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SOME ASPECTS OF INTEGRAL TRANSPORT METHOD FOH DEEP PENETRATION PROBLEM*+
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In the present design of fusion reactors (both magnetically—confined and

inertially-confined fusion), an inlet hole is provided for neutral beam injec-

tion, high frequency electromagnetic waves to heat the plasma or laser beams,

electron, light or heavy ions for depositing energy into the fuel pellet.

This type of configuration is very similar to that of an experimental

fission reactor where a beam hole is installed to extract the neutron beam

from the reactor core. When the early D2O experimental reactor was design-

ed, using the hand—driven mechanical computer, the reactivity change due to

the experimental hole was calculated by the analytical integration of the

transport kernel.*

Most of the power reactors such as light-water or liquid-metal fast

breeder reactors have no such holes. Rapid progress of large electronic com-

puters has enabled us to use discrete ordinate methods, e.g., numerical in-

tegration of a difference equation derived from the differential transport

equation.

The discrete ordinate methou is a generic method, and can be applied to

many geometries without difficulty. Most of the transport calculations in

neutronic designs have been performed using this method. It is a powerful

method for the calculation of th) macroscopic flux distribution in a homoge-
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neous medium. It is also a powerful method when solving the integral trans-

port equation in calculating the microscopic flux in a heterogeneous

medium.2 The first flight collision probability method3 and the general-

ized first collision probability method** were developed for isotropic and

anisotropic scattering systems.

The successive generation method is one branch of the integral transport

method, and time—dependent problems are also treated by integral transport

methods.

Another powerful technique which is suitable for complicated geometries,

is the Monte Carlo method. A high—performance electronic computer can easily

follow neutron and gamma transport, as well as collision events, with reason-

able computer time. To obtain results with good statistical error, large

sampling of events has to be calculated.

When the number of events sampled is not too large, several devices such

as importance sampling, splitting, or the Russian Roulette method are used to

increase the sampling number. When increasing the sampling number due to one

of these methods, convergence of the results is not as clear as in the case of

non-importance sampling.

The shortcoming of the integral transport method is due to the fact that

applications of this method to large number of segmented regions require a

large amount of calculations! time for first flight collision probabilities.

To shorten the calculation time for multi-energy group cases, an approximation

method wss developed for calculating these collision probabilities in differ-

ent energy groups other than the ones obtained from the standard energy group.

Even if we can solve for long calculation times, this requires large core mem-

ory sizes to store the collision probabilities.
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On the other hand, because of the nature of the difference transport

equation, the discrete ordinate method has no such problem since the flux at a

source mesh point is coupled only with its nearest neighbor.

The shortcoming of the integral transport method is solved by using di-

rect integration of the transport kernel.5 The method has been successfully-

applied to neutron— and gamma—ray shielding problems. The algorithm for solv-

ing the formula is very similar to the discrote ordinate method; therefore, it

does not require excessive large core memory. At present, the method is for-

mulated for a simple geometry as in the discrote ordinate method, but the ex-

tension to a complicated geometry might be 4one without too much difficulty.

By taking the mesh size larger than the mean free path length, only the near-

est neighbor mesh point is coupled; however, when a void region or heteroge-

neous region whose size is less than the mean free path length is introduced

in the medium, all the mesh points within the mean free path length must be

taken into account.

The advantage of the integral transport method over the differential

transport method is the small number of segments required to expand the

flux.6 Instead of expanding the flux as in the discrete ordinate method, the

scattering neutron or gamma-ray source is expanded in angular segments in the

integral transport method. When the scattering angular distribution is nearly

isotropic, it does not require the use of fine angular segments. In the deep-

penetration problem, the high-energy neutron is predominant. The inelastic

scattering or neutron production cross section, which mostly cosies from the

compound nuclear reaction, is nearly isotxopic and only the shape—elastic

scattering has strong anisotropic scattering in the forward direction. Thus,

treating the shape-elastic scattering in the sane manner as the transport

cross section in the diffusion equation, we can solve the deep-penetration
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problem of the high-energy neutron with a rather small number of segments of

the scattering source.

An analytical expression of the integral transport method for an experi-

mental hole in fission reactors has been developed. This analytical method

might still be useful for designing a fusion reactor without using large com-

puter machine time.
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