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ABSTRACT

The remote handling technique has been developed and demonstrated by Fuel Monitoring Facility (FMF)

operated by Japan Nuclear Cycle Development Institute (JNC). In particular, the reassembling of irradiated fuels

has been successfully performed, and reassembled irradiation vehicles were reinserted to Japanese experimental

fast reactor "JOYO".

1. INTRODUCTION

The Fuel Monitoring Facility (FMF) is located adjacent to the experimental fast reactor "JOYO", at Oarai

Engineering Center of Japan Nuclear Cycle Development Institute.

At FMF, approximately 200 assemblies have already been disassembled and examined, and obtained results

have been fed to the analysis and evaluation of fuel performance. In addition to these once-through examinations,

the interim examinations and the reinsertion for continuous irradiation have been conducted to develop high

bumup fuel and/or high neutron dose material. The continuous irradiation gives more flexibility for the

irradiation experiments.

Since the FMF was originally designed to make the reinsertion possible, there is a path to send the. assembly

back to the reactor. The main items developed for the reinsertion of assemblies were as follows; (l)Irradiation

vehicle, (2)Disassembling and interim examination, (3)Decontamination of fuel pin or structural materials

encapsulated, (4)Reassembling machine.

Figure 1 shows the materials flow of the reinsertion.

After the irradiation in "JOYO", the irradiation vehicle is transferred to the examination cell of FMF by the

underground cask car without removing the remained sodium.

In the examination cell, the sodium removal, disassembling the irradiation vehicle and the interim

examinations of fuel pins or encapsulated structural materials are conducted.

Then, fuel pins or capsules are transferred to the decontamination cell and decontaminated their surface.

After the decontamination, they are transferred to the clean cell and reassembled into the irradiation vehicle

respectively. The irradiation vehicle is sent back to the reactor by the cask car again.

This paper describes following four items; (A)Irradiation vehicle, (B)Disassembling and interim examination,

(C)Decontamination of fuel pin or capsule, (D)Reassembling machine, which are necessary for the reinsertion.
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2. IRRADIATION VEHICLE

For the reassembling and reinsertion, it was necessary to develop the irradiation vehicle which was easy to

disassemble and reassemble by remote handling without giving any damage to the fuel pin or the specimen

capsule.

The irradiation vehicle was developed and the modification in the structure of the vehicle was conducted

through the mock-up test of disassembling and reassembling.

Figure 2 shows the structure of the irradiation vehicle. It has same outside configuration as "JOYO" driver fuel

assembly. That is; the vehicle is hexagonally shaped, 81.2mm across the outside pad faces and 2,970mm long.

At above and below the pads, the face to face distance is 78.5mm. The vehicle contains 6 compartment tubes.

Each compartment tube is fixed to the vehicle by being attached to the handling head and locked with the

locking-nut.

In each compartment tube, 5 fuel pins are tied to the tie rod and a temperature monitor block is also attached to

a tie rod Thus the vehicle has the capability to irradiate 30 fuel pins simultaneously. Either wire-spaced or

grid-spaced fuel pin can be loaded into each tube. Either fuel pin is 1,750mm long and outer diameter is 6.5mm.

And wire-spaced fuel pin is wrapped with the wire on 172mm pitch.

In addition, materials irradiation vehicles were developed to obtain irradiation data on various structural

materials; core and absorber materials. These vehicles have also same outside configuration as "JOYO" driver fuel

assembly and contain 6 compartment tubes. Instead of fuel pins, any mini-size specimen or absorber materials

encapsulated are installed in compartment tubes respectively.

Simultaneously, various fuel pin or structural materials can be installed in a same irradiation vehicle

respectively. In addition, the coolant flow rate in each compartment can be controlled separately. Therefore

systematic irradiation test can be conducted by the irradiation vehicle.

3. DISASSEMBLING AND INTERIM EXAMINATIONS

The disassembling is conducted in the examination cell of FMF after the sodium removal. The interim

examinations of fuel pins or capsules are also conducted in the examination cell. In case of fuel pins, main test

items are weighing, visual inspection, laser profilometry and j -scanning. The purpose of these interim

examinations are to confirm that fuel pins or capsules are intact and that the criteria for the reinsertion is

satisfied.

In case of structural materials encapsulated, capsules are transferred to the Materials Monitoring

Facility(MMF) at the Oarai Engineering Center by a container And detail interim examinations and reassembling

of capsules are conducted there. Therefore, interim examinations of fuel pins are mainly described here.

