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Abstract.Tokai Power Station (GCR, 166 MWe) started its commercial operation on July 1966 and
ceased activities at the end of March 1998 after 32 years of operation. The decommissioning plans are being
developed, to prepare for near future dismantling. In the study, the methods for removal of the graphite blocks of
about 1,600 ton have been developed to carrying out it safely and in a short period of time, and the methods of
treatment of graphite have also been developed. @Technological items have been identified for which R&D
work will be required for removal from the core and treatment for disposal.

(1) In order to reduce the programme required for the dismantling of reactor internals, an efficient method
for removal of the graphite blocks is necessary. For this purpose the design of a dismantling machine has been
investigated which can extract several blocks at a time. The conceptual design has being developed and the
model has been manufactured and tested in a mock-up facility.

(2) In order to reduce disposal costs, it will be necessary to segment the graphite blocks, maximising the
packing density available in the disposal containers. Some of the graphite blocks will be cut into pieces
longitudinally by a remote machine. Relevant technical matters have been identified, such as graphite cutting
methods, the nature of fine particles arising from the cutting operation, the treatment of fine particles for disposal,
and the method of mortar filling inside the waste container.

1. INTRODUCTION

The Tokai Power Station (GCR, 166MWe) began commercial operation in July 1966
and ceased its 32 years of commercial operation at the end of March 1998. Decommissioning
plans are currently being developed to prepare for dismantling in the near future. The handling
and disposal of graphite are being studied in order to perform the entire decommissioning
with lower cost. This study investigated a method for removing approximately 1,600 tons of
graphite blocks from the reactor core and treating them safely within a short period of time.
Technical items were identified for which R&D work would be required. The results and
efforts put into this study are described below.

2. Overview of the Graphite Blocks at Tokai Power Station

The Tokai Power Station, having been in operation for 32 years and generating a steady
output since its inception of operation without any serious trouble except for some small
problems at the beginning, ceased its activities for economical reasons. The core graphite has
become highly radioactive due by long-term neutron irradiation. An overview of the core
graphite is shown in Figure 1 and Figure 2. The core and reflector comprise 30,000 blocks in
10 layers. Each block is a hexagonal column with a face-to-face distance of approximately
240 mm, length of approximately 850 mm, an axial bore diameter of 90-150 mm, and weight
of 50-70 kgs per piece.
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Fig. 1. Overview of core graphite in tokai-1 reactor.
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Fig. 2. Overview of specification of graphite blocks.

3. PURPOSE OF THIS STUDY

Investigation continues for the rational execution of the entire decommissioning process
from the following 2 points of view. (1) The procedure for removing graphite blocks from the
reactor occupies a major portion of the work in dismantling the reactor. Removing the
graphite blocks in a shorter time period will contribute largely to reducing the entire
dismantling cost. (2) The blocks are supposed ultimately to be disposed underground or



incinerated. Especially in the case of underground disposal, storage of the blocks in disposal
containers in higher density will contribute largely to reducing the disposal cost.

For these reasons, the handling of graphite either for dismantling work or for waste
disposal is very important in decommissioning a GCR. In this study, several cases were
investigated to determine methods that make larger overall cost reduction possible.

4. CONTENTS OF THE STUDY

(1) Rationalization of Work to Remove the Graphite Blocks

Japan's basic policy for decommissioning reactors is, after safety preservation for 5 to
10 years, to dismantle the entire reactor and restore the site to a Green Field.
Decommissioning of the Tokai Power station will abide by this basic policy and is planned as
follows, after operation of the reactor is ceased and fuel elements in the core are removed, the
station shall be preserved for safety for 5 to 10 years, and then dismantling shall begin.
However, after a cooling down period of this extent, the dose rate in the reactor will still be as
high as several tens to hundreds of mSv/h, and can hardly be dismantled manually. Therefore,
use of a remote-operated dismantling machine is planned for dismantling the nuclear reactor
pressure vessel and internal reactor structures. Figure 3 shows the planned remote-operated
dismantling machine and the core dismantling procedure. Figure 4 shows examples of
procedures that were investigated for dismantling the reactor core. For dismantling of the
entire nuclear reactor, removal of the graphite blocks is an important critical step. To reduce
the time required for dismantling the internal reactor structures, removal of the graphite
blocks in a short time period is necessary. Although the remote-operated dismantling machine
now being planned shall be used for this purpose, it will be more effective to remove several
blocks simultaneously. Figure 5 shows how the dismantling period can be reduced by
increasing the number of blocks removed at a time to 3 pieces and to 7 pieces. For this
purpose, design of a dismantling machine was investigated which could remove several
blocks simultaneously, and the function required for the block grasping mechanism was
analyzed.

To remove several blocks simultaneously, improvements were required in the block
grasping mechanism, which was to be installed at the top of the remote-operated dismantling
machine. At present, we assume that removal of the blocks shall be performed by means of
the following machine and procedure.

• Block grasping mechanism:
Claws of the grasping mechanism shall be expanded into the inside of the center hole in
the block which was bored for fuel charging.

