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Abstract – In Very High Temperature Reactors (VHTRs), the long mean-free-path 
and large migration area of neutrons leads to spectral influences between fuel and 
reflector zones over long distances. This presents significant challenges to the 
validity of the classic two-step approach of cross section preparation wherein 
infinite lattice transport calculations are performed on relatively small physical 
domains (e.g. single assembly) in order to compute homogenized few-group cross 
sections for whole core analysis. Effects of the inner and outer reflectors render 
infinite lattice calculations on a single peripheral fuel assembly quite inaccurate, 
while burnable poison locations affect neighboring assemblies as well. Use of 
transuranics-only (TRU) Deep Burn fuel in a prismatic VHTR (DB-VHTR) presents 
the additional challenge of producing vastly different neutron spectra between fresh 
and burned fuel. 
This paper presents the progress in seeking a systematic method for generation of 
diffusion theory data in optically thin, multiply-heterogeneous reactors in a 
production context. A companion paper presents the underlying theory and 
systematic development of the methodology.  In the context of this work, a supercell 
refers to an extended domain surrounding a region of interest. The extended domain 
is used to decouple the solution in this region of interest from the boundary 
conditions of the problem. This is an extension of the concept of color set, which was 
demonstrated to work very well for light water reactors (LWR). However, a half-
assembly in an LWR presents a greater neutronic depth (in mean free paths) than in 
a VHTR. 

In order to make the supercell calculations more computationally manageable,  an 
initial calculation is performed on a small domain and individual cells (individual 
compacts or coolant channels with graphite surrounding) are homogenized then 
used in the supercell calculations. This allows faster computation on the larger 
domain while retaining the overall hexagonal geometry of the fuel blocks. An 
application of this supercell concept using the DRAGON transport code is evaluated 
in this work for its effectiveness and practicality as part of an overall cross section 
preparation scheme for prismatic DB-VHTR reactors. The sizes of supercells for a 
peripheral fuel block are evaluated using independence from boundary conditions as 
an indicator.

I. INTRODUCTION

I.A. Description of Prismatic Deep Burn VHTR

The Deep Burn Very High Temperature Reactor 
(DB-VHTR) concept is a variation on the traditional 
VHTR such as the design specified for the Next 
Generation Nuclear Plant (NGNP).  As opposed to 

typical VHTR designs, which utilize enriched 
uranium fuel, the DB-VHTR concept is designed 
with the mission of burning transuranic (TRU) waste 
from LWR spent fuel.  [1]  Both pebble bed [2] and 
prismatic versions of the DB-VHTR are under 
investigation, the focus of this paper being on the 
prismatic.  The reactor parameters used in this 
analysis represent a simplified prismatic DB-VHTR 
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with core layout, fuel block design and TRU 
compositions similar to those in Reference [3].  

Figure 1 shows the layout of the core with the 
shaded regions representing the fuel blocks and the 
white regions the reflector blocks.  The dimensions 
are similar to the NGNP, but instead of the typical 
three rings of fuel,  the DB-VHTR has five rings of 
fuel in order to give lower leakage, increasing fuel 
economy and the resulting discharge burnup over a 
three-ring design.  The steel core barrel and vessel 
wall are shown in Figure 1 as well, but are not of 
great neutronic significance in this analysis.  These 
initial investigations were performed with the 
objective of capturing the effect of reflectors on the 
neutron spectrum in peripheral fuel blocks and the 
resulting cross sections and diffusion parameters 
generated for whole core diffusion code.  As a test 
for the methods, a block on the outer periphery 
(shown with an arrow in Figure 1) was selected as a 
fuel location whose proximity to reflector blocks 
would present a challenge for cross section 
preparation.

Table 1 gives a list of parameters for the DB-
VHTR core modeled in this work.  The design has 
been simplified in several ways for this preliminary 
stage of work; all fuel blocks were assumed to be 
fresh TRU-loaded fuel, no burnable poisons or 
control rods were modeled,  and axial effects were 
excluded from the analysis (i.e. 2-D core).   The fuel 
kernels of DB-VHTR fuel have reduced diameters 
from that of a typical VHTR design.  Here, 200 μm 
kernels were used containing stoichiometric TRU-O2
of density 10.86 g/cm3 and the isotopics given in 
Table 2.  The TRISO particle layers other than the 
fuel kernel are typical with the dimensions and 
densities given in Table 3.   Graphite in the compact 
matrix had a density of 1.70 g/cm3 while block 
graphite had a density of 1.75 g/cm3. 

