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Abstract

Nuclear transmutation technology has been developed for burden reduction of deep disposal of high-level radioactive
waste (HLW), remaining after reprocessing spent nuclear fuels at nuclear power plants. In this study, we have been
studying the transmutation system in which multiple cyclotrons are operated in parallel for transmutation of long-lived
fission products (LLFP). The LLFP target is on two rare metal nuclides of '9’Pd (7, = 6.5 million years) and **Cs (7
= 2.3 million years), so, it can be expected to be recycled if it is transmuted to stable isotopes. We have proposed
transmutation method that use efficiently the spallation reaction with deuterons accelerated to 100 MeV/u, (n, 2n), (n, 3n)
reaction of fast spallation neutrons, and the capture reaction of thermal or epithermal neutrons. Also, In order to
quantitatively evaluate transmutation amount, we have created the iterative routine that combines the particle transport
calculation code PHITS and the induced radioactivity evaluation code DCHAIN-PHITS. This routine can be used to
estimate a time evolution of nuclides composition due to transmutation with high accuracy. In this report, we will discuss
the status of structural study of neutron source for LLFP transmutation together with the transmutation amount.
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Table 1: HLW Nuclide Composition in Spent Nuclear Fuel
(PWR 33GWd/tHM, after Cooling for Syears)

Nuclide Half lifetime | Composition
(year) (kg/tHM)

Np-237 2.41 x 10° 0.6

MA Am-241 4.33 x 102 0.4
Am-243 7.32 x 103 0.2

Cm-244 18.1 60

1-129 1.57 x 107 0.2

Pd-107 6.5 x 10° 0.3

LLEP Cs-135 2.3 x10° 0.5
Z1r-93 1.5 X 10° 1.0
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Table 2: LLFP Isotope Composition in HLW (red : LLFP)

Element mass Half lifetime cotlligt)osli)gon
number (year) o
(%)
104 stable 15.49
105 stable 27.60
Pd 106 stable 26.68
107 6.5 x 10° 16.25
108 stable 10.79
110 stable 3.19
133 stable 43.82
C 134 2.1 0.89
s 135 2.3 x 10° 12.87
137 30 42.42
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Figure 1: Tracking of spallation neutrons producted in Cs
target. 6 MeV neutron is thresold of paradium (n,2n),
(n,3n) reaction.
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Figure 2: Angular distribution of spallation neutrons
producted from cylindical Cs target surface. Y- axis is
integrated value of angular distribution of £ 5 degree
(e.g. 30 deg =305 deg).
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transmutation by neutronics search using PHITS.

Figure 3: source design for LLFP
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Table 3: The Property of Neutron Source

Beam power 6MW (100 MeV/u 30 m,

Beam type Deuteron ¢20cm

Target 1 (length/radius) | Liquid Cs (14cm/ 10cm)

Target 2 (length/radius) Pd (0.25cm / 10cm)

Forward  (30cm / 17cm)
Medium  (14cm/ 7.6cm)
Backwardl (10cm / 7.6-21.8cm)
Backward2 (10-15cm / 21.8cm)

(15cm / 10cm)

Moderator 1 : Pd
(length/radial thickness)

Moderator 2 : heavy water| Forward

(length/radial thickness) | Radial (84cm / 52cm)
FP region (Thickness) Pd (4cm)
Reflector (Thickness) Pb (20cm)

Pd: 1116 kg ('7Pd : 181 kg)
(Pd : 3380 kg (""7Pd : 549 kg) )

FP mass

(last year[2])
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(a) Comparison Pd-107 transmutation amount with 1 time

PHITS and iterative routine.
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(b) Stable elements production / depletion amount.

Figure 4: (a)The iterative routine made it possible to calculate LLFP transmutation considered with the composition time-

change (without an iterative calculation, 1 time PHITS is calculated).

(b) Pd-107 transmutation amount increases(a :

perpul), but, stable Pd nuclides are converted to other stable nuclides(b : orange), especially Cd that is not a rare metal.
Calculation condition are beam intensity : 1A and supplying liquid-Cs & Heavy water always new.
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Figure 5: Time-evolution of '“7Pd transmutation ratio for
each Pd region. Pd mass in two region are almost the same,
but the transmutation ratio of moderator-Pd is about 5
times, so, drastically changing composition.
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