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ABSTRACT 

Three geometry packages have been developed andoincorpor-
ated into SAM-CE, for representing in three dimensions the 
transport medium. These are combinatorial geometry - a gener-
al (non-lattice) system, complex combinatorial geometry - a 
very general system with lattice capability, and special re-
actor geometry - a special purpose system for light water 
reactor geometries. Their different attributes are described. 

1. INTRODUCTION 

The treatment of radiation, transport or reactor, problems is most 
difficult when the geometry of the problem is truly three dimensional. 
For this situation, the Monte Carlo method, as implemented in computer 
codes, has been found to be the only practical approach to solution. 

A major technical question, in the design';and implementation of a 
code, is the means for representing the geometry. This problem which is 
mathematically rather simple, is complicated by the conflicting require-
ments of ease of usage, generality of application, and computer time re-
quirements . 

In SAM-CE1, to answer this question, three packages have been devel-
oped, combinatorial geometry (CG), complex combinatorial geometry2 (CCG), 
and special reactor geometry (SRG). CG is a general purpose system for 
representing arbitrary, non-repetitive'configurations. CCG extends the 
CG capability to include lattices, with variable attributes at different 
lattice sites, in a hierarchical structure, e.g., lattices of lattices. 
SRG is a fast special purpose system for representing reactor assemblies. 

The simulation of particle paths, consisting of straight line seg-
ments, through the medium, is the primary geometry problem in Monte 
Carlo codes (the tracking problem). The solution is made up of a se-
quence of determinations of two items, the distance to a boundary and 
the identity of the next region of space. In the following, each geo-
metry is described in terms of representation capability and how tKe 
tracking problem is handled. 
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2. REPRESENTATION CAPABILITY 

For all three geometries, space is divided into regions, which are 
individually homogeneous. All properties, physical (composition, den-
sity) and mathematical (scoring, sampling weight) are defined to be 
constant throughout any region. Finally, all of space must be defined 
(within some finite limit). 

Combinatorial Geometry 

Regions are defined as Boolean combinations (unions, intersections, 
differences) of realizations of geometry primitives (bodies), spheres, 
boxes, cones, etc. The current library of bodies in SAM-CE has about 
two dozen types. In addition, a region may include other (previously 
defined) regions in its descriptive definition. The realizations of 
the bodies are defined by specific geometric parameters, e.g., for a 
sphere, the location of the center and the radius. Since each region 
is defined individually, the requirement that all of space be defined 
and the avoidance of double definition, are user responsibilities. 

Complex Combinatorial Geometry 

In its representation capability, CCG is a superset of CG. Speci-
fically, regions - defined by the method described above - are arranged 
in an hierarchical structure, with additional geometric attributes, 
such as lattice repetition and translation. Thus, a specified region 
may be used to define more than ore volume of space. 

To establish the hierarchical structure, the concept of complex 
regions is used. A complex region consists of a collection of compon-
ents, which can be ordinary regions or lattices. A lattice component 
is actually a repeated geometric pattern of components, which are not 
necessarily physically identical. Furthermore, any component may, in 
turn, be a complex. 

For example, a reactor core can be defined as a lattice of assem-
blies, with different properties, e.g., age, and further, each assembly 
(as a complex) can be modeled as a lattice of rods, allowing variations 
such as different enrichments, water holes, control rods, etc. 

As in the case of CG, the space filling and overlap avoidance re-
sponsibility are the user's. 

Special Reactor Geometry 

This geometry (independent of the others) is designed to represent 
parts of light water reactor cores. Specifically, an assembly, in-
cluding a cruciform control rod for BWRs may be modeled. The assembly 
is defined as a square array of rods, where each rod consists of three 
concentric cylinders (fuel, gap and clad). The radii may vary from 
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rod to rod. In general the geometry is three dimensional, but when the 
cruciform is omitted, it becomes two dimensional. 

Since the geometric structure is precisely defined, the space fill-
ing and overlap avoidance problems are not present. ! 

3. TRACKING 

For all three geometries, the logic is set up so that a sequence 
of calls to the tracking routines can be made for a given ray (defined 
by a starting position and a direction), where at each call, the dis-
tance to the current region boundary and the identity of the region 
beyond it is returned. If the ray has a predetermined end point (e.g., 
to a point detector when estimating flux at a point) , as a time saving 
feature, the next region identity is not determined. Unless terminated 
by other means (e.g., Russian Roulette), the tracking proceeds until a 
specially designated region, called the "escape" region, is encountered, 
except in case of SRG, where a reflecting surface is used. In CG and 
CCG, rays hitting the "escape" region can be treated as either true 
escapes or reflections, depending on input. 

