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Research and Development Related to the Accident at TEPCO’s Fukushima Daiichi NPS

In the accident at 7(3C2
s )uNushima 'aiichi N3S, nuclear 
fuel melted down, resulting in the formation of fuel debris 
containing structural materials such as steel and concrete. )or 
the retrieval and management of the fuel debris, criticality safety 
is essential, therefore computations are under way to evaluate 
criticality characteristics of fuel debris. +owever, there are no 
experimental data on the criticality of fuel debris to validate 
the analytical evaluation. +ence, we started a proMect to obtain 
experimentally the data of fuel debris using the new S7$C< 
critical assembly, in which pseudo fuel debris rods with well�
Nnown composition will be loaded.

In the case of fuel debris including concrete, the concrete itself 
contains water, which contributes to neutron moderation along 
with the surrounding water. It is also necessary to evaluate the 
effects of other concrete components such as 0g, Si, $l, and 
Ca on criticality characteristics. 7he preliminary perturbation 
calculation revealed that the neutron capture reaction of Si had 
a significant effect. 7o examine the Si effect e൶ciently, the core 
configuration should be optimi]ed. Because of the technical 
constraints in preparation of the pseudo fuel debris rods with 
various compositions, and reduction of radioactive waste 
throughout the experiments, it was decided to use, instead of 
pseudo fuel debris rods, a combination of 822 fuel rods and 
concrete sample rods to simulate environments of the fuel 
debris. $t the same time, the goal of core configuration was 
set to obtain maximum Si sensitivity with a small number of 
concrete sample rods.

$s shown in )ig.���, the fuel rods are arranged at 

predetermined intervals by lattice plates in the core tanN. By 
changing the lattice plates, it is possible to simulate various 
neutron�moderation conditions in which the fuel debris is 
located. In the optimi]ation, a two�region core configuration 
was devised to reduce the total number of fuel rods, with 822 
fuel rods and concrete sample rods in the central region and only 
822 fuel rods in the outer region. 7he optimi]ation parameters 
are the lattice interval (3�, 32), the si]e of the region ('�, '2), 
and the ratio of concrete sample rods (w). )irst, 3� was set to 
obtain a targeted condition of neutron moderation for fuel debris, 
32, '�, '2, and w were optimi]ed to maximi]e the sensitivity 
of the Si neutron capture reaction. )ig.��� shows one of the 
results of the core configuration optimi]ation. $lthough the 
integral Si sensitivity of the optimi]ed core configuration is 
lower than the hypothetical case in which a large amount of 
simulated fuel debris is prepared and loaded, the sensitivity 
obtained per concrete sample rod is 2.�� times higher than that 
of the hypothetical case. In addition, a realistically constructible 
core configuration is obtained. 7hese experimental data will 
greatly contribute to obtaining the effect of concrete components 
including Si on criticality characteristics and is expected to be 
useful for the development of criticality evaluation methods for 
the handling of fuel debris during decommissioning.

7he worN reported in this article was performed under the 
auspices of the Secretariat of Nuclear 5egulation $uthority 
(N5$), -apan.
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To Establish Safer Criticality Management of Fuel Debris
－Optimization of the Core Configuration of the New STACY for Debris Simulation－

Fig.1-8  Overview of the new STACY and optimization 
parameters
UO2 fuel rods in the new STACY are supported by lattice plates. 
The center lattice is loaded with UO2 fuel rods and concrete rods, 
and the outer lattice is loaded only with UO2 fuel rods to achieve 
criticality. The interval of the center lattice is arbitrarily adjusted 
to simulate the neutron-moderation conditions in which the fuel 
debris is located.

Fig.1-9  Pressure variation of metal lattices of YH3

In the optimized core configuration, the integral Si sensitivity 
is lower than that of the hypothetical case with a large amount 
of pseudo fuel debris, but the sensitivity per sample rod is 
higher. Note that this core can be realistically constructed. Other 
optimizations were performed for the cases of P1 = 1.00 cm and 
1.50 cm.
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P1: 1.00 cm
Pseudo fuel debris: 2600 rods

P1: 1.50 cm, D1: P1 × 15
P2: 3.00 cm, D2: P2 × 15
Concrete: 140 rods

Optimization

Si integral sensitivity decreases by the factor of 0.15 for whole
core, but improved by a factor of 2.74 per sample rod.