• Procedure for removing blocks:
Care must be taken so that block layers remaining in the core shall not collapse during
the work. Therefore, the blocks, which are stacked in 10 layers, shall be removed layer
by layer.

The conceptual design has been developed abiding by these conditions. A conceptual
design of the grasping tool at the top of the machine, which can remove 7 blocks
simultaneously, is shown in Figure 6. Based upon this concept, a prototype machine was



manufactured and block removal test was performed on a mock-up unit. Major problems, for
which verification was determined to be necessary, are listed.

Although some contrivances were needed, we achieved good test results, which proved
that several blocks could certainly be removed simultaneously. The study is now continuing
for further improvement, targeting the design and manufacture of an actual remote-controlled
dismantling machine.

Remote dismantling machine

Fig. 3. Planned remote dismantling machine.
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Fig. 4. Examples of procedures for dismantling reactor core.

Remove 1 Block at a
Time

Remove 3 Blocks at
a Time

Remove 7 Blocks at
a Time

0 10 20 30 40 50 60 70 80

Fig. 5. Reduced dismantling period by removing 7 bricks at a time.

(2) High Density Graphite Padding

The treatment and disposal of blocks removed from a nuclear reactor are currently being
studied, with consideration of both possibilities, underground disposal and incineration. The
treatment and disposal flows for graphite waste based upon these principles are shown in
Figure 7. The actual work of removing and treating the graphite blocks will be undertaken
after a safety preservation period of approximately 10 years, during which time it is hoped that
the necessary technical standards will have been prepared and disposal facilities will have
been constructed. The following investigation assumes that the graphite waste shall be



disposed of underground. The assessed results of radioactivity of graphite wastes up to the
present show that almost all the graphite blocks in the Tokai core were determined to have
levels of radioactivity above the allowable upper limit for existing repository. These blocks
will be disposed of in a deep repository to be newly constructed. It is estimated in Japan that
site purchase costs for underground disposal will rise sharply and that technical standards
regarding the underground disposal of radioactive waste will become more severe in the
future, all of which will bring the underground disposal cost per unit volume to a considerably
higher level. Therefore, the percentage that the underground disposal cost occupies in the
overall decommissioning costs becomes important. In other words, additional costs for
treatment within the site will be justified as rational as long as they reduce the volume of the
graphite waste.
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Fig. 6. Conceptual design of 7 blocks grasping machine.

Figure 8 shows the result of a trial calculation of the typical dismantled waste disposal
cost. The calculation in this figure was performed based on the assumption that graphite waste
would be stored in waste disposal containers with a packing factor of 35%. The graphite waste
disposal cost occupies approximately 60% of the entire dismantled waste disposal costs. The
relation between the packing factor of the graphite waste and the disposal cost is shown in
Figure 9. To effectively reduce the dismantled waste disposal costs, it is important to reduce
the volume of the graphite waste as well as to improve the packing factor.
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Fig. 7. Treatment and disposal flow for graphite waste.
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Fig. 8. Result of cost study example for graphite.

Based upon the above concept, investigation was made along the principle that the
graphite waste removed from the core should be stored as densely as possible in disposal
containers. As a means to improve the packing factor in disposal containers, it was decided to
chop up some of the graphite blocks removed from the reactor using the remote-operated
machine and to fill them into the axial bore in other graphite blocks. The packing factor was
estimated to increase from approximately 35% to about 70% by cutting approximately one-
sixth of the removed graphite blocks by band saw or by crushing them. A conceptual design of
the disposal container for high-density storage is shown in Figure 10. Realization of this
concept will bring about a cost reduction of approximately 30% to the initial estimate of the
entire dismantled disposal cost.
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Fig. 10. Conceptual design of high-density storage of graphite.



At present, detailed design of the remote-operated graphite handling unit is performed
according to the policy that such treatment for high density packing as above shall be
performed within the site. Relevant technical problems were identified as: (1) the graphite
cutting method, (2) the nature of the fine particles generated by the cutting operation, (3)
treatment of the fine particles for underground disposal, (4) mortar sealing of the disposal
material, etc

5. CONCLUSION

The graphite blocks in the Tokai Power Station, a GCR, number as many as 30,000
pieces and constitute a critical step in the reactor dismantling procedure. Shortening the
dismantling work time contributes to reduction of the entire decommissioning cost. As such a
measure, the simultaneous removal of approximately 7 blocks per operation of the remote-
operated dismantling machine was proven to be effective.

On the other hand, the ultimate disposal method of the graphite waste, underground
disposal or incineration, has not yet been decided. It is hoped that by the start of the actual
dismantling, approval will have been given for the underground disposal site. Assuming
realization of underground disposal, the radioactivity of the graphite waste is above the
allowable level for disposal in the shallow stratum, as is the practice today. To reduce the
waste disposal cost, considerable reduction of the disposal volume, i.e. improvement of the
packing factor in the disposal container is required. The disposal volume can be reduced by
1/2 by cutting the waste with a band saw or by crushing it, and this is estimated to reduce
costs for the underground disposal to approximately 60% in total.
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