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ABSTRACT

Planar regions in Monte Carlo transport problems have been
represented by finite set of points with a corresponding region
index for eaci The simulation of particle free-flight reduces
then to the slcjle operations necessary for scanning appropriate
grid points to determine whether a region other than the starting
one is encountered, when the complexity of the geometry is res-
tricted to only some regions of the assembly examined, a mixed
discrete-continuous philosophy may be adopted. By this approach,
the lattice of a thermal reactor has been treated, discretizing
only the central regions of the cell containing the fuel rods.
Excellent agreement with experimental results has been obtained
in the computation of cell parameters in the energy range from
fission to thermalization through the 2 3 8U resonance region.

INTRODUCTION

A discrete approach to planar complex geometries has been described in
Ref. 1 and special algorithms for geometrical configurations which may be des-
cribed by an overlay of convex polygons and circles have been given in Ref. 2.

Planar regions are represented in a computer memory by means of a set of
points belonging to a square grid. A region index is associated to each point
and the simulation of a particle free-flight between two grid points reduces
to the simple operations necessary for scanning appropriate grid points to
determine whether a region other than the starting one is encountered.

The geometrical part in the tracing of particle histories becomes In this
approach independent of the complexity of the configuration examined, avoid-
ing, too, the usual onerous tests to ensure correct correspondence between the
particle position and the region index. On the other hand, it demans a large
storage capacity, although only a few bits will be sufficient to encode the
main information, i.e. the index of the region to which a point belongs.

When the complexity of the geometry is restircted to some regions only, a
mixed discrete-continuous philosophy may be adopted by converting integer coordi-
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nates Into real ones (or vice versa) at a certain boundary (this conversion
requires some adjustment to ensure that the new coordinates belong to the new
region entered). In this way both memory economy and speed are obtained in
large simple regions.

The question of the degree of approximation of this approach is partially
answered by the excellent agreement with the experimental results obtained in
the computation of ceil parameters, in the energy range from fission to ther-
malization through the 25oU resonance region.

SCANNING ALGORITHM AND BOUNDARY CONDITIONS

The first operation to perform is the transformation of a geometrical
configuration into a discrete map, trying to preserve the area of the regions
and their geometrical shape as much as possible. The configuration is
embedded in a rectangular background giving rise to a "boundary region" sur-
rounding; the configuration, so that when the image has been digitized in some
way, the whole figure will be described by a rectangular matrix of elements.
Those corresponding to the boundary region may contain information about the
boundary conditions, while all others represent a square element of area h2,
h being the mesh size of the grid. Although any elementary-given figure (such
as a circle or a rectangle) may be represented with the approximation h2/2,
the final represented area of the regions may have a larger approximation, due
to the operation of overlaying elementary figures one upon the other. The
small difference between the true and the represented areas may be taken into
account in some final results (typical: the reaction rates) through a correc-
tion assuming linear dependence of the effects on the represented areas.

Once a discrete map has been prepared, given the starting point, the
direction of motion and the free-flight of a particle, a scanning algorithm
will determine the grid points visited in succession by the particle, which
jumps from one grid point to another keeping as close as possible (in a sense
later specified) to the ideal path in the continuum, until a new region is
encountered. Let the mesh size h be the unit of length, xo» yo the integer
coordinates of the starting point, I the free-flight, 6' the angle between the
line of flight and the x-axis. The end-point coordinates of the free-flight
are

x£ - xQ + I cos 9* , y' » y0 + 1 sin 6' .

Let Xf and yf be the integers resulting from the rounding off of x£ and xt.
If (xo.yo) * (xf,Xf), the path is terminated. Otherwise the direction of
motion is corrected from 6"* to 0 with tg 6 = (yf - yo)/(xf - XQ) . In the case
0 £ 8 <_ ir/4, tha scanning procedure m?y be essentially described as follows.
Denoting by tqj the integer part of q, the point visited at the n-th step is

xn " V l + X ' xo + n

i.e. the yn coordinate is the grid coordinate nearest to the ideal one,
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xo) tg tf .

Two types of direct transition from one grid point to another are thus
possible: along one of the coordinate directions and along the diagonal of a
grid cell. Therefore (for 0 ̂ _ 0 <_ TT/4), for each x± only one point is scanned
(it must be noted that the direct transition along the diagonal of a grid cell
could fail to detect the crossing of a new thin region only if this region is
very poorly represented in the digitised image). Figure 1 shows an example of
a path simulation.

