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In the back-end issues of nuclear fuel cycle,
selection of reprocessing or one-through is a big issue.
For both of the cases, a reasonable interim storage and
transportation system is required.

This study proposes an advanced practical
monitoring and evaluation system. The system features
the followings:

1 .Storage racks and transportation casks taking credit
for burnup.

2. A burnup estimation system using a compact moni-
tor with Cd-Te detectors and fission chambers.

3.A neutron emission-rate evaluation methodology,
especially important for high burnup MOX fuels.

4.A nuclear materials management system for safe-
guards.

Current storage system and transport casks are
designed on the basis of a fresh fuel assumption. The
assumption is too conservative. Taking burnup credit
gives a reasonable design while keeping conservatism.

In order to establish a reasonable burnup credit
design system, a calculation system has been developed
for determining isotope compositions, burnup, and
criticality. The calculation system consists of some
modules such as TGBLA, ORIGEN, CITATION,
MCNP and KENO. The TGBLA code is a fuel design
code for LWR fuels developed in TOSHIBA
Corporation. The code takes operational history such
as, power density, void fraction into account. This code
is applied to the back-end issues for a more accurate
design of a storage and a transportation system. The
ORIGEN code is well-known one-point isotope depletion
code. In the calculation system, the code calculates isotope
compositions using libraries generated from the TGBLA
code. The CITATION code, the MCNP code, and the
KENO code are three dimensional diffusion code,
continuous energy Monte Cairo code, discrete energy
Monte Cairo code, respectively. Those codes calculate k-
effective of the storage and transportation systems using
isotope compositions generated from the ORIGEN code.
The CITATION code and the KENO code are usually
used for practical designs. The MCNP code is used for
reference calculations because of the long calculation time,
although the code gives the most accurate results among
three codes.

A compact measurement system for a fuel
assembly has been being developed to meet
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requirements for the above items 2 to 4. The
measurement system is something similar to the well-
known FORK system, and consists of two types of
detectors, namely, a Cd-Te detector for gamma-ray
spectrum measurement and a fission chamber for
neutron measurement.

A Cd-Te detector is used for burnup measurement
in which Csl37 to Csl34 ratio measurement method
is employed. The method is less sensitive to deviations
in assembly position than Csl37 measurement method.
The fact is advantageous for a fuel storage pool in which
a fuel assembly is not easy to be precisely fixed. A
CdTe detector have the following advantages:

a.Sufficient energy resolution for burnup measure-
ments, e.g., Schottky type CdTe detector achieves
the resolution of 2% at 662keV gamma-ray emit-
ted from Csl37.

b.Compact system, CdTe has high efficiency for
gamma-ray because of the large atomic number,
which results in sufficient efficiency even with
small crystal. Furthermore, a CdTe detector is
operated in room temperature without a liquid ni-
trogen tank which a Hp-Ge detector requires.

The application of a CdTe detector enables the
measurement system smaller.

Neutron measurement method is utilized for
burnup and neutron emission rates measurements.
Neutron emission rates are quite important for spent
MOX fuels. Neutron emission rates of spent MOX fuels
are significantly higher than those of spent UO2 fuels,
therefore, a neutron shielding design is a more
important problem for a transportation cask.

Neutron measurements are carried out with two
fission chambers placed both the sides of an assembly.
A fission chamber is not sensitive to gamma-rays, which
results in small system without shielding. The sum of
counts from two chambers is less sensitive to deviations
in assembly position, which results in smaller
uncertainty in measurement.

Nuclear materials management is carried out
through burnup management. The amount of nuclear
materials is estimated on the basis of burnup values,
initial enrichments, and operational histories. Nuclear
materials management is especially important for spent
MOX fuels in view of safeguards.

Burnup, neutron emission rates, and the amount



of nuclear materials are determined with measured
values and calculated values.

Burnup and neutron emission rate estimations
should be carried out at the time of shipping to
transportation casks in a power plant. The measurement
system is placed on a wall of a fuel storage pool.
Shipping of spent fuels is determined by help from the
results of the measurements .

Nuclear materials managements should be
periodically carried out in interim storage facilities.
Reliable methods and technique are required to satisfy
transparency along with non-proliferation.

The measurement system is made with suspension
at fuel transportation machine. A fuel assembly is raised
vertically from a storage position and neutron
measurement is made. After the measurement, the fuel
assembly is returned to the storage position, a set of
the nuclear material inventory is evaluated through the
burnup value deduced from the measured value.

As a simple case, a procedure taking credit for
only one cycle burnup is also developed. In this case,
measurement system consists of only a ion chamber
for a fuel storage pool in a power plant. Gamma ray

intensities are quite different between fresh fuels and
irradiated fuels, therefore, only total gamma-ray
measurement with ion chamber is carried out instead
of gamma-ray spectrum measurement. The design gives
more simple system instead of smaller merit of burnup
credit. The design is considered as a first step to
introduce a burnup credit system.

Some model calculations were carried out for the
BWR fuels of the latest design called STEP-3 whose
assembly-averaged initial enrichment was 3.5% and
assembly-averaged burnup was 45G Wd/t. For a current
transport cask which accommodates 38 assemblies, it
was found that all assemblies could not be shipped to a
cask without taking credit for burnup. For the current
storage rack, it was found that burnup credit enables a
design without borated stainless steel.

The above-mentioned advanced storage and
transportation system has many merit, yet, the system
is not sufficiently validated with measurements. For
the validation of the calculation system and the
measurement system, sufficient post irradiated
experiments and benchmark calculations are needed
with international-basis to meet material management
requirements.
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