
0 100 200 300 400 500

Center

0 100 200 300 400 500

Center

0

100

200

300

400

0.0

0.5

1.0

1.5

0 100 200 300 400 500

Center

1011

10
12

1013

1014

10
15

1016

10-1100 101 102 103
104 105 106 107





Table 1 Outline of Measured Spent Fuel Subassembly

Calculation Code MCNP-4A

Cross Section FSXLIB(JENDL-3.2)

Neutron Source
Spectrum

Spontaneous Fission
Watt Type (244Cm)

Reaction
Energy :

5.5MeV

History 5

FSD
Less than 1% for

Detector Responses

Neutron Intensity (n/s/Subassembly)

Measurement MAGI + ORIGEN2

C/E



"MAGI" calculation shown in Table 5 indicates that neutron intensity from 244Cm amounts to
about 50% of the total number. Therefore, the neutron intensity depends on the 244Cm
distribution in the fuel which had been mainly produced by 243Am (n, ) reaction.

In order to investigate the 244Cm distribution, the neutron spectra and 243Am (n, ) reaction
rates at the top, center and bottom of the fuel region are compared in Fig. 5 and Fig. 6,
respectively. As the JOYO Mk-II driver fuel has axial reflectors of stainless steel with an
insulator pellet of depleted uranium between MOX fuel and the axial reflector, the neutron
spectrum at the bottom of the fuel region is softer than that of the center. This effect is less at
the top because of the neutron absorption by the control rod. As a result, 243Am (n, )
reaction rate at the bottom is higher than that of the top, and the increase of the neutron
intensity from 244Cm as shown in Fig.7 was also due to the same reason. Similar phenomena
was observed concerning the 243Am distribution from Am isotope ratio analysis conducted in
post irradiation examination.6) However, the increase of the measured neutron intensity at
the bottom end was significant, and is even larger than that of the center. It appears due to the
error in solving the inverse matrix of detector response, so further investigation is required.

5. Conclusion
Neutron intensity of spent JOYO Mk-fuel with a burnup of 62,500MWd/t and cooling

time of 5.2 years was measured and compared with the calculation based on the JOYO core
management code system. The measured neutron intensity in the whole fuel was about 2.4
106n/s, and the average C/E approximately 1.2 was obtained. It was found that the axial
neutron intensity didn't simply follow the burnup distribution, and the neutron intensity was
locally increased at the bottom end of the fuel region due to an accumulation of 244Cm.
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of the JOYO Mk-II core with a burnup of 62,500MWd/t and cooling time of 5.2 years was
measured in this study. The outline of measured spent fuel subassembly is shown in Table 1. 

3. Calculation
3.1 Detector Response Calculation

Because the neutron distribution was measured without collimation, neutrons emitted from
the whole fuel region contributed to the counts by a B-10 proportional counter. Therefore, the
detector response per neutron released from the spent fuel was required to convert the neutron
counting rate into the neutron intensity. The detector response matrix as shown in Fig. 2 was
calculated using the Monte Carlo code "MCNP-4A"1) in the water moderated condition.
Some calculation conditions by "MCNP-4A" were shown in Table 2. The neutron cross
section set used in this calculation was the FSXLIB2) processed from the JENDL-3.2 library.3)

As the detector counts the primary neutron from the spent fuel produced by spontaneous
fission and ( , n) reactions, but also the secondary neutron which was generated by the
induced fission reaction in the spent fuel with a moderated neutron. Therefore, the effect of
the neutron multiplication was also considered in the calculation.

3.2 Neutron Intensity Calculation
The neutron intensity was then calculated by multiplying the atomic number of actinide

nuclides by spontaneous fission and (, n) reaction rates. The burnup calculation to obtain
the change of fissile composition of U, Pu and the transmutation of minor actinides was
conducted using the JOYO core management code system "MAGI". 4) The details of the
calculation method of "MAGI" is shown in Table 3. The neutron flux distribution was
calculated on the basis of a 3-D diffusion theory with seven energy groups. The neutron
cross section was collapsed from the 70 group JFS-3-J2 cross section set 5) processed from the
JENDL-2 library. The reactor power history and the core configuration in each operational
cycle of the JOYO Mk-II core was simulated exactly in the "MAGI" calculation.

The accuracy of the neutron flux calculation was evaluated to be less than 5% in the fuel
region according to the comparison between "MAGI" and reactor dosimetry test results based
on the foil activation method. The axial neutron flux by "MAGI" was corrected so that the
relative distribution (see Fig. 3) of calculated and measured (144Pr) burnup could match.

4. Result and Discussion
Comparison of measured and calculated neutron intensity is shown in Fig. 4 and Table 4.

The measured neutron intensity in the whole fuel was about 2.4106n/s, and it was about 2.5
times as much as that of fresh (unirradiated) fuel which is calculated to be about 9.7105n/s.
The ratio of calculated to measured value (C/E) ranged from 0.89 to 1.47 in each fuel region
with the average C/E of 1.22. The error of C/Es ranged from 14% to 32% and was mainly due
to an uncertainty in solving the inverse matrix of detector response to obtain neutron intensity.

The measured 144Pr distribution (Fig. 3) showed that the axial peak of burnup was slightly
shifted downward due to the control rod insertion during irradiation. Different from the
roughly symmetrical shape of axial burnup distribution, it was observed in Fig. 4 that the
neutron intensity at the bottom of fuel region was apparently higher than that at the top. The
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Neutron intensity of spent fuel of the JOYO Mk-II core with a burnup of 62,500MWd/t
and cooling time of 5.2 years was measured at the spent fuel storage pond. The measured
data were compared with the calculated values based on the JOYO core management code
system "MAGI", and the average C/E approximately 1.2 was obtained. It was found that the
axial neutron intensity didn't simply follow the burnup distribution, and the neutron intensity
was locally increased at the bottom end of the fuel region due to an accumulation of 244Cm.

1. Introduction
Neutron intensity of spent fuel is important not only for the shielding design and dose

evaluation of the reprocessing plant and the transportation of the mixed oxide (MOX) fuel,
but also for the core management, because it contains more minor actinides than that of LWR
fuel. The accuracy of neutron intensity depends on each neutron intensity from spontaneous
fission and ( , n) reactions of individual nuclide, and burnup calculation for its production
and transmutation. Due to the lack of accumulated data, obtaining an evaluation of neutron
intensity accuracy has not been achieved yet.

In order to obtain the experimental data and to improve the accuracy of burnup
calculation, the neutron intensity from a spent fuel subassembly of the experimental fast
reactor JOYO Mk-II core was measured. The measured data were compared with the
calculated values based on the JOYO core management code system.

2. Measurement
The neutron intensity measurement was taken in the spent fuel storage pond at JOYO as

illustrated in Fig. 1. The measurement system consists of a neutron detector, a gamma-ray
detector and the fuel scanning device which contains the spent fuel inside. Axial and
circumferential distribution of neutron and gamma-ray emitted from a spent fuel was
measured by moving the fuel scanning system vertically and by rotating itself around the
fixed detectors. B-10 proportional counters with sensitivity of 0.78cps/nvth or 5.83cps/nvth
were used for the neutron detector depending on the neutron intensity of spent fuel.
Cadmium shield was covered around the neutron detector to improve the S/N ratio by
reducing the thermal neutron which was moderated in the water and became the background
in the measurement. Gamma-ray spectrum of the spent fuel was measured with a high purity
germanium (Ge) detector to obtain burnup distribution by counting 2.186MeV peak of 144Pr
which is one of the representative fission products. The stainless steel collimator with lead
slits was used to increase the position resolution for the gamma-ray measurement. Spent fuel


