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On the annihilation of excess plutonium, a new system of Pu rock- like fuels (ROX) and their once-through
burning in PWR (ROX- PWR system) has been studied. In the system, Pu is converted into rock-like fuels (ROX)
by addition of inert additives in conventional MOX fuel facilities. They are almost completely burned in PWR
for generating electricity. The spent fuels thus obtained consist of mineral-like solid phases with high geological
stabilities, and are disposed without further processing after 30-50 years cooling[l,2].

1. Remarkable features of the system
(1) Proliferation resistance based on ROX fuel

As Pu rock- like fuels (ROXs) have compositions and crystal structures analogous to those of geologically
stable minerals, their chemical stabilities are excellent. The ROX fuels are themselves bearers of proliferation
resistance.

The ROX fuel provides a neutron economy better than UO2 fuel, because main neutron absorption isotope
U-238 is replaced by neutron scattering elements of low atomic number. In the ROX-PWR system, therefore,
about one tone of Pu could be annihilated under one GWe /300 EFPD. More than 90% of Pu-239 and 80% of
total Pu in ROX fuel have been transmuted. The spent fuels thus obtained do not contain valuable Pu from
proliferation viewpoint.
(2) Environmental safety of spent ROX fuel

The chemical stabilities are excellent in hot water as well as in hot HNO 3. The leach rates of spent ROX
fuels are remarkably low. Their geological stabilities are supported by those of natural minerals and rocks with
analogous compositions and crystal structures (natural analogues).
(4) Use of conventional facilities

The system consists of conventional facilities with normal equipments based on the present technological
backgrounds such as MOX fuel facilities, PWR and HLW repository. Accordingly, the ROX- PWR system
appears to be economical for disposing excess Pu by a rough cost estimation.

1. Present status
(1) Fuel study[3]

From consideration and experimental results of candidates, the ROX with a two-phase mixture of 40-50%
fluorite (ZrO2) +60- 50% spinel(MgAl2O4) appears to be appropriate for PWR use. Physical and chemical
properties of ROX are compiled in Table 1 compared with those of MOX. While the melting temperature of ROX
is lower than that of MOX, the thermal conductivity of ROX is higher than that of MOX . The results of
irradiation experiments show dissolution of solid fission products into the mineral-like phases in ROX fuel. The
investigations of swelling behavior are under way. It has been shown that the fluorite-type phase, the host phase
of Pu and TRU, is apparently insoluble into hot HNO 3 solution before and after irradiation.

(2) Core design of PWR[4]
The core design of one GWe class 17x 17 type PWR has been studied for ROX fuel. In the ROX fuel core,

Doppler and void reactivity coefficients are relatively small, and the power peaking factor is large as compared
with the existing UO2 fuel core. Hence, the transient behavior has been investigated by performing the safety
analysis for reactivity insertion and loss of coolant accidents. As a result, a homogeneous core of ROX fuel added
15mol%U02(or 24mol% ThO2) is proposed for high annihilation efficiency, and a heterogeneous core of 1/3 ROX
+ 2/3UO2 for almost complete burning of the excess Pu without production of new Pu in ROX fuel. Transmutation
rates of Pu are shown in Table 2 for various fuels and loading types into PWR.

3. Coming R&D program
The items in the followings will be examined for the use of MOX fuel facilities, PWR and others in coming

years: (1) Fuel fabrication process, (2) Irradiation experiments of ROX, (3) Spent fuel disposal, (4) Measurement
of Doppler reactivity and analysis for irradiated data of Pu, and (5) Total assessment of the system .
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Table 1, Physico-chemical properties of ROX and MOX fuels

Property

Composition

Production

Chemical stability

Thermo-physical property
specific gravity

heat capacity (J/g/K)

thermal conductivity
at 95TD (W/m/K)

melting temp. ( °Q

thermal expansion coef.
(1/K)

ROX fuel

40-50 mol% ZrO 2(Y,U) +
60-50 mol% MgAl 2O4

1,600-1,700 °C, H2

slightly soluble in hot
HNQ. sol.

6.0

0.58(400°Q, 0.74(1000 °C)

6.3(300 °C)
4.0(1000 °C)

1940°C(eutectic)

7-10 X10-6

MOX fuel

5mol% PuO2 + 95mol% UO2

~ 1,800 °C,H2

easily soluble in HNO3 sol.

10

0.29(400 °C), 0.32(1000 °Q

5.3(300°C)
3.0(1000 °C)

2800°C

8-11 X10-6

Table 2. Comparison of annihilation rates of Pu in ROX-PWR system (tone/GWe/300EFPD)
(2-dimensional core calculation and cell calculation)

Weapons-grade Pu Reactor-grade Pu
Loading / Fuel type "™~ _ _ _ _ _ _,

input output transmutation input output transmutation

Zr-ROX Pu-239 1.02 0.020 1.00(98) 0.80 0.08 0.72(90)
total Pu 1.09 0.182 0/?.K?.3j 1-36 0.44 .0-?2(68)

Zr-ROX Pu-239 0.89 0.03 0.86(97) 0.86 0.09 0.77(90)
(24%ThO2) total Pu 0.96 0.22 °.:M7.7).._ !.:4..?.P.-.r1.6. .9.-.?PM)

Zr-ROX Pu-239 0.84 0.07 0.77(92) 0.88 0.18 0.70(80)
(15%UO2) total Pu 0,90 0.21 9.:*%?V..._ lA9. 9.-.Z? .9.:7.?.(5?i..
l/3Zr-ROX Pu-239 0.35 0.03 0.32(91) 0.26 0.03 0.23(88)
&2/3UO2 total Pu 0.37 0.06 ? . : 3 . 1 ( M 0 . 4 5 0.08 9.3.7.(8.2)

X / r n Y Pu-239 0.81 0.30 0.51(63) 0.87 0.47 0.40(46)
total Pu 0.86 0.60 9.-26(30} 1.49 1.12 9.-37(25J

1/3 MOX Pu-239 0.27 0.18 0.09(33) 0.29 0.24 0.05(17)
& 2/3UQ2 total Pu 0.29 0.35 -0.06 (-20) 0.50 0.53 -003(-6)

( ) shows the transmutation rate (%) for Pu.
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