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Decommissioning of the first nuclear ship Mutsu
Mamoru ADACH! and Kozo WA TABE

page 2~12, 14 Figures, 4 Table

J. RANDEC, No.1

3 (November

The Mutsu is the first nuclear ship in Japan. This paper
describes the review about the decommissioning activities
of the Mutsu

Unloading of the spent fuels from the core finished in No-
vember 1993. Removing of the components in the reactor
auxiliary room finished in November 1994 . Dredging and
digging in the home port finished in October 1994.

The Mutsu was taken on board of semi-submergible
barge on May 10, 1995 . Immediately the cutting of the
Mutsu into three parts was begun. On June 22, the reac-
tor room was lifted out of the center of the ship with floating
crane and the reactor room was placed in the storage build-
ing under construction.

The reactor containment, wilh the pressure vessel and
the steam generators inside, will be sealed in concrete and
placed under strict management in the storage building.

Development of Decontamination and Volume Reduction
Technologies for Radioactive Concrete

—Basic Experiments on Electrochemical Decontamination and
Volume Reduction by Separating Aggregate (Part 1 )—
Junichirou SUGIMOTQO, Ayuri SHODA
and Yoshirou YO ?H/ZAK/

November 198

J. RANDEC, No.13 [N

Two different experiments have been conducted related
to nuclear facilities decommissioning technology, espe
cially decontamination and volume reduction of radioactive
concrete.

One aimed at adopting an elcectrochemical technigue for
decontaminating the surfaces of concrete contaminated
with radioactivity. The effects of the passage of electric cur-
rent on the acceleration of elution \:vere verified using con-
crete mixed with cesium. As a result, the amount of elution
increased as compared with the control without the pas-
sage of electric current. However, many challenges remain
unsolved.

Another attempt was also made to validate the system for
separating radioactive concrela constituents now under de-
velopment at KEMA in the Netherlands, with the objective
of radioactive concrete volume reduction. Consequently, it
was made clear that aggregate could be satisfactorily sepa-
rated by holding them at high temperature for a relatively
short time. This report also outlines the radioactive con-
crete separating system proposed by KEMA

Research and Development Activities for Radioactive Wastes
Treatment

—Developing Technologies of Kawasaki Heavy Industries,
Ltd.—

Junichi ADACH!I, Tamotsu OZAWA, Yoshikazu IKEMOTO,
Sw/ch//o YA/\/IAZAK/ and Ryogo MINAM]
J. RANDEC, No.13 (November 1895), page 41~51, 12 Figures

s, 0 Table

Kawasaki Heavy Industries, Ltd. has been performing the
research and development activities for radioactive wastes
treatment in parallel with the design and fabrication of the
nuclear facilities and components since the construction of
the Tokai No . 1 power station of JAPCO. Main technologies
developed by Kawasaki Heavy Industries, Ltd. in the field of
radwaste management are for dismantling and cutting,
compacting and melting, and storage.

This paper describes a summary of the present status and
future plan of the above-mentioned technologies.

Roles of Bentonite in Radioactive Waste Disposal.
Keizo SUZUK/

61, 13 Figures,

J. RANDEC, No.13{!

mber 1995)

Bentonite is used in radioactive waste disposal from the
following points ;
(1 ) properties

(2) now utilization fields
( ) how to use in radiocactive waste disposal
(4) how much consumption and deposits as source at the

present time.
Bentonite is produced as alteration products from pyro-
clastic rocks such as volcanic ash and ryolite, and is clay
composed mainly smectite {montmorillonite in general).

Therefore, special properties of bentonite such as swel-
ling potential, rheological property, bonding ability, cation
exchange capacity and absorption come mainly from prop-
erties of montmorillonite.

Bentonite has numerous uses such as iron ore pelleizing,
civil engineering, green sand molding, cat litter, agricul-
tural chemicals and driliing mud.

Consumption of bentonite is about 600-700 x 10 tons
inJapan and about 10 x 108 tons in the world.