3.1 DISASSEMBLING

Disassembling is conducted with the use of existing disassembling machine. The irradiation vehicle was

designed to be disassembled without duct sectioning.

The disassembling is conducted by unscrewing the locking-nut inside the handling head with a tool. The

master slave manipulators are used to take off the handling head by rotating the handle of the tool. After that,

the compartment tubes are pulled out from the duct.

The compartment tube is disassembled by unscrewing the cap(Figure 3). And the fuel pin bundle or capsules

are pulled out from the compartment tube. After that, each fuel pin is taken off from the tie rod(Figure 3).

Capsules are also pulled out from the compartment tube.
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Disassembling processes are performed without any trouble. In addition, this procedure made possible to

disassemble without giving any damage on fuel pins or specimens.

3.2 INTERIM EXAMINATIONS

A. LASER PROFILOMETRY

Pin profilometry is important technique for evaluating the irradiation performance of fuel pins.

In case of reinsertion program, the removal of the wrapping wire is not acceptable, because it is required

that the disassembled fuel pins are reassembled after interim examination as they were Therefore non

contact type measuring system is important to be developed in order not to remove the wrapping wire. Laser

system was introduced instead of conventional contact type measuring system.

Figure 4 shows the schematic diagram of the pin profilometry system. The profilometry system consists

of the scanning device in the examination cell and the control system in the operation area. He-Ne gas

laser(6,330 A-wave length, lmW-power) system is used for the measuring device and it is surrounded by

5cm thick lead block as radiation shielding material. Owing to this shielding material, the life of this

apparatus becomes 30 times longer than it was. The disassembled fuel pins are measured with the laser

profilometry system as shown in Figure 5. The example of axial distribution of pin diameter measured by

this system are shown in Figure 6.

In this examination, length and diameter changes in the fuel pins, the changes of the wrapping wire pitch

and fuel pin bowing are investigated.

Accuracy in measurement are less than ± 0.5mm for length, less than ± 3 ym for diameter and less than

± 0.5mm for the bowing.

B. r -SCANNING

7 -scanning is a non-destructive technique for determining the distribution of radioactive nuclides, such as

fission products and activated fuel. A spent fuel emits 7 -ray and it gives a lot of information on the

irradiated behavior of the fuel in a reactor.

In addition to the technique for determining the axial distribution of radioactive nuclides, the computer

tomography technique of a fuel pin were developed at FMF. It can be used as a reference information,

especially in case of the interim examination of irradiated fuel pins for reinsertion. The programing and

calculating technique used here, is based on a technique developed at Los Alamos National Laboratory, called

MART (multiplicative algebraic reconstruction technique). The program for the emission tomography was

developed by several improvement of MART.

Figure 7 shows the schematic diagram of the 7 -scanning system. The 7 -scanning system used in the

measurements for a fuel pin consists of four components; (a) a scanning mechanism for the precise

positioning of an irradiated fuel pin, (b) a collimator for the precise definition of the volume segment from

which the 7 -ray spectra are collected, (c) a high-resolution detector assembly, (d) an automated data

acquisition unit. The individual movement; X, Y, Z, are positioned with a precision of 0.01mm and the

motion of rotation is set with a precision of 0.01 ° . Collimation of the 7-ray beam is required to obtain

the necessary 7 -ray intensity per unit area. The width of collimator slit can be enlarged up to 1.2mm

continuously. The detector assembly consists of Ge detector that the resolution is 2.0keV (FWHM) and

MCA (multi channel analyzer) with 4096 channels. The data acquisition unit is automatically operated to
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control the scanning mechanisms as well as to collect and analyze 7 -ray spectra.

Three types of investigation were performed to the fuel pins; (a) the determination of the axial

distribution of radioactive nuclides, (b) the computer tomography, (c) the detection of Xe-133 at the pin

plenum. There are some falls correspond to pellet gaps in the axial distribution profile of radioactive

nuclides.

From the diametral scan and the projection at six angular orientations, 7 -ray emission tomographs are

obtained Figure 8 shows the reconstruction of Zr-95 and Cs-137. The existence of small central hole in the

fuel pellet is observed from the distribution of non-volatile nuclides, Zr-95. And the volatile Cs migration

into the pellet-cladding gap is observed by the distribution of Cs-137. Instead of puncturing test, the

spectrum of Xe-133 is measured at the plenum in the fuel pins. Detection of Xe-133 at the plenum part

confirms no leakage from the fuel pins.

