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The TWODANT code system 1 has recently been enhanced to include 
TWODANT/GQ and THREEDANT. 2 TWODANT/GQ solves the two-dimensional 
form of the discrete ordinates approximation to the transport equation on a gen
eralized quadrilateral mesh. This geometric capability is very general and allows 
nearly exact representations of X-Y or R-Z geometries. THREEDANT solves the 
three-dimensional form of the discrete ordinates equations. In addition to the 
conventional coarse-mesh material zone input, THREEDANT can also be linked 
to a three-dimensional nested-region mesh generation code called FRAC-IN-THE-
BOX. 3 THREEDANT can thus model a much wider variety of geometric shapes 
than any other discrete ordinates code. These enhanced geometric modeling ca
pabilities are applied here to the analysis of the VENUS PWR Mbck-Up Facility.4 

With TWODANT/GQ, a nearly exact representation of both the rectangular fueled 
assemblies and the cylindrical vessels is employed. Because of the geometric flex
ibility, a relatively coarse mesh can be employed. The TWODANT/GQ mesh for 
VENUS on a X-Y geometry is shown in Fig. 1. The advantage of TWODANT/GQ 
over more traditional methods of two-dimensional analysis (e.g., a very fine mesh 
r-theta or x-y calculation) is that the geometry may be accurately modeled with a 
much smaller number of mesh cells. This leads, of course, to much smaller and faster 
calculations. Furthermore, TWODANT/GQ uses diffusion synthetic acceleration5 

to speed-up its calculations. TWODANT/GQ is also vectorized except for the 
one-time ordering of the mesh cells for each ordinate. The only known limitations 
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to TWODANT/GQ are its somewhat tedious input and its loss of accuracy on 
severely distorted meshes. However, it has been shown that the diamond-difference
like differencing used in TWODANT/GQ is second order accurate for well-behaved 
meshes.6 THREEDANT can be applied to most geometries through its link to the 
FRAC code. FRAC accepts nested-region body inputs (parallelpipeds, spheres, 
spherical slices, cylinders, cones, boxes, wedges, hexahedron, ellipsoids, and tabu
lated bodies) and applies the user-specified X-Y-Z mesh to the geometry. Fine mesh 
cells containing more than one material are homogenized in this "slice and dice" 
procedure. FRAC then produces a binary interface file for THREEDANT which 
contains the material information for each fine mesh cell. Material masses are pre
served by this procedure, but material interface information within a fine mesh cell 
is lost. Practical experience with this scheme indicates that the spatial discretiza
tion and homogenization error is small as long as the THREEDANT mesh is fairly 
fine. Since the mesh must be less that 1-2 neutron mean free paths anyway, (be
cause of the diamond differencing) a THREEDANT mesh will almost always be fine 
enough for the "slice and dice" homogenization. The advantage of THREEDANT 
over more traditional three-dimensional synthesis methods is that THREEDANT 
requires no iterations between different calculations to calculate bucklings. No spe
cial assumptions are made regarding the spatial separability of the flux - it is calcu
lated directly. Like TWODANT/GQ, THREEDANT employs diffusion synthetic 
acceleration to speed up its calculations. THREEDANT is also highly vectorized. 
The only limitation encountered so far with THREEDANT is the fact that large 
calculations (say 2,000,000 mesh cells or more) require large amounts of CPU time 
and scratch disk space. Typical calculations (say 100,000 to 1,000,000 cells) require 
from 10 minutes to a few hours on a CRAY-YMP. They can also require up to a few 
gigabytes of scratch file space. For our analysis of VENUS, we applied the measured 
fission source as a fixed source and calculated the fluxes and activities throughout 
the mock-up. We used the BUGLE-80 cross sections7 and the dosimetry cross sec
tions from SAILOR.8 Fission spectrum constants were obtained from an analytic 
fit to thermal fission of U-235 integrated over the BUGLE energy boundaries. Re
sults from TWODANT/GQ, THREEDANT, and a very fine mesh TWODANT are 
compared with the experimental measurements for the Np-237 (n,f) reaction on a 
45 degree traverse through the core and the externals on Table I. C/E values from 
this result and others show that TWODANT/GQ and THREEDANT are capable 
of calculating pressure vessel dosimetry results. The unique geometric capabilities 
(with respect to other deterministic codes) of TWODANT/GQ and THREEDANT 
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should make them valuable codes for pressure vessel dosimetry calculations and 
other applications. 
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TABLE I 
^ 

CALCULATED NP-237 (n-f) F.P. 
EQUIVALENT FISSION FLUXES FOR VENUS 

C/E Ratios 

Distance Along Np-237 (n-f) F.P. TWODANT Coarse Mesh Fine Mesh 
45°Traverse Equivalent Fission Fluxes GQ TWODANT TWODANT THREEDANT 

0.0 cm 
6.23 cm 

10.69 cm 
16.04 cm 
21.38 cm 
26.73 cm 
32.97 cm 
36.57 cm 
40.09 cm 
43.67 cm 
47.22 cm 
50.78 cm 
55.26 cm 

1.69e9 
2.71e9 
3.87e9 
4.22e9 
3.99e9 
3.22e9 
1.02e9 
5.59e8 
3.68e8 
1.65e8 
1.02e8 
5.62e7 
2.04e7 

1.12 1.11 1.14 1.20 
1.08 1.12 1.13 1.18 
1.09 1.10 1.10 1.14 
1.08 1.08 1.08 1.12 
1.09 1.09 1.09 1.13 
.98 .99 1.01 1.03 

1.10 1.11 1.10 1.15 
1.19 1.17 1.18 1.26 
1.03 1.05 1.05 1.13 
1.25 1.28 1.28 1.39 
.95 .99 1.03 1.10 

1.00 .98 1.04 1.13 
1.13 1.10 1.17 1.28 
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