Roles of bentonite to be expected in radioactive waste dis-
posal are hydraulic conductivity, swelling potential, ab-
sorption, mechanical strength, ion difusion capacity and
long-term durability. These properties come from mont-
morillonite.
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Fracture Analysis for Controlled Blasting Demolition of
Reinforced Concrete Structures
Minoru HARADA, Masatoshi ISHIDA
and Kazuto YOKOYAMA
J. RANDEC, No. 13 (November 1995), page 22~29, 10 Figures, 2 Tables

Toward establishing a design method for controlled blast
ing demolition used for the designed dismantling of large
reinforced concrete (RC) structures, this study is intended
to prove the overall suitability and efficiency of this method.

The previous paper (Controlled Blasting for Derolition of
Biological Shield Concrete Wall : Part 2)described an appli-
cation of controlled blasting demolition to an inner part of
the radioactive RC biological shield in the JPDR (Japan
Power Demonstration Reactor). Through this experience,
it was confirmed that the partial demolition of the structure
was carried out safely and rationally using this method.

In order to clarify the characteristics of blasting effect, an
RC cylinder blasting test was performed and the results of
this test were compared with analytical simulation of this
test using the discrete element method (DEM) and the finite
element method (FEM). This paper outlines the test, the
analyses and the comparison.

Stripping Demolition of Concrete by Applying Electric Current
through Reinforcing Bars
Wahei NAKAGAWA and Sadatsune KUMEGA WA

No.13 INovember 1995) 30~40,

J. RANDEC,

9 Figures, 2 Tal

The presence of reinforcing bars in reinforced concrete
structures is an obstruction hindering the smooth progress
of demolition works. The electric heating method is, on
the other hand, a demolition technique of unique concept
since it adopts the bars to help the demolition of reinforced
concrete structures,

This technigue nas the following advantages for demoli-
tion : 1) the more densely a structure is reinforced with
bars, the greater is the effect of the electric heating, 2)
demolition after heating produces little dust, and 3) electric
heating of reinforcing bars causes no damage to the por
tions of concrete not subjected to electric current.

The present paper describes the procedures and results
of a series of experiments we conducted to verify the effi-
ciency of the electric heating method. In this method, a low
-voltage high-current is run through reinforcing bars exist-
ing in a concrete structure, inducing intense heat in the
bars which in its turn brings about cracks in the surrounding
concrete mass, facilitating secondary demolition by hami-
mer picks or other means.

The experiments were performed on full-scale biological
shield wall mock-ups of a BWR and a small nuclear reac-
tor. The experiments revealed that these excellent features
of the electric heating method are worth utilizing in siripping
demolition of radioactivated regions of biological shield
walls in nuclear power plants.

The electric heating method is currently being adopted
and shows effective results in partial demolition works in
diaphragm wall shafts where starting arriving hcles are to
be fixed for shield machines without damaging surrounding
portions.

Development of Chemical Decontamination for Low Level
Radioactive Wastes
Seiqo ICHIKAWA, Kazuo OMATA, Hiroshi OBINATA,
Yoshihiko NAKAJIMA and Osarmu KANAMOR!

13 (November 1935 8 Figures, 2 Tables

page 62~69,

During routine intermittent inspection and maintenance
at nuclear power plants, a considerable quantity of low level
radioactive waste is generated requiring release from the
nuclear site or treating additionally. To decontaminate this
wastle for safe release from the nuclear power plant, the first
step could be washing the waste in Methylene chloride,
CH2Clz, to remove most of the paint coating. However,
CH2Cl2 washing does not completely remove the paint coat-
ing from the waste, which in the next step is shot blasted
with plastic bead media to loose and remove the remaining
paint coating. Following in succession, in the third step,
the waste is washed in a chelate solution, after which most
waste is decontaminated and suitable 1o be released for re-
cyeli ng.

The residual chelate solution may be decomposed into
nontoxic carbon dioxide and water by an electrolysis proc-
ess and then safely discharged into the environment.
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The Mutsu is the first nuclear ship in Japan. This paper describes the review about the decommissioning
activities of the Mutsu.

Unloading of the spent fuels from the core finished in November 1993. Removing of the components in
the reactor auxiliary room finished in November 1994. Dredging and digging in the home port finished in
October 1994.

