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abstract

The Research Reactor Institute, Kyoto University (KURRI) has more

than 200 MTR-type spent fuel elements stored in water pools. The longest

pool residence time is 21 years at present. The integrity of spent fuel

elements have been confirmed by a visual inspection and a sipping test.

The spent fuel elements should be reprocessed in accordance with the

KURRI's policy. KURRI is now negotiating with a reprocessing plant to

make a contract, as considering the consequences in U.S.

INTRODUCTION

The Kyoto University Reactor KUR) has been operated at the maximum thermal power

of MW using high enriched uranium fuel HEU: nrichment of 93%) since 1968. The first

criticality was in 1964 and KUR was operated at MW nominal power using 90% enriched

uranium fuel until 1968. In 1991 two low enriched uranium (LEU) silicidc fuel elements

were fabricated and loaded in the KUR core for a demonstration of core conversion. The full

core conversion of KUR to LEU will start in 2001 because a stocked HEUAill e consumed

by the operation of KUR by 2001.

The KUR spent fuel elements wre returned to the United States under the HEU Lease

Contract from 1968 to 1973. The total number of shipped KUR spent fuel elements were

153. After the termination of the lease contract, the Kyoto University made the HEU spent

fuel reprocessing contract with U.S., which was interrupted at the end of 1988 in accordance

with the start of Environmental Assessment by the U.S. Government. However, KURRI

could not send (or return) the spent fuels to U.S. from 1974 until now, because of, mainly,

unresolved problems revant to a domestic port of shipment. Accordingly, about 230 spent

fuel elements generated by the KUR operation for more than 20 years have been stored in



our water pools. For the present, they keep the integrity under a careful management.

The KURRI's policy for spent fuel is to reprocess our owned spent fuel elements. We are

now negotiating a new reprocessing contractAith the United Kingdom Atomic Energy

Authority (UKAEA) as considering the consequences in U.S..

In this paper, the current status on the management of the KUR spent fuel elements is

described with the results of integrity testing. Also, the some issues to b resolved in the

negotiation with UKAEA are presented.

KUR FUEL ELEMENT

The KUR fuel lement is typical MTR-type. Three kinds of HEU fuel elements, namely

standard, special and half-loaded elements, and one kind of LEU fuel element are used in the

KUR core. Figure shows an HEU standard fuel element, and the specification of each fuel

element is shown in Table 1. All types of the fuel elements are made from aluminum except

the fuel meat of U-Al alloy for HEU or USi,-Al dispersion for LEU.

The standard fuel element is prepared for keeping a reactivity in the KUR core.

Approximately twenty standard fuel elements are normally loaded in the core for the KUR

operation. The half-loaded fuel element is prepared for adjusting a reactivity of the core.

Since the U-235 content of half-loaded element is just half of that of standard fuel element, it

is very useful to adjust the core reactivity. The special fuel element is prepared for a control

rod insertion. The total number of special fuel elements loaded in the core is five.

An irradiated HEU fuel element of maximum 25% bum-up of U-235 for LEU fuel

element, maximum 35% burn-up of U-235) is discharged from the core and nominated as a

spent fuel element. The average burn-up is about 23% for HEU fuel element. Eleven spent

fuel elements in average are generated annually by the KUR operation.

STORAGE OF SPENT FUEL ELEMENT

The KUR spent fuel element is stored in a ater pool with a storage rack. There are to

spent fuel pools, No.1 and No.2, in the KURRI site. Both of the pools are aailable for

storing the HEU and LEU spent fuel elements.

The No.1 pool was constructed inside the KUR building in 1963. It connects with the

reactor tank through a water canal. The pool and canal have stainless steel liners and floors.

The size of No. pool is 38 m in width, 52 m in length and 52 m in depth. Now, four spent



fuel storage racks made from stainless steel are installed in the pool and the maximum storage

capacity of fuel elements is 160. All spent fuel elements are firstly cooled in the No.1 pool

for at least 40 days before transferring to the No.2 pool. The ater is purified by an ion-

exchange system and its electric conductivity is kept around 0.2 'U S/cm. The pH value of

water is about 6.

In order to store many spent fuel elements that shipments had not been done, a new pool

named as No.2 pool was constructed in 1986. The No.2 pool building is separated from the

reactor building in which the No. pool stands. A layout of the building is shown in Fig. 2.