C. OTHER EXAMINATIONS

Visual inspection, X-ray radiography and weighing were performed to the fuel pins in addition to laser

profilometry and 7 -scanning. The integrity of the fuel pins are confirmed by means of non-destructive

examinations. In addition, destructive examination is usually performed to one fuel pin.

All the results are strictly examined in comparison with the criteria for the reinsertion of fuel pins.

4. DECONTAMINATION of FUEL PIN SURFACE

Before sending pins to a work station where the reassembling machine is located, the surface of all fuel pins

should be decontaminated Because the examination cell has been contaminated by radioactive materials produced

from sectioning of fuel pins. When the decontamination of fuel pin surface was conducted, it is required not to

give any damage on fuel pin surface and a wrapping wire.

The decontamination is performed with the use of felt ring. The process of the decontamination is as shown in

Figure 9. All fuel pins are decontaminated at the level of less than 50,000dpm/pin ( a contamination) in order to

satisfy the criteria of the decontamination.

5. REASSEMBLING MACHINE

It is required for the reinsertion to the fuel pins without any damage. The reassembling machine (Figure 10)

was developed and installed in clean cell.

Since destructive examination is usually performed to one fuel pin, the 29 disassembled fuel pins and one fresh

pin are reassembled into a new irradiation vehicle.

The bundle which consists of 5 fuel pins attached to a tie rod, is inserted to a compartment tube as shown in

Figure 11. Then the compartment tube is capped After capping 6 compartment tubes, they are inserted to the

duct as shown in Figure 12. Then a handling head is attached at the top of the duct and a locking-nut is screwed

There is a pin by which the locking-nut won't rotate during the irradiation. The reassembling is finished after the

confirmation that the pin is pushed up as shown in Figure 13.

Up to now, 4 vehicles were successfully reassembled and 83 test fuel pins were reloaded to the reactor

"JOYO". Though current regulation limits of irradiation for JOYO driver fuel pin is 75GWd/t, owing to the

continuous irradiation, the achieved burnup and neutron dose are approximately 120GWd/t and 1.7X 1027 n/m2

(E>0.1MeV), respectively. In addition, 5 structural material vehicles were also successfully reloaded.
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6. FUTURE DIRECTIONS

Reassembling technique for continuous irradiation will give more flexibility for the specific irradiation

experiments and contribute to obtain various information on irradiated fuel behavior at high bumup an^or high

neutron dose level.

Besides the existing irradiation vehicles, advanced irradiation vehicles are being developed to enable irradiation

tests in specific condition; precise irradiation temperature control, run to cladding breach, etc. Consequently,

some minor modification will be made through the mockup testing of the equipments in order to handle those

new type vehicles too.

In addition, the FMF has introduced X-ray computer tomography into its extension building. X-ray CT test

will give the tomograms and scanograms of assembly and fuel pins. Thereby, it is able to inspect inner state of

assembly and fuel pins, non-destructively. Those test equipments will be put into hot operation soon and produce

various information on irradiated fuel behavior.

7. CONCLUSION

The FMF has demonstrated its capability in the remote handling technique for reassembling of irradiation

vehicles.

The reassembling technique for continuous irradiation test has contributed to increase achieved bumup and/or

neutron dose.

Up to now, 4 vehicles were successfully reassembled and 83 test fuel pins were reloades to the reactor

"JOYO". The achieved burnup and neutron dose are approximately 120GWd/t and 1.7 X1027 n/cm2 (E>0.1MeV),

respectively. In addition, 5 structural material vehicles were also successfully reloaded.

The FMF has introduced X-ray computer tomography into its extension building. The X-ray CT tomograms

and scanograms of assembly and fuel pins are especially expected to inspect inner state of assembly and fuel pins,

non-destructively.
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Figure 1 Materials Flow of Reinsertion
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Figure 2 Irradiation Vehicle
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Figure 3 Disassembling of Compartment Tube



Figure 4 Schematic Diagram of Pin Profilometry System

Figure 5 Laser Pin Profilometry
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Figure 7 Schematic Diagram of 7 -scanning System

Figure 8 7 -ray Emission Tomographs of Radioactive



Figure 9 Procedure of Decontamination



Figure 10 Reassembling Machine
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Figure 11 Bundle Insertion

Figure 12 Inserted Compartment Tubes
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Figure 13 Pin Pushing-up