Combinatorial Geometry 

As an aid to the tracking logic, each (user) region, whenever the 
union operator is used, is defined to be a combination (union) of (in-
ternal) regions, which are described by means of intersections and dif-
ferences only. The two track items (distance and neighbor identity) 
are obtained for the given internal region, and if the neighboring in-
ternal region is part of the same user region, the process simply pro-
ceeds without returning to the calling routine. The internal region 
tracking has two main components, initial and continuing. 

The initial portion, used at the beginning of a ray, consists first 
of the calculation of the distance to the boundary for the known inter-
nal region. For an internal region, this is the minimum of the exiting 
distance for all bodies defined as positive (i.e., intersection) and 
entering distance (infinite for miss) for all bodies defined as nega-
tive (i.e., difference). The identities of the particular body and 
surface determining the distance are obtained also. 

The continuing portion of the code, which uses the cumulative dis- < 
tance traversed, checks all candidate regions for the possibility that 
at the current position, the ray is about to enter, while at the same 
time, the distance to the next boundary is obtained. Specifically, the 
cumulative distance is compared to the entering and exiting distances 
along the ray for each body defining the region. This cumulative dis-
tance should be between the body intersections for a positive and out-
side the body intersection interval for a negative. If the body is not 
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convex more than one interval may have to be checked. If the cumulative 
distance satisfies all the necessary inequalities, the region is con-
sidered to be the neighbor, with the distance to the next boundary being 
obtained in the process, with the defining body and surface. 

The logic of this process is such that the geometry code is one 
step ahead of the calling routine in the determination of distance to 
the boundary, permitting a simple return with no further calculation, 
when the next region identity is not needed. 

To control the computer time required for tracking, the number of 
candidate regions examined during the continuing portion must be kept 
to a minimum. In CG a learning process is used. Initially the complete 
region list is used as the candidate list for neighbor determination; 
with processing terminating at the first success. The identity of this 
neighbor is saved in the region description, associated with the body. 
Subsequently, when a ray leaves a region through a surface determined 
by that body, the saved region is checked first. If the saved region 
is not the neighbor, the full list is then checked and the newly ascer-
tained neighbor is added to the save list for future priority checking. 
Thus, the number of times the full region list must be checked (a very 
time consuming task) is kept to a minimum. 

Complex Combinatorial Geometry 

The arithmetic aspect (distance calculation) of CCG is identical to 
that of CG. However, the logical aspects, i.e., which regions to check, 
memory features, etc., are quite different, because of the complex hier-
archical structure. In addition, arithmetic and logical analyses are 
needed when tracking through lattice structures. There is one addition-
al similarity to CG in that the neighbor identity and distance to the 
(neighbor) region boundary are determined together, while the data furn-
ished to the calling program are the neighbor identity and distance to 
the current region boundary. 

The tracking logic is built around the hierarchical structure, i.e., 
the logical placement of a point in space requires the definition of a 
sequence of regions, each of which is a component of the previous com-
plex region, terminating in a region that is not a complex*. Furthermore, 
when a component is a lattice, the specific cell indices are required. 

The tracking consists of an initialization and a continuation. Dur-
ing the initialization phase, the hierarchical sequence is determined, 
starting with the "real world", and for each region, the distance to 
the boundary is determined. The minimum of all such distances is the 
one returned to the calling program. 

The system allows the possibility that the last two regions in the chain 
are not complexes, when "virtual" and "subordinate" regions are used. 

In practice, this option is seldom used. 
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The continuation along the track requires first the determination 
of the level where the region boundary is further than the minimum. If 
there is none, tracking proceeds in the real world. Otherwise tracking 
proceeds among the components of the complex at the determined level. 
Here, there are two possibilities, depending on whether or not the next 
lower level component was a lattice. If it was, then the logic will go 
to the next cell along the track, unless exiting from the entire lattice. 
In that case, or when the component was not a lattice, the remaining 
components are checked for entry. If-the region entered is a complex, 
then the chain must be extended by examining its components to determine 
which o.ne is benfng entered, with the process continuing until a component 
which is not a complex is encountered. 

