increases. The uncertainty
in the scating laws used suggestc a range of cventuali-~
ties.




