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The first tokuwmuk experimental power reactor TPR-1 Reference Parameters
(CPR) is planned for opgration in the mid-1980's. The Plasma Subsystem Requirements
logic leading to the size of the ORNL reference
reactor, the technical features of the plasma and Plasma radius, a (m) 2.25
energy conversicn sysiems, and the predicted para- Major radius, R_ {m) 6.75
neters consistont with several operating modes are Safety factor, q{a) 2.5
discussed in this paper. The mechanical aspects of Maximum toroidal field, B___(T) 1i.
the blanket and shield systems ard an cvaluation of . i . max -
trheir nuclesr performance including tritium breeding, Toroidal field on axis, B, (7] 4.8
nuclear heating and radiation damage are zlso given. Plaswa Curreat, I (MA) 7.2
Plasma ecdge to winding distance, A (m) 1.55
Yolt-second, (Ves, Wh) 185
Plasma Svstem Parameters Injection power capsbility, Py (M) 50
- Deuteron cnergy, Eb (kev) 200
All of the objectives for the EPR lead to the Number of Injectors, N s ;
requirencnt that fast-charged particles, both fast . . ‘I , '
jions duc to injection amd theruonuclear-produced Kumber of toreidal.coils, N_ 290
,alpha particles, be efficiently contained within Yoruidal field ripble, §(0=0; r=a) 2.2%

the plasma volume. The device must he large cnough
to contain the drift orbits followed by these parti-

cles. This in turn suggests a high value of plasma Plasma Pevformance
current. The current is given by,
The scaling laws which ultimately will apply to
EPR-size plasmas are presently uncertain. A simulztion
I=2ub ) PA -1)a- A] ) model which is time dependcut znd includes dissipative
7 d; ’ trapped particle diffusion, pseudoclassical and neo-
o' A classical diffusion, conduction and convection losses,
impurity effects, radiation, cuil fueling, and ncutral
N . . . . beum inicction effects has been used to model the
where B is the toroidal field stremgth at the coil plasma behavior. The reference plasma described here

ma
winding, q is the stability factor, A is the aspect
ratio. a is the plasma rudius and A is the radial
distance from the surface of the plasma to the sur-
face of the toroidail field coil winding. For a given
plasma radius, I is relatively Insensitive to the
aspect rutio, A. Qualitatively, the distapcec 4 must
inciude the blanket and shield thickpess, insutlation,
and the necessary tolerances to permit rerote assem-
bly ond disassembly of these components. (uantita-
tively, A = 1.5 m. for a power-producing device with
a ¥ 2 m. which is the physical size anticipated for
an EPR plﬁsmu. The minirum acceptabic vaiue of qfa)
depends on the radial distribution of plasma current
density. Firally, the waximum toroidai ficld stremgth
chosen must be compatible with the expeciations for
advances in superconducting technology. These cri-
teria aud the requirements of long puisc time, a
compatihle neutral beam system and an acceptable value
for the torcidal field ripple® result in the choice
of the ORNL-EPR plasma-related paramcters as shown in
Table 1.

*Research spouwsovad by the Encrgy Research and Develop-
ment Adwinistration under comiract with Union Carbide
Corporation.

assumes that the dissipative trapped particle dif-
fusjon terms are 2 factor of 10 more optinistic thaa
those given in reference (2). Figurc 1 shows the
startup phase and apprecach to equilibrium for the
Pl: and I’[l;)‘p
Maxwellian eor background and beam-placsma producsd
fusion power ievels, respectively. P /S is the
neutron woll loading. The plasma ignites in ~ 5 u.

reference system described ahove, are the

In this opuraling mode the total fusfon pow
225 MW immediately before ignition and 175 My after
the beerws are terminated at ipnition. The neutron
wall loading is about 0.2 MW/m?, the jon temperature
is 9 keV and N 1. = 6 x 18" cm™?-s. In this case
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If a Bp: A could be.telersted, the same syston
could be operated differencly and at a signi<icantly
higher power level, Figurc 2 shows the ion teapera-
ture as a function of time for an operating wode

where the systew is initially impurity irce
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