The Mutsu was taken on board of semi-submergible barge on May 10, 1995. Immediately the cutting of
the Mutsu into three parts was begun. On June 22, the reactor room was lifted out of the center of the ship
with floating crane and the reactor room was placed in the storage building under construction.

The reactor containment, with the pressure vessel and the steam generators inside, will be sealed in
concrete and placed under strict management in the storage building.
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Fig.3.6 Pipe cutting
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Fig.3.9 Nuclear ship Mutsu that taking on board of semi-submergeble barge

Fig.3.10 The situation of nuclear ship
Mutsu cutting three parts
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Fig.3.11 Reactor room lifting from the ship
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Fig.3.14 Dredging of home port

Fig.3.15 Setting of silt protector
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Fig 3.13 The conceptional view of storage building
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o Development of Decontamination and Volume Reduction Technologies for Radioactive Concrete
— Basic Experiments on Electrochemical Decontamination and s

4 Volume Reduction by Separating Aggregate (Part 1) — 3
\: Junichirou Sucmvoro, Ayumi SHopa %
4 and Yoshirou YosHIzAKI 4
4 i 4

B e e e e e e o e e o e 2

Two different experiments have been conducted related to nuclear facilities decommissioning
technology, especially decontamination and volume reduction of radioactive concrete.

One aimed at adopting an elcectrochemical technique for decontaminating the surfaces of concrete
contaminated with radioactivity. The effects of the passage of electric current on the acceleration of
elution were verified using concrete mixed with cesium. As a result, the amount of elution increased as
compared with the control without the passage of electric current. However, many challenges remain
unsolved.

Another attempt was also made to validate the system for separating radioactive concrete constituents
now under development at KEMA in the Netherlands, with the objective of radioactive concrete volume
reduction. Consequently, it was made clear that aggregate could be satisfactorily separated by holding
them at high temperature for a relatively short time. This report also outlines the radioactive concrete
separating system proposed by KEMA.
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Toward establishing a design method for controlled blasting demolition used for the designed
dismantling of large reinforced concrete (RC) structures, this study is intended to prove the overall
suitability and efficiency of this method.

The previous paper (Controlled Blasting for Demolition of Biological Shield Concrete Wall : Part 2)
described an application of controlled blasting demolition to an inner part of the radioactive RC biological
shield in the JPDR (Japan Power Demonstration Reactor). Through this experience, it was confirmed that
the partial demolition of the structure was carried out safely and rationally using this method.

In order to clarify the characteristics of blasting effect, an RC cylinder blasting test was performed and
the results of this test were compared with analytical simulation of this test using the discrete element
method (DEM) and the finite element method (FIEM). This paper outlines the test, the analyses and the
comparison.
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:ﬁ Stripping Demolition of Concrete %
;i by Applying Electric Current through Reinforcing Bars :

1 Wahei Nakacawa and Sadatsune Kumecawa
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The presence of reinforcing bars in reinforced concrete structures is an obstruction hindering the smooth
progress of demolition works. The electric heating method is, on the other hand, a demolition technique
of unique concept since it adopts the bars to help the demolition of reinforced concrete structures.

This technique has the following advantages for demolition: 1) the more densely a structure is
reinforced with bars, the greater is the effect of the electric heating, 2) demolition after heating produces
little dust, and 3) electric heating of reinforcing bars causes no damage to the portions of concrete not
subjected to electric current.

The present paper describes the procedures and results of a series of experiments we conducted to verify
the efficiency of the electric heating method. In this method, a low-voltage high-current is run through
reinforcing bars existing in a concrete structure, inducing intense heat in the bars which in its turn brings
about cracks in the surrounding concrete mass, facilitating secondary demolition by hammer picks or
other means.

The experiments were performed on full-scale biological shield wall mock-ups of a BWR and a small
nuclear reactor. The experiments revealed that these excellent features of the electric heating method
are worth utilizing in stripping demolition of radioactivated regions of biological shield walls in nuclear
power plants.

The electric heating method is currently being adopted and shows effective results in partial demolition
works in diaphragm wall shafts where starting/arriving holes are to be fixed for shield machines without
damaging surrounding portions.
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Fig.1 Heat Distribution Curve Measured in Con-
crete During Electric Heating of Reinforc-
ing Bars. Concrete Shows Less Elevation in
Temperature Compared to Reinforcing
Bars.