The material of spent fuel pool liner and floor is stainless steel and the size of pool is 3 m in

width, 10 m in length and 7 m in depth effective depth of water is 6 m ). The deionized

water keeps about 63 of pH and 03 p S/cm. of electric conductivity. Ten spent fuel storage

racks which are made from stainless steel and joined each other are installed in the pool and

the maximum storage capacity is 300 fuel elements. As mentioned above, only a spent fuel

element cooled for more than 40 days in the No.1 pool is permitted to be stored in the No.2

pool. This restriction is provided to prevent a melt down accident of MTR type spent fuel

element in case of severe leakage of pool water.

As of August 1995, we have 232 spent fuel elements and all of them are stored in the No.2

pool. Number of spent fuel elements versus pool residence time is shown in Fig. 3 The

longest pool residence time is 21 years. The appearance of each fuel element is good and no

visible corrosion or chemical change on the surface has been observed by a visual inspection.

MEASUREMENT OF RADIOACTIVE MATERIALS RELEASED FROM SPENT

FUEL ELEMENT AND THE RESULTS

In addition to the visual inspection, to confirm the integrity of cladding of a spent fuel

element stored in water for a long time, we have measured a radioactivity of material

released from the KUR spent fuel element.

1) Cumulative Radioactivity in Ion-Exchange Resin

To purify the No.2 pool water, an ion-exchange system and a filtration system are

equipped. The resin used in the dernineralizer is a mixed type of anion and cation resins, 215

and 85 liters in volume, respectively. The water flow through the dernineralizer is downward

with a flow rate of about 23 rn'/h.

As one of the measured examples, the radioactive nuclides accumulated in the resin are



listed in Table 2 In this case, the resin was used for 13 months, and each radioactivity was

measured with gamma-ray spectrometry. Table 2 shows that almost radioactive nuclides are

accumulated mainly in the resin of the upper part of the demineralizer. The main radioactive

nuclides accumulated are Cs-137, one of the long-lived T1,12 �__ 30.1 y and water-soluble

fission products, and Co-60 (T,/2 � 527 y ) produced by the neutron capture of Co-59

contained in aluminum. The total radioactivity accumulated in the resin in a period of 13

months is very roughly estimated 2 MBq for Cs-137 and 04 MBq for Co-60. These values

are negligibly small as compared with about PBq of the total radioactivity of Cs-137 stored

in the No.2 pool. As considering this fact, generally w may conclude that the integrit of

cladding of fuel element has been kept up to noA,.

2) Radioactivity measured by Sipping Test

In order to measure the radioactivity of released materials for individual spent fuel

elements, a sipping test has been performed. A schematic diagram of the shipping test is

shown in Fig. 4 A spent fuel element is held in a sipping box hich is set in the pool. The

pool water is circulated by making use of a small pump through the box and a column of

ion-exchange resin. The radioactivity of the sampled resin is measured with a Ge ()

gamma-ray detector. The nuclides of Cs-137 and Co-60 are only measured because these are

mainly accumulated in the resin as mentioned above.

The recent sipping test was carried out between 1993 and 1994. The total number of tested

spent fuel elements was 91 that details were 62 standard and 29 special fuel elements. The

pool water was circulated continuously during 24 hours and the total flow passed through about

100 g of resin was 130 liters. The acquisition time of gamma-rav measurements required 6

hours to obtain the data with the statistical errors of several percent.

The results of the sipping test are shown in Figs. and 6 Figure shows (a) Cs- 137 and

(b) Co-60 radioactivities containing in I g of resin as a function of pool residence time of the

spent fuel elements. These radioactivities ere at the reactor discharged time, Which ere

corrected for respective half- lives. In Fig. 5(b), the Co-60 radioactivity increases obviously

with the pool residence time. The Cs-137 radioactivity shown in Fig. 5(a) is also increasing

with the pool resident time but not so strong as comparing with the Co-60. Further, it is

observed that the distribution width of radioactivity for Cs-137 is larger than that for Co-60.

Figure 6 shows the correlation between the Cs-137 and Co-60 radioactivides containing in I g

of resin. A remarkably strong correlation is observed.

From these results, it is suggested that (i) Cs-137 may not be released from the fuel meat



because of very low radioactivity which is roughly qual to and in proportion to the Co-60

radioactivity, and that (ii) the aluminum surface of older fuel element is more soluble in

water than that of younger one.

ISSUES ON SPENT FUEL REPROCESSING OUTSIDE U.S.