In order to control the amount of checking required to ascertain 
neighbor identity, two learning processes, one similar to that in CG, 
are used. The CG process is used for "real world" regions and components 
where the union operator is used. For the latter case, the eligible in-
ternal regions are only those which belong to the same user region. For 
components of complexes, the order of checking is determined by the order 
of initial encounter. 

w 
Special Reactor Geometry 

SRG deals with a special case which can be handled by CCG- As indi-
cated previously, it is restricted to typical BWR and PWR, and specific-
ally to infinite reactors consisting of identical assemblies exhibiting 
four-fold symmetry. 

The tracking logic is similar to that of CCG, but much stronger use 
is made of analytic tracking. The improvement in running time .efficiency 
results from the fact that a substantial part of the information needed 
during tracking is assumed rather than either retrieved from input data, 
or obtained by logical tests. A detailed description is given in i 
Appendix A. > 

4. CONCLUSION 

SAM-CE has available three different geometry packages, where the 
choice of a particular package depends on the application. 

REFERENCES 
j 

1. H. Lichtenstein, et. al., "The SAM-CE Monte Carlo System for Radia-
tion Transport and Criticality Calculations in Complex Configurations 
(Revision 7.0)", MR-705207 (Jan. 1979). 

2. H. Steinberg, "Complex Combinatorial Geometry", Trans. Amer. Nucl. 
Soc. 23, 207 (June 1976). 



134 

APPENDIX A 

Special Reactor Geometry 

The tracking logic SRG is similar to that of CCG, but, as SRG deals 
with a special geometrical case, many logical tests and data retrieved 
tasks are bypassed. 

As in the case of CCG, physical regions are defined by a chain of 
simpler geometrical definitions. SRG deals with chains of length up to 
four. 

The first level (Figure 1) deals with the vertical range of the re-
actor. The region between two given horizontal planes is a complex re-
gion containing the entire configuration. The two planes are reflection 
surfaces. This level is bypassed in the case of absence of cruciform 
control rod, as the geometry becomes effectively two dimensional. 

The second level consists of four nested squares (see Figure 2). 
. The entire configuration is within the outermost square. The outermost 

square itself is a reflection surface. Let the interior of the inner 
square be region 1, and let regions 2, 3, 4 be the regions defined by 
the next square annuli, in the outward order. Region 1 is complex. Re-
gions 2 and 3 are physical regions containing/(moderator, and can mater-
ial, respectively. Region 4 is complex if and only if it contains a 
cruciform control rod. u 

The third level in region 4 (see Figure 3) consists of the cruci-
form and of the coolant outside the cruciform. Each of these two re-
gions are physical regions. 

The third level in region 1 consists of an array of square cells 
(see Figure 4) completely filling region 1. Each cell is a complex 
region. 

Finally, the fourth level in each cell is defined by three coaxial 
cylinders. The inner cylinder, the two cylindrical shells, and the re-
gion in the cell outside the largest cylinder are all four physical 
regions.(Figure 5). 

The method of tracking through the array departs somewhat from the 
CCG method and is as follows. The tracking in level 1 is trivial. 

Both level 2 and level 4 involve two dimensional tracking through 
convex, nested, non-intersecting curves (nested squares and nested 
circles). Assume the surfaces are numbered 1, 2, ..., n starting from 
the innermost one, in the outward direction. If the track starts in the 
shell between surfaces i and i+1, first test whether it intersects surface 
i. If it does not, mark the track as outgoing. If the track originates 
inside, surface 1, mark it as outgoing. 

f ' 
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For non-outgoing tracks, calculate the distance of entry and exit 
to surface i. The track enters the region inside surface i and outside 
surface i-1, if any. 

Once labeled outgoing, the track remains outgoing. The case of a 
track originating outside surface n is impossible in level 2 (level n 
is the reflection region) and treated as explained below in the case of 
circles. 

r 

Tracking in level 3 of region 1 (array) is done as follows. The 
tracking from cell to cell is performed internally, and terminates as 
soon as the first of the following conditions is met: the track enters 
the outermost cylinder of a cell, or a distance limit is reached. This 
distance limit is preset as the minimum of the distance to leave the 
array (as calculated in tracking through the previous levels) and a 
limit (which may be infinite) communicated by the calling program (e.g., 
distance to point detector). 

Finally, tracking in level 3 of region 4 (cruciform) is done ex-
actly as in CG. 


