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Abstract 
 

BOT3P consists of a set of standard FORTRAN 77 language programs that gives the users of the 
deterministic transport codes DORT and TORT some useful diagnostic tools to prepare and check the 
geometry of their input data files for both Cartesian and cylindrical geometries including graphical 
display modules. BOT3P produces at the same time the geometrical and material distribution data for 
the deterministic transport codes TWODANT and THREEDANT and, only in three-dimensional (3D) 
Cartesian geometry, for the Monte Carlo Transport Code MCNP. This makes it possible to compare 
directly for the same geometry the effects stemming from the use of different data libraries and 
solution approaches on transport analysis results. Through the use of BOT3P, radiation transport 
problems with complex 3D geometrical structures can be modelled easily, as a relatively small amount 
of engineer-time is required and refinement is achieved by changing few parameters. This tool is 
useful for solving very large challenging problems. 



Introduction 
 

BOT3P [1,2] is a set of standard FORTRAN 77 language programs developed at the ENEA-
Bologna Nuclear Data Centre. It was originally conceived to provide the users of the deterministic 
transport codes DORT and TORT, both of them included in the Oak Ridge National Laboratory 
(ORNL) software package DOORS [3], with some useful diagnostic tools for preparing and checking 
the geometry of their input data files for both X-Y-Z and R-Θ-Z geometries. BOT3P was first 
successfully used in the VENUS-1 and VENUS-3 [4,5] neutron shielding benchmarks within the 
framework of the ENEA Nuclear Data Centre activities for the OECD/NEA Task Force on Computing 
Radiation Dose and Modelling of Radiation-Induced Degradation of Reactor Components (TFRDD). 
BOT3P applicability was later extended with further important additions such as: 
• the possibility to describe a reactor core by modelling each pin in as refined a way as desired, 

successfully used in the Lewis criticality benchmark calculations by ORNL [6,7]; 
• the possibility of a partial or total reuse of the geometrical and compositional model of existing 

DORT/TORT input files to generate new input files for transport analysis; 
• the possibility to use 3D matrices with a compositional description derived from Computerized 

Topography (CT) scans in order to generate input files for transport analysis; 
• the production of a “twin” geometrical input of DORT or TORT, respectively for the codes 

TWODANT or THREEDANT of the DANTSYS system [8]; 
• the production of a “twin” geometrical input of a X-Y-Z TORT input file for the Monte Carlo 

transport code MCNP [9]. 
 
Thus BOT3P can now at the same time accept in input compositional models derived form CT 

scans, from existing TORT input files and from a combinatorial geometry and produce the identical 
geometrical and compositional inputs for the TORT, THREEDANT and MCNP codes.  

 
BOT3P includes also some plotting programs for two-dimensional (2D) and three-dimensional 

(3D) plots, which can be employed both as pre-processors and as post-processors of a transport 
analysis. These plotting programs are based on the RSCORS Graphics System subroutines [10], also 
included in the DOORS software package. 

 
BOT3P was developed on a DIGITAL UNIX ALPHA 500/333 Workstation, tested also on Red 

Hat Linux 7.1 and designed to run on most UNIX platforms. All BOT3P versions are publicly 
available from the Organization for Economic Cooperation and Development/Nuclear Energy Agency 
(OECD/NEA) Data Bank (NEA-1627, NEA-1678). 

 
The following programs are included in the BOT3P software package: GGDM, DDM, GGTM, 

DTM2, DTM3, and RVARSCL. In particular: 
• GGDM generates the geometry and material entries for DORT and TWODANT. 
• GGTM generates the geometry and material entries for TORT and THREEDANT and, only in 

case of X-Y-Z geometry, for MCNP. 
• DDM is a graphics pre/post-processor for DORT configuration/computed field. 
• DTM2 is a 2D graphics pre/post-processor for TORT configuration/computed field. 
• DTM3 is a 3D graphics pre/post-processor for TORT configuration/computed field. 
• RVARSCL reads DORT/TORT VARSCL-format output files and then prepares output for post-

processing. 
 