At present, KURRI has 232 HEU spent fuel elements. The origin country of all of these

fuels is U.S. and they have had to be shipped to U.S. for reprocessing. In 1988 the U.S.

Government started the review of environmental impacts for chemical reprocessing of spent

fuels, and the reprocessing contract with U.S. was interrupted until the end of the review.

KURRI has not yet made the modified contract with U.S. by now, but the KUR spent fuels

should be reprocessed in accordance with the reactor operation license issued by the Japanese

Government. Then, in 1994, we began to negotiate with the Dounreay plant of UKAEA for

reprocessing our spent fuel elements.

In the negotiation, we have two big problems to be resolved, that is, (1) the treatment of

recovered uranium whose enrichment is still about 87% and 2 the delivery of high level

radioactive residues. The first problem is much orried by U.S. because of a capability of

transferring the recovered uranium to nuclear weapons. Since KURRI requires to use LEU

as a fuel of the enrichment-reduced KUR after 201, we have proposed a blending-down of

recovered uranium with natural or depleted uranium just after recovering. From a standpoint

of safeguards, we agree to accept a full scope inspection for the uranium concerned.

The second problem has not been resolved yet. According to the draft contract, the high

level radioactive residues should be shipped outside of U.K. within 25 years after

vitrification. To resolve this issue, it may be necessary to consider the origin country of the

spent fuel.

CONCLUDING REMARKS

After 1974, KURRI has not shipped the KUR spent fuel elements to reprocess because

of a problem of domestic port of shipment and of no reprocessing contract after 1988. KURRI

has 232 HEU spent fuel elements by now and they have been stored safely in water pools

under a careful management.

To confirm the integrity of the spent fuel elements, a measurement of radioactivity of the

pool water and a sipping test were perfonned. As the results, a strong correlation between



the radioactivities of Cs-137 and Co-60 was observed, but each radioactivity was very low as

compared with the total radioactivity of stored spent fuels. It is suggested that Cs-137 may

not be released from the fuel meat, and that the surface of older fuel element is more soluble

in water than that of younger one. The result of measurements means that the aluminum

surface condition of spent fuel element grows worse gradually with the pool residence time.

KURRI wants to reprocess our spent fuel elements in near future bfore the cladding

integrity would break. We are now negotiating for a spent fuel reprocessing contract with

UKAEA, as considering the consequences of U.S. Although there are some problems in the

draft contract, these issues, especially the delivery of high evel radioactive residues, could be

resolved in cooperation with the relevant countries. Further, we have to consider the

reprocessing of LEU spent fuel after core conversion. Because of no actual idea for LEU

reprocessing at present, a discussion concerning technical and economical issues for LEU

reprocessing should be begun in the RERTR program.

The authors would like to thank Messrs. Toshirnitsu Sagane, Kaoru Minami and Yukihiro

Nakano of KURRI for their steady cooperation for the measurement of radioactivity of the pool

water.



Table 1. SPECIFICATIONS OF KUR FUEL ELEMENTS

HEU LEU

standard half-loadcd special standard

Type MTR MTR

Enrichment 93.15 ±0.15 19.75 ±0.20

Fuel Plate

Size (mm) 70.7 X 625.5 1. 5 2 70.7 625.5 X 152

Meat thickness (mm) 0.5 0.5

Clad thickness (mm) 0.51±0.08 0.5 ± 0.08

U-235 Content (g) 10.0 ±0.3 11.83 40.36

U density /cc) 0.64 3.2

Fuel Element

Size (mm) 75.4 79.2 873 75.4 79.2 953 75.4 X 79.2 X 913

Water gap (mm) 2.81 2.81

No. of Fuel Plates 18 9 18

U-235 Content (g) 180 ±3.6 90±1.8 212.94± 426

Material

Meat U-Al alloy U3Si,-Al

Cladding Al Al

Structural Part Al Al

Max. Burn-up 25 35



Table 2 RADIOACTIVE NUCLIDES AND THEIR ACTIVITIES ACCUMULATED

IN THE RESIN OF ION-EXCHANGE COLUMN OF THE POOL NO. 2

( Radioactivity Bq per g of resin 

Mn-54 Co-60 Zn-65 Cs- 134 Cs-137

Upper Part 0.09 4.20 0.14 0.11 22.3

Middle Part L 0,013 L L 0.004

Bottom Part L 0.003 L L L

L: Lower than detection limit
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