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1. Introduction

Recently, the demand of in-pile test for the nuclear
fuel using HANARQO irradiation facility is increasing.

For the light water reactor, the irradiation test capsule
containing both dual cooled fuel and high performance
fuel was irradiated[1]. Also, micro cell UO, pellet for
enhancement of accident tolerant ability and boron
bearing UO, pellet for replacement of rare earth element
will be irradiated.

For the GEN-IV nuclear system, U-Zr and U-Zr-Ce
metallic fuels were irradiated for sodium-cooled fast
reactor (SFR)[2]. 2nd irradiation test for SFR fuel is
planned, so the conceptual design of irradiation test
capsule is conducting. The in-pile test of coated particle
fuel for very high temperature gas cooled reactor
(VHTR) was also conducted[3].

For the research reactor, 8 mini plate fuels were
irradiation-tested during 4 irradiation cycles. 2 more
irradiation capsules were fabricated for additional test
of plate type fuel[4]. Also fission Mo target for the
performance verification and the demonstration of Mo-
99 extraction process will be irradiated at HANARO.

It is important to evaluate the burnup history of test
fuel. The burnup of test fuel has been calculated using
HANARO Fuel Management System (HANAFMS)[5].
Although it is proper to evaluate the burnup of
HANARO fuel, it is difficult to accurately calculate the
burnup of test fuel due to the limitation of HANAFMS
model. Therefore, the improvement of burnup
evaluation for the recent irradiated test fuel is conducted
and reported in this paper.

2. Results and Discussions
2.1 Burnup calculation using HANAFMS

The irradiation test of HAMP-1, the first batch of
HANARO Mini Plate irradiation test, was conducted for
108.41 effective full power days. Since the calculation
model of HANAFMS is composed of H-Z, it is hard to
evaluate the burnup of each plate. Fig. 1 shows the
horizontal model of HANAFMS for HAMP-1. To
calculate the burnup, the hexagonal lattices of first and
second ring were homogenized. Therefore, the average
burnup of 4 plates are calculated from HANAFMS.
Therefore, only 2 axial sections were considered for
HAMP-1.

Fig. 2 shows the burnup calculation result for HAMP-
1 by HANAFMS. The final burnups of lower and upper
part are 132.4 and 105.7 GWD/MTU, respectively.
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Fig. 1. The horizontal model of HANAFMS
for HAMP-1
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Fig. 2. Burnup calculation result for HAMP-1
by HANAFMS

2.2 MCNP model with burned HANARO fuel

MCNP is widely used to calculate the reaction rate,
flux and spectrum in the research reactor due to its the
flexibility of geometry. To construct the MCNP burned
core model, the calculation flow shown in fig. 3 was
used. Representative  compositions of  specific
HANARO fuel burnup groups are calculated throughout
HANARO core depletion by MCNP6. The burnup
information of 13,104 HANARO fuel sections, 14 axial
sections in 1 rod, from HANAFMS is used for MCNP
cell/material input. The calculation frequency of MCNP
burned core model was same with HANAFMS, 28
calculations in the case of HAMP-1. After the kcode
calculation, HANARO fuel assembly power and
criticality were compared.
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Fig. 3. Calculation flow of MCNP burned core model

Fig. 4 shows the root mean square error (RMSE) of
HANARO fuel assembly power between HANAFMS
and MCNP burned core model. The RMSEs were less
than 3% in all 48 calculation results from 89 to 95
operation cycle of HANARO. Therefore, MCNP burned
core model is also reliable due to the good agreement
with the HANAFMS.
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Fig. 4. Root mean square error of HANARO fuel
assembly power between HANAFMS and MCNP
burned core model

2.3 Burnup evaluation of test fuel using MCNP
To evaluate the burnup for each plate of HAMP-1,
MCNP burned core model was used. Fig. 5 shows each

plate average burnup of HAMP-1. The calculation result
was less than the result of HANAFMS.
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Fig. 5. Burnup calculation result of HAMP-1 using
MCNP burned core model

3. Conclusions

To evaluate the burnup of test fuel, HANAFMS has
been used; however, HANAFMS model is not proper to
apply plate type fuel. Therefore, MCNP burned core
model was developed for HAMP-1 burnup calculation.
Throughout the comparison of fuel assembly power,
MCNP burned core model showed the good agreement
with HANAFMS.
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