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1. Introduction

KAERI has developed a two-dimensional multi-
group transport theory code KARMA (Kernel Analyzer
by Ray-tracing Method for Fuel Assembly). KARMA
uses CMFD (Coarse Mesh Finite Difference)
accelerated MOC (Method of Characteristics) method
for burnup calculation on a single fuel pin, a fuel
assembly and a core consisting of rectangular array of
fuel pins [1].

KARMA code intends to be employed as a nuclear
design tool for the Korean commercial pressurizer
water reactor. Prior to the application to actual
assembly designs, the code has to be approved by
regularity agency. Therefore, it is essential that the
reliability of KARMA code should be sufficiently
evaluated against well-defined benchmark problems.

In this paper, verification of GEOM/TRPT modules
of KARMA was performed to confirm a reliability of
the KARMA transport solution via comparisons with
Monte Carlo calculations [2] by using a consistent set
of multi-group macroscopic cross-sections.

2. General Description

A set of comprehensive benchmark problems called
as a benchmark matrix was defined and macroscopic
cross sections were described for each problem [3].
Benchmark problems for verification consist of 4
different two-dimensional problems as follows:

single pin cell problem,

multi pin cell problem,

single assembly problem, and
colorset problem.
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A unique type of pin cell geometry is used in this
benchmark for simplicity. The side length of pin cell is
1.26 cm, and the inner and outer radii of the clad are
0.48 and 0.54 cm, respectively. The outer region of the
clad is filled with water moderator. The gap region
between pellet and clad is ignored for simplicity.

The configuration of 4-benchmark problems is
illustrated in Fig. 1 to Fig. 2. Single pin cell problem is
loaded with 3.3 wt% UO, fuel and 3x3 multi pin cell
problem is consisted of 8 normal UO, fuel rods and a
central gadolinia-bearing fuel rod which is loaded with
8.0 wt% Gd,Os; admixed in 1.8wt% UO, fuel. Single
assembly problem is made up of a 17x17 array of 252
normal UO, fuel rods, 12 gadolinia-bearing UO, fuel
rods and 25 guide tubes. All guide tubes are filled with
water moderator. Colorset problem consists of a 2x2
periodic array of the 3.3 wt% UO, fuel assembly

described in the single assembly problem and the 4.3
wt% UO, fuel assembly containing 24 control rods. 24
guide tubes are filled with Ag-In-Cd as a neutron
absorber and a central guide tube is filled with water
moderator. For all the benchmark problems, reflective
boundary condition for the radial direction and infinite
condition for the axial direction (i.e. zero axial
buckling) are assumed.

In the KARMA calculation, adequate numbers of ray
for polar, azimuthal angels and ray width may be
different for problem by problem considering the
calculation time and accuracy. Generally, default ray
option is provided for typical fuel assembly calculations
of pressurized water reactor. Thus, sensitivity test for
ray option was studied for 4-benchmark problems and
following ray option was selected in this calculation.

1. Single pin cell problem
- RAY 28 0.05(Npor, Nazi, WipTH)

2. Bigger problem than single pin cell
- Ray 2 4 0.05 (default value)
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Fig. 1. Configuration of single and multi pin cell problems.

by O

D i%h

DO oo
o B
DOI@OO 000000
00000 500
Jeeeeee Sele
JoeeeeeeN

DI U0, FUEL ROD (3.3 wt%}

UQ, FUEL ROD (4.3 wt%)

-125-



Transactions of the Korean Nuclear Society Spring Meeting
Jeju, Korea, May 22, 2009

Fig. 2. Configuration of single assembly and colorset problems.

3. Calculational Results and Conclusion

The results obtained via a multi-group MCNP
calculation utilizing with 50 million histories were used
as a reference solution and eigenvalue and pin-by-pin
fission rate distributions were compared. Table 1 shows
eigenvalue differences between KARMA and MCNP
calculations for each benchmark problem. It shows that
results of two independent codes are good agreement
within ~0.00010 delta-k for single pin cell problem and
~0.00120 delta-k for fuel assembly problems. The
maximum difference of fission rate distribution is not
greater than 0.5% for every benchmark problems. Fig. 3
to Fig. 5 show the pin-by-pin fission rate distributions
for the benchmark problems.

These differences are within the acceptance criteria
of 0.00150 for eigenvalue and 0.5% for fission rate
distribution [4]. Thus, the calculational results with the
given multi-group cross sections are satisfactory and
demonstrated that the GEOM/TRPT module of
KARMA works correctly within the acceptable criteria.

Table. 1. Eigenvalue difference between KARMA and MCNP.

No Problem type KARMA MCNP Delta_K
1 Single pin cell 1.17638 1.17649 0.00011
2 Multi pin cell 0.88535 0.88603 0.00068
3 Single FA 1.07268 1.07373 0.00105
4 Colorset FA 0.97364 0.97482 0.00118
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Fig. 3. Pin-by-pin fission rate distribution - multi pin cell.
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Fig. 4. Pin-by-pin fission rate distribution — single assembly.
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Fig. 5. Pin-by-pin fission rate distribution - colorset.
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