The Mesh Generating codes GGDM and GGTM 
 

The main feature of GGDM and GGTM consists in de-coupling the geometrical model 
description, which must be prepared once and for all, and the mesh grid refinement options. If users 
decide to create a more or less refined mesh than the one they have got or to switch from a X-Y/X-Y-Z 
mesh grid to a R-Θ/R-Θ-Z mesh grid or vice versa, it is sufficient for them to change very few data 
entries and to run GGDM/GGTM again, without modifying the geometrical description of the model 
to be analysed. Both GGDM and GGTM can also produce the data entries related to the presence of a 
fixed volumetric isotropic neutron source as a function of the generated mesh. Users can define model 
areas/volumes with a more (or less) refined mesh grid with respect to the standard one for all the 
geometry. Moreover, GGDM and GGTM let users generate “very small” geometrical zones centred 
about the key flux positions for edit purposes. That gives users the possibility to get the target quantity 
values in such locations directly from the transport code outputs as region response averages, without 
any need to interpolate the cell results. Users can specify areas/volumes of the model where the 
zone/material distribution may be defined by both a combinatorial geometry and an external source, 
such as, for example, one or more existing DORT/TORT input file/s and files derived from CT scans 
(for 3D applications only). For “files derived from CT scans” it is meant a 3D integer matrix 
corresponding to a X-Y-Z meshed volume with uniform mesh size for each co-ordinate direction (not 
necessarily the same for all the three directions) where each matrix element is the identification 
number of a zone or material. That implies that further software must be available to link the “grey 
shades” coming from a tomographic facility to a particular material zone distribution. 

 
GGDM and GGTM make it possible to describe a nuclear lattice in a detailed way by means of 

the rod and hexagon elementary geometrical objects, where the circular/hexagonal sections are 
simulated in Cartesian meshes by “stair-cased” borders, as refined as desired by the user, strictly 
respecting their exact area value. As an example see fig.1, showing the most refined cell mesh grid 
used to model ¼ reactor core in the Lewis criticality benchmark DORT calculations performed in 
ORNL. Fig.2 shows the DORT ¼ core model generated by BOT3P. 
 

Fig. 1 Lewis mox fuel assembly benchmark most refined cell mesh grid in 
DORT calculations by ORNL 

 



Fig. 2 Lewis mox fuel assembly benchmark most refined mesh in DORT calculations by ORNL 
 

 
 

GGDM requires in input all the geometrical, material and fixed neutron source information to 
generate the geometrical, compositional and distributed source distribution arrays for DORT and 
TWODANT for both X-Y and R-Θ geometries (fig.3). Rectangles, circular sectors, triangles with 
arbitrary orientation in plane, rods and hexagons are the geometrical objects that can be input in the 
2D combinatorial geometry implemented in GGDM. 

 
The following data entries are generated by GGDM for DORT: 

• Integer control parameters: maximum number of X/R, Y/ Θ  intervals and number of material 
zones; 



• Fine mesh boundaries: X/R fine mesh boundaries and Y/ Θ  fine mesh boundaries; 
• Material density factor by fine space mesh; 
• Material zone by fine space mesh; 
• Material number by material zone; 
• Distributed source distribution array; 
• Commented information such as area source, density by zone and material; total area and source. 
 
The following data entries are generated by GGDM for TWODANT: 
• Dimensions and Controls (Block-I): geometry, number of coarse mesh intervals in the X/R and 

Y/ Θ  directions, total number of fine mesh intervals in the X/R and Y/ Θ  directions, number of 
geometric zones in the problem; 

• Geometry (Block-II): X/R co-ordinates of coarse mesh edges, Y/ Θ  co-ordinates of coarse mesh 
edges, number of fine meshes in each coarse X/R mesh, number of fine meshes in each coarse 
Y/ Θ  mesh, zone number for each coarse mesh; 

• Solver Input (Block-V): density factor for each fine mesh point, volumetric source isotropic 
spatial distribution; 

• Edit Input (Block-VI): fine mesh points (or interval) numbers at which point edits are desired, edit 
zone number for each fine mesh interval; 

• Commented information such as area, source, density by zone and material, total area and source. 
 
It must be stressed that the fine mesh GGDM generates is exactly coincident with the coarse 

mesh. Moreover GGDM generates a commented “Block IV”, reporting the correspondence between 
geometric zone number and DORT material mixture number. A potential user has to adapt this 
information to the proper TWODANT input modalities. 
 

