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CALCL..A

SATION THEORY FOR KEUTRON AND PHOTON TRANSPORT
TIONS IN CONTROLLED FUSION BLANKETS AND SHIELDS

Until about four years ago, rescarch in the area of controlled

thermonuclear fusion was concentrated almost entirely on plasma

physics problems. Whereas these efforts have not diminished (nor

should they be), there has recently been a reasonable expansion in efforts
to uncover and examine the technological problems associated with

ofher areas of a controlled thermonuc;ear reactor (CIR). This paper

will deal with the study of CTR blankets ;nd shields and, in particular,
will consider the use of perturbation theory'and variational methods

in this field. An bverview of the total system, as it has evolved in
some recent studigsl’z, will be included so that the blaﬁket and shield
problems may be scen in their appropriate contexﬁ}"

It is most likely that the first CTR power system will be fueled
with deuterium and tritium. In a D-T fusion reacgion,'17.6 MeV of
encrgy is re;eased in the form of a 14.1MeV neutron aﬁd a 3.5 MeV
élpha.particle. In a system utilizihg magnetic confinement, the alpha
particle will be trapped by the magnetic field but.thé neutrons will
freely escape the piasma zone. These neutrons must therefore be slowed
down in a region, now called the blaﬁket region; which surrounds
the plasma. figure la is a schematic drawing which indicates the wain
segments of a-CTR recacter of the magnetic confinement type. Typically,
the blankctAand shield thigkneéé is between 1.5 and 2.5 meters.

The blanket region must bé»dcsigned~to fulfill twolbrimar§
functions: (i) Lo breed tritium and (2 .Lo take up thc-cneréy.

deposited by ncutrons and by gammas from ncutron-induced reactions.

¥



. ~2_

The shield behind the blanket zone protects the magnets from excessive

radiation damage and heat deposition. 1n CIR systems based on the

( . -

Tokamak or Mirror concepts, these coils will be supercenducting.
Typically, a flux attenuation thrcugh the blanket and shield zcne of
v -6 . . . . .

at least 10 is required. : -
The parameters of interest in CIR blanket studies are reaction

rate, in particular, the tritium production rate (by neutron reactions

with 6Li and 7L1), the neutron and gamma heating rates, and the dose
rates in the superconducting wmognets. Additionally, quantities such
as displacement ratcs, transmutation rates, and hydrogen and helium
produétion rates, are impoftant to the materials sciantist, while

transmutation rates and afterheat production are important for

hazards and safety analysis. .

For CIR systems, reaction rates béth near the source and far
away are.important. Further, one is encouraged to design the thinnest
Blanket and shield compatible with their functions since this will
place the magnets closer to thé plasma zonehand thereby minimize

their costs.
It is clear therefore that CTR system studies require neutron

and photon transport calculations generally very similar to those

carried out by the shielding analyst. In both these areas, one is-

often interested in performing survey calculations and sensitivity
studies. A procedure which allows one to asscss the effects of alterations
in either material composition or design, or in nuclear data, on the

reaction rates of interest, without necessitating-a new transport

calculation follcwing cach alteration, can be formulated for CTR
g N

. . e . 3,4 e
blanket and shicld studies based on variational principles Y. The ,
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functionals cmployed are the biiiﬁcar and f{ractional forms of the
"Schwinger variational prinéiple.s The flux peftﬁrbations caused by
such alterations will, on the whole, be such that variatiqnal methods
will adequately predict the effects. For example, the substitution

of one structural material or alloy for another can be accurately
assessed with the variational method. Further, the usc of such
procedures will be e¢specially advantageous on multi-dimensional
problems. Tigure 1b is the cross_écction of a Tokamak~-like CTR
system based on the feasibility study néw undcrway at the University
of Wisconsin.1 The asymﬁctries caused by the divertor slots and

the fueling and heating injection ports are the rcasons multi-dimensional
effects are important. Thus, in addition, methods such as the adjoint

difference methodG; developed for - -shielding problems, will be help-

e

ful in CIR work., Typical results of calculations on CIR blankets and

shields using the variational wmethod will be presented.
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