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1. Introduction

Recently, the OECD/NEA/NSC PBMR-400 coupled
neutronics/thermal hydraulics transient benchmark problem
was proposed. ' The benchmark problem was derived from
the design data of the PBMR-400 nuclear power plant. The
benchmark problem consists of two phases. Phase I is a
steady state which consists of three exercises. Phase II is the
transient state initiated from phase I. Exercise 1 and
exercise 2 of phase I are stand alone steady state problems
for the neutronics and thermal hydraulics, respectively.
Exercise 3 is a couple neutronics/thermal hydraulics steady
state problem, which is the initial condition for the phase II
problems.

In this paper, we present a solution to the exercise 1 of
phase I of the benchmark problem by using the MASTER
code.” Although the original problem is defined as an R-Z
2D problem, we transformed it into an approximate 3D
problem which consists of many hexagonal prisms. The
approximate 3D problem was then solved by using the Hex-
Z solver of the MASTER code. To investigate the effect of
the geometrical approximation, the solution of the
MASTER code was compared with a reference finite
difference method (FDM) solution for the original problem.

2. Methods and Results

2.1 Description of the Problem

Figure 1 shows the geometry and the material
compositions of the original benchmark problem. Fuel
region, graphite region, control rod region, metal region,
and void region are marked in red, yellow, brown, gray, and
blue, respectively. Constant macroscopic cross-sections are
given for each material composition. The problem shown in
Figure 1 was transformed into an approximate 3D problem
which consists of many hexagonal prisms. Figure 2 shows
the radial distribution of the hexagonal prisms in the
approximate 3D problem. In the transformation, it is
impossible to preserve all the effective radii of the core-
reflector and outer boundaries since we have only one
degree of freedom, the pitch of the hexagon. We preserved
the core volume and we minimized the errors of the radii of
the boundaries. We obtained the 13.4470 as the pitch of the
hexagon and the corresponding effective radii are also
shown in Figure 2. The same axial mesh structure as that in
Figure 1 was used for the approximate 3D model. As shown
in Figure 1, a set of cross-sections is assigned to each node
in the original problem. The cross-sections for each Hex-Z

node were determined by a volume weighted average of the
cross-sections for the original nodes with which the Hex-Z
node overlaps. No mixing was allowed between the fuel
and the moderator.
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Figure 1. The geometry and the material compositions of
the original benchmark problem.
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Figure 2. Top view of the approximate 3D model

2.2 Results and Discussions

A fine mesh R-Z 2D FDM solution for the original
problem was taken as a reference solution. Figure 3 shows
the reference power density distribution and the error of that



obtained by azimuthally averaging the 3D MASTER results.

The nodes at the core periphery have relatively large errors,
which is ascribed to the approximation of the core/reflector
boundary with a zigzag one. A very large negative relative
error at the top of the outer periphery of the core is
observed though it is not so serious since the power density
itself is very small. The large negative error is ascribed to a
thermal flux depression near the control rod region. The
narrow and strong absorber compositions in the control rod
region of the original problem were diluted by the nearby
graphite moderator compositions to form a wide and weak
absorber region in the approximate 3D model, which caused
a wide thermal flux depression near the control rod region.

Table 1 compares the global parameters of the
solutions. The error of the effective multiplication factor is
182pcm, which is acceptable in practical applications. The
relative errors of the other parameters are very small except
for the leakage from the calculation domain. However, it
matters little because the leakage itself is very small.

Figure 4. shows the axially averaged relative power
density. The solid line is the reference solution obtained
from the R-Z 2D FDM solution. The dots are the axially
averaged relative power density at each hexagon in the
approximate 3D model. The power densities are different
even at the hexagons of which the distances from the center
of the reactor are the same depending on their azimuthal
position. We see a large azimuthal dependency of the power
density especially at the outer periphery of the core, which
was additionally introduced by the zigzag core/reflector
boundary in the approximate 3D model. The errors caused
by the azimuthal dependency can be canceled out by
azimuthally averaging the results in the 2D problems but
they are inevitable in the 3D problems.

3. Conclusion

In this paper, we presented a solution to exercise 1 of
phase I of the OECD/NEA PBMR-400 benchmark problem
using Hex-Z solver of the MASTER code. We obtained
very accurate results at the internal of the core. However,
we observed large errors at the core periphery caused by a
geometrical modeling error. The azimuthally averaged
results for this problem have an insufficient accuracy but
they are acceptable though.
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Figure 3. Comparison of Power Distribution

Table 1. Comparison of the global parameters

Reference MASTER
ke 0.99938 1.00120
Max. Powe Density (W/cm®) 10.77 10.87
Max. Fast Flux (n/cm’s) 2.109e+14 | 2.084e+14
Max. Thermal Flux (n/cm?*s) 3.296e+14 3.284et14
Leakage from Core (% per loss) 14.91 14.90
Leakage from Cal. Domain (%) 0.2571 0.4984
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Figure 4. Azimuthal Dependency of MASTER Solution
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