Fig.3  Flow chart of the GGDM code. 

 
 

GGTM is the “twin” code of GGDM for 3D applications. It requires in input all the geometrical, 
material and fixed neutron source information to generate the geometrical, material and distributed 
source distribution arrays for TORT/THREEDANT for both X-Y-Z and R-Θ-Z geometries (fig.4). 
When users require X-Y-Z TORT/THREEDANT mesh grids to be generated, GGTM produces also a 
geometrical input file for the General Monte Carlo N-Particle Transport Code MCNP. It consists of as 
many parallelepiped cells as the TORT bodies are, without any overlapping with one another and 
filling up the finite TORT/THREEDANT X-Y-Z domain. The plane equations defining the cell 
borders are at the same time prepared by the code. GGTM reports in commented cards the cell list 
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related to each material, a material volume summary and the cells related to each uniform volumetric 
source distribution, if any.  

 
Parallelepipeds, cylinders, ellipsoids, spheres, right angle prisms with triangular base, solids of 

revolution with parabolic section, rods, truncated right angle cones, right angle prisms with equilateral 
regular hexagonal section, tori with circular, triangular and elliptical sections, all of them with 
arbitrary orientation in space are the geometrical objects that can be input in the 3D combinatorial 
geometry implemented in GGTM. 

 
The following data entries are generated by GGTM for TORT: 

• Control integers: length of key flux array; 
• Geometry controls: maximum number of X/R, Y/ Θ  and Z intervals, number of material zones and 

number of material zone bodies; 
• Fine mesh boundaries: X/R fine mesh boundaries, Y/ Θ  fine mesh boundaries and Z fine mesh 

boundaries; 
• Material density by zone; 
• Zone number by body; 
• Material number by zone; 
• Body geometrical boundaries: body left/right, inside/outside, bottom/top boundaries; 
• Key flux locations: i-key/j-key/k-key flux locations; 
• Distributed source distribution array; 
• Commented information such as volume, source, density by zone and material; total volume and 

source. 
 

The following data entries are generated by GGTM for THREEDANT: 
• Dimensions and Controls (Block-I): geometry, number of coarse mesh intervals in the X/R, Y/Z 

and Z/ Θ  directions, total number of fine mesh intervals in the X/R, Y/Z and Z/ Θ  directions, 
number of geometric zones in the problem; 

• Geometry (Block-II): X/R co-ordinates of coarse mesh edges, Y/ Θ  co-ordinates of coarse mesh 
edges, Z co-ordinates of coarse mesh edges, number of fine meshes in each coarse X/R mesh, 
number of fine meshes in each coarse Y/Z, number of fine meshes in each coarse Z/ Θ  mesh, zone 
number for each coarse mesh; 

• Solver Input (Block-V): density factor for each fine mesh point, volumetric source isotropic 
spatial distribution; 

• Edit Input (Block-VI): fine mesh points (or interval) numbers at which point edits are desired, edit 
zone number for each fine mesh interval; 

• Commented information such as volume, source, density by zone and material, total volume and 
source. 
 
It must be stressed that the fine mesh GGTM produces is exactly coincident with the coarse mesh. 

Moreover GGTM generates a commented “Block IV”, reporting the correspondence between 
geometric zone number and TORT material mixture number. A potential user has to adapt this 
information to the proper THREEDANT input modalities. 
 

The following data entries are generated by GGTM for MCNP: 
• Cell cards: each cell is a parallelepiped corresponding to a X-Y-Z TORT input file body. No 

overlapping exists among cells and they fill up the finite TORT/THREEDANT domain. GGTM 
adds a void cell to define the universe outside this finite domain. 



• Surface cards: planes normal to the X-axis (PX), planes normal to the Y-axis (PY), planes normal 
to the Z-axis (PZ). 

• Commented information such as cell list for each material, point source positions, if any; cell list 
related to each volumetric neutron source, if any, and volume for each material. 

