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ABSTRACT

An Xwindow application capable of importing
geometric information directly from two Computer
Aided Design (CAD) based formats for use in
radiation transport and shielding analyses is being
developed at ORNL. The application permits the user
to graphically view the geometric models imported
from the two formats for verification and debugging.
Previous models, specifically formatted for the
radiation transport and shielding codes can also be
imported. Required extensions to the existing
combinatorial geometry analysis routines are discussed.
Examples illustrating the various options and features
which will be implemented in the application are
presented. The use of ihe application as a visualization
tool for the output of the radiation transport codes is
also discussed.

INTRODUCTION

In the past, the geometric models required by
the Monte Carlo shielding and transport codes such as
MORSE1, MASH-, and HETC' were translated from
blueprints or other descriptions into combinatorial
geometries by specifying both the fundamental objects
(spheres, cylinders, cones, etc.) as well as the Boolean
operations required (AND, OR, and NOT) to combine
the objects into meaningful assemblies. While this
procedure was initially adequate, two trends arc rapidly
increasing the difficulty of generating the models
required for these code systems. For even simplified
models, the number of fundamental objects and the
number of Boolean specifications can easily number in

the hundreds or thousands. Both the number of objects
and the complexity of the combinations tends to
mitigate against the successful construction and
verification of the geometric models based on the data
as formatted for the input stream of the radiation
transport codes.

In addition, many of the objects to be analyzed
(shields, vehicles, etc.) are currently being modeled
using some type of computer-aided design tool,
typically resulting in the system description or model
existing primarily in electronic form. This trend is
somewhat of a mixed blessing. While the CAD systems
require much of the same information (i.e. basic
objects and some mechanism for combining them into
more meaningful assemblies), the information is usually
in the native format of the CAD system, which is not
directly usable by the transport codes. Although,
translation utilities can be developed (assuming the
storage format of the CAD system is known), often
limitations of the combinatorial geometries acceptable
to the transport codes gives new meaning to the phrase
"lost in the translation". Clearly, it would be very useful
to import the geometry and material parameters for
assemblies or components directly from the original
CAD/CAM applications used to describe the objects.

As an example, the MASH computer code was
developed based on the GIFT combinatorial geometry
package. Typically however, the models of the armored
vehicles analyzed at ORNL are initially described using
the BRL-CAD' system. Earlier versions of BRL-CAD
had the capability to translate the native BRL-CAD
formal (MGED) to GIFT formatted input. However,



due to extensions implemented in the latest version of
BRL-CAD, such a translation becomes very difficult
(or at least imprecise), principally since some of the
objects and surfaces represented in the MGED models
have no analogue in the GIFT package. In this
instance, it would be advantageous to be able to utilize
the original MGED model directly in the radiation
transport code.

IMPLEMENTATION

ORNL is currently developing the capability of
importing geometric models directly from
BRL-CAD(i.e. MGED Version 3.0 format).
Additionally, provision for importing geometric
information based on the Constructive Solid Geometry
subset defined by the Interim Graphics Exchange
Specification (IGES)S is being developed. The initial
implementation being developed is an Xwindow
application which incorporates the functionality of the
previous PC-based programs, CGVIEW6 and
ORGBUG7. Thus, in addition to importing data from
the two CAD formats, the application retains the
capability of importing data files formatted for the
MORSE, MASH, and TORT radiation transport codes.
It should be noted that although discrete ordinaics
codes such as TORT are not typically viewed as being
based on combinatorial geometry, the fact that TORT
uses RPPs (i.e. a MORSE rectangular parallelepiped)
to define regions, and then overlays those regions onto
a space mesh (effectively defining an implicit
Boolean tree) permits the application to construct an
equivalent CG model and display the resulting model.

In addition to accepting geometric input in a
variety of formats, the Xwindow application is being
developed to generate and display (in real-time) the
combinatorial geometry model, thus extending the
geometry debugging functions previously present in
ORGBUG. To increase the utility of the application,
the capability of rotating the displayed object(s)
arbitrarily, the capability to zoom in order to examine
details of the object, and capacity for selective
invisibility (i.e. to remove specified zones, regions, or
materials from the image) are also being included.

Inclusion of MGED and IGES data into the
application requires the generalization of the geometric
analysis routines currently employed. For example, the

IGES-dcfincd primitives such as ihe Solid of Rotation
(Type 162) and the Solid of Linear Extrusion (Type
164), mandate thai the current coding be generalized,
from the special cases of each primitive currently
handled. Addiiionaly, both MGED and IGES do not
restrict the operand of a Boolean operation to be a
primitive. Thus, the programming must be modified to
handle the case where the operand of a Boolean
operation could be an object defined by a Boolean tree.
In terms of the Monte Carlo codes such as MORSE
and MASH, this is equivalent to a Boolean definition
of a zone referencing another zone. Finally, since one
of the principal design criterion for the Xwindow
application was that it allow the user to "see" the
model exactly as the transport codes would, the
revisions in the geometry analysis routines developed
as part of the application, will be incorporated into the
transport codes themselves in the future.