Periodicity for infinite lattices of rectangular or hexagonal cells is
taken into account by reflection on she cell boundary during path simulation.
In the algorithm given in Ref. 2, this operation is very simply accomplished
by moving the particle from one boundary to another according to information
stored in the grid pointu corresponding to the boundary region, whenever this
region is reached.

SOME RESULTS

The geometrical approach described was tested against experimental results
concerning the lattice of a D20-moderated, H20-cooled reactor, with hexagonal
cells at a pitch of 29 cm, at room temperature [3]. The fuel cluster was com-
posed of 19 rodlets (diameter 2 cm) of natural UO2, arranged in three rings of
1, 6, and 12 elements, respectively, contained in an aluminum pressure tube
(internal diameter 10.6 cm) surrounded by an air annulus and a Zircaloy calan-
dria tube (external diameter 12,11 cm). In this lattice the measurement of ko,
was obtained by the null reactivity method (PCTR) and the neutron densities by
activation of copper foils, with and without the coolant.

In the Monte Carlo computation only the part inside the pressure tube has
been discretized with about 10s points, while the other regions were treated
as a continuum; moreover the Zircaloy sheaths of the fuel elements (too vhin
to be realistically represented by a discrete image) were taken into account
by a dilution in the coolant. In the energy range 16-MeV- keV, a 12-group
approximation for cross sections (including anisotropic scattering and inelas-
tic scattering) was adopted. In the energy region 50 keV-5 eV, 64 groups
were considered, except for 238U whose resonance cross sections were computed
at each energy, with a random generation of resonance parameters for the un-
resolved resonances. Finally, below 5 eV, 256 energy points were used to des-
cribe cross sections with, moreover, two 33 x 33 * 10 scattering matrices
0 (E' -*-. E, cos 9) for H2O and D2O in the thermal region below 1 eV.

In Table I, experimental and Monte Carlo results (based on 8000 histories)
are quoted. The numerical results obtained, together with other positive com-
parison made for similar fuel assemblies of Canadian type, seem to encourage
further experimentation with discrete geometry simulation.
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TABLE I

Average Neutron Densities in Various Regions and

I ring

II ring

III ring

Coolant

Pressure tube

Calandria tube

Moderator

K

PH 20 "
 l

Experiment

0.056

0.068

0.108

0.124

0.190

0.199

0.254

1.054

MC

0.056

0.069

0.110

0.124

0.192

0.195

0.254

1.057 ± 0.005

Experiment

0.095

0.104

0.136

0.164

0.192

0.289

1.15

MC

0.098

0.109

0.143

0.183

0,187

0.280

1.15 ± 0.005
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Fig. 1. A path simulation with tg 9 - 2/7
grid points scanned are circled.
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DISCUSSION

Kalos: There is one thing that I have not understood here. I can see
the advantages of discretizing the geometrical description, but I don't see
the advantage of discretizing the position, or insisting that the particle be
on one i>f the lattice points of your discretized geometry. Why not let the
position be a continuous variable, and not approximate 6 or 6*? The arithme-
tic is almost exactly the same. Secondly, would you repeat the ratio of the
computing times for the geometrical tracking?

Simonini: The time to treat seven centered annular regions discretized
to about 107 points was about 1.5 times that required by the usual approach,
aicd the time was found to be roughly proportional to the square root of the
nuraber of grid points used.

GoTbavdi You seem to be saying that it takes longer to treat the dis-
cretized geometry than to use the usual approach.

Kaloo: Suppose you took a geometry that you were interested in, and
discretized it to a degree that you thought was pretty good. Do you think it
would run faster or slower?

Simonini: I don't know; it would depend on the geometry. If you add
more elementary regions to the geometry, the tracking time using the discre-
tized approach remains the same.

Gelbavd: Are you also saying that one substantial advantage is in pro-
gramming simplicity, not in the running time but in the fact that you can
use one program to treat many different types ot geometries?

Simonini: Yes. In any ease when the geometry becomes very complicated
I believe that my approach would be much faster than the usual one.

Kalos: Why?

Simonini: When you use the conventional approach you have to take into
account all the possible intersections of all the elementary figures and these
figures may be combined in a complicated way. When the geometry is discre-
tized the boundaries don't have to be considered explicitly.

Coveyou: *ut you do have to have every point in the lattice labeled
according to the region it is in.

Kalo&: Yes, that is his scheme.

Coveyou: Then it is clear that you cannot use this method for a very
large number of lattice points.

Simonini; No.

Kalos: Aftd it would be very cumbersome for three-dimensional geometries.