 
The “stair-cased” X-Y-Z geometrical and compositional inputs produced by BOT3P for MCNP 

can directly be used but a patch to MCNP might save long computing time with respect to the standard 
method. The patch should allow users to deal with a compositional model defined in a finite X-Y-Z 
volume only by parallelepipeds without any mutual overlapping and with sides parallel to the X-Y-Z 
global axes, thus including, as a special case, compositional models derived from CT scans. A “stair-
cased” X-Y-Z geometrical description could be in many cases an acceptable approximation with 
respect to the standard geometrical description with surface equations of order higher than the first 
one. 
 

Fig.4  Flow chart of the GGTM code. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The Graphics Codes DDM, DTM2 and DTM3 
 

DDM is a DORT graphics pre/post processor and it allows users to check the correctness of the 
entries generated by GGDM by plotting the geometry, the material mixture distribution or the fixed 
neutron source distribution, if any. DDM can work as a DORT post-processor also, by displaying any 
non-negative scalar target quantities of the transport analysis, such as, for example, the scalar neutron 
flux. DTM2 and DTM3 allow users to check the correctness of the entries generated by GGTM by 
plotting the geometry, the material mixture distribution or the fixed neutron source distribution, if any, 
in two dimensional plots and three dimensional plots, respectively. Both DTM2 and DTM3 can work 
as TORT post-processors also, by displaying any non-negative scalar target quantity of the transport 
analysis, such as, for example, the scalar neutron flux.  

 
DTM2 makes 2D cuts of the model normal to one of the 3 co-ordinate directions X-Y-Z/R-Θ-Z 

and plots the material distribution or any non-negative target quantity on those cuts. 
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DTM3 can make 3D parallel projections of a selected set of model material mixtures in a user 
defined model volume by reproducing the material distribution or a target quantity distribution on the 
visible surfaces of the selected model. As an example see fig.5, which shows the fast neutron flux 
above 1 MeV relative to the ENEA VENUS-3 benchmark calculations. 

 
 

Fig.5  VENUS-3: Distribution of the fast neutron flux [n cm-2 s-1] above 1.0 MeV 
in the core region and in the steel zones in transport  calculations by ENEA 

 

 
 
The RVARSCL Program 
 

RVARSCL can read a “VARSCL” sequential format file produced by DORT and TORT when 
the discontinuous space mesh option is not used, and can write a new binary sequential format file 
according to the input requirements of the post-processors DDM, DTM2, DTM3. 



RVARSCL gets the spatial distribution of the scalar neutron flux as the result of the sum of a 
selected number of energy groups. It accepts any user’s non-negative weight (response) input function 
too, depending only on the energy group structure used in the DORT/TORT analysis, to be multiplied 
by the scalar neutron flux obtained in the DORT/TORT transport calculations. 
 
 
Conclusions 
 

BOT3P can easily be installed and run on any UNIX or Linux platform. It is user friendly and can 
be successfully applied to a broad collection of applications. 

 
It allows the re-use of the geometrical and compositional model of existing DORT/TORT input 

files and makes it possible to merge them with those described by a combinatorial geometry and or 
derived from CT scans. 

 
The 2D mesh generator included in BOT3P can produce the identical geometrical and 

compositional inputs for the DORT and TWODANT codes for both X-Y and R-Θ geometries. The 3D 
mesh generator included in BOT3P can produce the identical geometrical and compositional inputs for 
the TORT, THREEDANT codes for both X-Y-Z and R-Θ-Z geometries and also for the MCNP code 
in case of X-Y-Z mesh grids. Thus users can directly compare for the same geometry the only effects 
stemming from the use of different data libraries and solution approaches on transport analysis results. 
A patch to MCNP might be convenient for a more effective use of the MCNP geometrical and 
compositional models generated by BOT3P, both in order to save computing time and to deal with 
compositional models derived from CT scans. 

 
The graphical modules of BOT3P, based on the RSCORS Graphics System subroutines, contain 

all the essential features to check the compositional and geometrical inputs to DORT and TORT and to 
visualize any transport analysis scalar field. 

 
Through the use of BOT3P, radiation transport problems with complex 3D geometrical structures 

can be modeled easily, as a relatively small amount of engineer-time is required and refinement is 
achieved by changing few parameters. This tool is useful for solving very large challenging problems. 

 
All BOT3P versions are publicly available from the OECD/NEA Data Bank. 
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