Although the primary purpose of the
application being developed is to permit the analyst to
validate and correct the input for the radiation
transport codes, the display capability of the
application has also proved useful in displaying the
output of these codes, Both discrete ordinatcs codes
such as TORT, and stochastic codes such as MORSE,
MASH, and HETC can produce significant quantities
of output data. Thus provisions are being included in
the application to facilitate its use as a visualization
tool for displaying the results of the transport
calculations. As will be described later, the images
generated baseu on the problem geometry can be
utilized to organize, aggregate, and emphasize the
voluminous output of the radiation transport and
shielding codes.

ILLUSTRATIONS

To illustrate some of the capabilities of the
Xwindow application, Figures la-Id were generated
based on a geometric model formatted for the MORSE
Monte Carlo radiation transport code. The geometric
model itself was originally created as part of a shielding
and neutronic analysis for the TFTR (Tokamak Fusion
Test Reactor)8. Figures la-Id were generated by
selecting only those objects which were assigned the
same material identification, corresponding to the
toroidal field coils, the poloidal field coils, the torus
itself, and the support structure. It should be noted



Figure la. TFTR Toroidal Field Coils. Figure lb. TFTR Poloidal Field Coils.

Figure lc. TFTR Torus. Figure Id. TFTR Support Structure.



that the entire TFTR geometric model was used as
input. The non-selecled portions of the model are
present but not visible. Each of the four Figures have
been scaled in an identical manner so that their
relative sizes and positions have been maintained. It
should be noted that, ai the time this model was
created, MORSE did not have a toroidal body. Hence,
the torus depicted in Figure lc is modeled as a set of
short cylindrical annuli ORed together. Note that, in
this particular model, one of the annuli is missing.

Figure 2 represents an isometric view of the
entire geometry of the TFTR, i.e. the aggregation of
the pieces depicted in Figures la-Id. Additionally, the
view was generated by specifying that a 90 degree
wedge was to be "cut away" from the geometry. Use of
this option is one way of maintaining a perspective
relative to the entire geometry, while simultaneously
permitting the analyst to examine internal structures of
relatively complex groups of objects.

As noted above, the geometry input to discrete
ordinates code TORT can be viewed as comprising a
CG model, and hence displayed by the application.
Figures 3a-3b illustrate the output based on a TORT
input deck which describes the Chinzei school.' Figure
3a depicts a perspective view of the building with the
right front quarter removed in order to expose the
interior structures such as floors, walls, and ceilings. By
judicious selection of options, certain extremely useful
graphical descriptions of a particular model can be
produced. For example, Figure 3b is the result of
requesting an isometric view of the Chinzei school
model, setting the viewpoint to be directly overhead,
ap.d cutting away a half space. The result is a depiction
of the first floor plan of the building.

As noted above, the availability of geometric
information concerning the model is also useful in
graphically displaying the results of the radiation
transport analysis. In particular, overlaying the results
of the transport calculation onto a representation of
the the model itself allows the impact of the specific
geometric configuration to be immediately apparent.
One particular form of visualization that has been
developed, is that of a "vulnerability" map, the
construction of which is based on the following
analysis.

If dp is a solution to

where I is the steady-state Boltzmann operator, and

and 4>* is a solution to the adjoint equation

using the divergence theorem, these two equations can
be combined to give

Suitably restricting the volume of interest (and the
corresponding surface) to a region which only includes

the adjoint source, S', we have

!!t(n-Q)

which serves as the basis for generating the

"vulnerability" map. Thus, if S' is a cross-section, the
surface integral of the product of the forward and
adjoint flux is equivalent to the total reaction rate.

Using an adjoint source consisting of
free-in-air tissue kerma, located at the center of the
driver's head, a MASH calculation was performed using
an existing armored vehicle model, in which the
particles were scored upon exiting from the
model. The forward flux used was from a
two-dimensional (RZ) DORT calculation for the 400
meter location at the Army Pulse Reactor Facility
(APRF) at Aberdeen Proving Ground. The angular
dependence of the forward flux was assumed to be
isotropic as an initial approximation. Folding each
panicle history with the appropriate forward flux values
yields the contribution of the particle to the overall

response (4)5*). By interrogating the geometry'
package, it can be determined whether the
exit point is visible from the viewpoint selected and if
so, the pixel coordinates of the exit point. By summing
all contributions to the area represented by each visible



Figure 2. TFTR Model wtih Cutaway



Figure 3a. Chinzei School Building with Cutaway.
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Figure 3b. Chinzei School Building - First Floor Plan.



contribution of each pixel to the overall result can be
determined. Additionally, each contribution (whether
visible or not) is also summed to provide a
normalization factor. The results of this technique are
illustrated by Figures 4a and 4b. The results have been
normalized so that that the maximum contribution is
unity and the results divided into two groups: those
areas which have contributions greater than 0.1 of the
maximum value (Figure 4a) and those having
contributions less than 0.1 of the maiximum vaiue
(Figure 4b).

Although, this type of "vulnerability" plot is
typically done in color (with each color representing a
range of contributions), even from the monochrome
representation given in Figures 4a and 4b, it is obvious
that the majority of the dose to the driver's head is
attributable to the radiation penetrating the overhead
hatch cover. Hence, modifying the thickness (and/or
composition) of the hatch clearly represents a means
for reducing the dose for this particular radiation
source.
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Figure 4a. Soviet BMP-1: Dose to Driver's Head - Upper 90% Contributions

Figure 4b. Soviet BMP-1: Dose to Driver's Head - Lower 10% Contributions.