Figure 2 shows a diagram of the simplified DB-
VHTR fuel blocks used in this analysis.  Note that 
the six corner locations, normally reserved for 
burnable poisons, have been filled in with graphite 
of the same density of the block.  Fuel and coolant 
locations are indicated in the figure by dark and light 
circles, respectively.  Fuel handling holes, along 
with control rod holes, have been omitted for further 
simplification of this preliminary analysis.   Reflector 
blocks were assumed to be solid graphite with the 
same density of the fuel block graphite material.  

I.B. Challenges in Modeling Prismatic DB-VHTRs

The traditional two-step method of neutronic 
analysis typically used for Light Water Reactors 
(LWRs) involves a transport calculation on a 
relatively small domain (usually one fuel assembly) 
in fine groups, followed by homogenization of the 
domain and condensation of cross-sections to course 
energy groups for a whole core nodal diffusion code.  
Because LWRs have very short neutron mean free 
paths, the spectral influence of one assembly does 
not penetrate deep into its neighboring assemblies.  

Therefore, for most LWR applications, a single 
assembly with reflected boundary conditions is 
adequate to capture the correct spectrum and 
produce accurate few group cross sections.   In more 
challenging scenarios, such as a partial core of 
mixed oxide fuel or surrounding a cruciform control 
rod in a boiling water reactor, colorsets are used 
which include in the domain one half of each of the 
surrounding fuel elements.

Fig. 1: Core map of simplified prismatic DB-VHTR 
with block of interest indicated with arrow.

Parameter Value

Block flat-to-flat dimension (cm) 36.0
Block pitch (cm) 36.1
Large coolant channel diameter (cm) 1.588
Large coolant channels per block 102
Small coolant channel diameter (cm) 1.27
Small coolant channels per block 6
Fuel compact diameter (cm) 1.245
Fuel compact locations per block 210
Fuel hole diameter (cm) 1.27
Coolant/Fuel channel pitch (cm) 1.88
TRISO packing fraction (%) 17.5

Table 1:  Core and fuel block parameters.

Nuclide Weight Fraction (%)

Np-237 6.8
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Pu-238 2.9
Pu-239 49.5
Pu-240 23.0
Pu-241 8.8
Pu-242 4.9
Am-241 2.8

Am-242m 0.02
Am-243 1.4

Table 2:  Fuel composition in weight percent

Layer Thickness (μm)
Density (g/

cm3)

Fuel Kernel 200 10.86
Buffer Layer 120 1.05

IPyC 40 1.9
SiC 35 3.18

OPyC 40 1.9
Table 3:  TRISO particle layer dimensions and 
densities.

Fig. 2: Schematic of simplified fuel block used in 
this analysis.

In Very High Temperature Reactors (VHTRs), 
the neutron mean free paths and resulting migration 
areas are significantly larger than those of LWRs.  
Thus the spectrum at any point in the reactor is more 
strongly influenced by other regions far from the 
point of interest.  Therefore, infinite lattice transport 
calculations for the purpose of coarse group cross 
section preparation is not adequate in VHTR 
analysis.  There are several types of dissimilarities 
between blocks that can affect the spectra of other 
blocks; fuel elements of different burnups or initial 
enrichments, placement of burnable poisons in 
adjacent blocks,  control rod locations, and perhaps 

most importantly, the location of reflector regions on 
the inside and outside of the annular fuel region.  

The particular case of the DB-VHTR introduces 
challenges additional to those faced in traditional 
enriched uranium VHTR analysis.  The difference in 
neutron spectrum between fresh TRU-loaded fuel 
and the same element fully burned is substantial in 
comparison to the change that occurs during the life 
of a fuel block loaded with enriched uranium.  
Furthermore, more extensive use of burnable 
poisons in the DB-VHTR than in the traditional 
VHTR may also complicate the spectral 
communication between neighboring blocks.

II. CALCULATION METHODS

II.A. DRAGON Supercell Models

The DRAGON [4] supercell models used here 
are constructed in a multi-step procedure starting 
with a small domain, which includes the 1/12th fuel 
block shown in Figure 3. Collision probability 
calculations are performed on this domain treating 
the double-heterogeneity of the TRISO particles in 
the fuel compacts directly using the method by 
Hébert. [5] The cross section library used was 
ENDF/B-VII in the SHEM-281 energy group 
structure. [6]  As is evident in Figure 3, DRAGON is 
currently limited in hexagonal geometry to building 
a hexagonal block from smaller hexagonal cells.  
Because of this, a single block is modeled by using 