Photo 1 Internal Cracks Spanning Heated Rein-
forcing Bars, Observed After Cutting
with a Diamond Saw.
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Photo 2 A Block of Exfoliated Covering Concrete
Removed by Pulling. Concrete Was
Stripped Apart in Flakes at the Row of
Heated Bars.

‘Photo 3 Concrete Surface of Remaining Wall af-
ter Removal of Covering Concrete and
Heated Bars. Bars are Completely Re-
moved as Well.
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Photo 5 Electric Heating Procedure on a Shield
Wall Mock-up. Electrodes Fastened to
the Bar with Thrust-typed Holders
Fitted on the Top End of a Base
Machine.
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Photo 6 Secondary Break-up by a Hydraulic
Hammer on a Shield Wall after Heating.
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Small Nuclear Reactor Shield Wall Mock
~up. Cracks Maximum Width of 11 mm,
Were Developed along Heated Bars
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Wall Surface.
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Fig.5 Electric Heating Procedure for Partial
Demolition in a Diaphragm Wall Shaft.

Reinforcing Bar Cage Arranged in a Dia-
phragm Wall Shaft. The Cage Is Fabri-
cated with Heating Bars and Foamed
Styrene Resin Incorporated in It, and
Then Erected in the Shaft.
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stalled. After Electric Heating of Rein-
forcing Bars, Concrete Is Removed by
Secondary Break-up Work Using a Hy-

draulic Jack.

Photo 11

Part a Reinforced Concrete Wall, De-
molished in Flakes of Size Easy to Re-
move.
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Photo 12 Concrete Surface of Remaining Wall
After Removal of Covering Concrete
of a Thick Reinforcing Wall.

Photo 13 Executed Opening Work, Using Electric
Heating and Chemical Expansion
Agent
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Shield Wall Using Electric Heating Method.
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Kawasaki Heavy Industries, Ltd. has been performing the research and development activities for
radioactive wastes treatment in parallel with the design and fabrication of the nuclear facilities and

components since the construction of the Tokai No.l power station of JAPCO.

Main technologies

developed by Kawasaki Heavy Industries, Ltd. in the field of radwaste management are for dismantling

and cutting, compacting and melting, and storage.

This paper describes a summary of the present status and future plan of the above-mentioned

technologies.
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Fig.4 Principle of plasma arc cutting
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Keizo Suzuki

Bentonite is used in radioactive waste disposal from the following points;

1) properties
2) now utilization fields

(
(
(3
(

)
)
) how to use in radioactive waste disposal
)

4) how much consumption and deposits as source at the present time.

Bentonite is produced as alteration products from pyroclastic rocks such as volcanic ash and ryolite, and

is clay composed mainly smectite (montmorillonite in general).

Therefore, special properties of bentonite such as swelling potential, rheological property, bonding abil-

ity, cation exchange capacity and absorption come mainly from propertics of montmorillonite.
Bentonite has numerous uses such as iron ore pelleizing, civil engineering, green sand molding, cat litter,

agricultural chemicals and drilling mud.

Consumption of bentonite is about 600-700 X 10° tons in Japan and about 10 X 10° tons in the world.
Roles of bentonite to be expected in radioactive waste disposal are hydraulic conductivity, swelling po-
tential, absorption, mechanical strength, ion difusion capacity and long-term durability. These properties

come from montmorillonite.
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Fig.9 A SEM Photograph of compacted bentonite
/sand mixture (bentonite : 109%)

Fig.9 B SEM Photograph of compacted bentonite
/sand mixture (bentonite : 209%)
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During routine intermittent inspection and maintenance at nuclear power plants, a considerable quantity
of low level radioactive waste is generated requiring release from the nuclear site or treating additionally.
To decontaminate this waste for safe release from the nuclear power plant, the first step could be washing
the waste in Methylene chloride, CH:Clz, to remove most of the paint coating. However, CH.Cl, washing
does not completely remove the paint coating from the waste, which in the next step is shot blasted with
plastic bead media to loose and remove the remaining paint coating. Following in succession, in the third
step, the waste is washed in a chelate solution, after which most waste is decontaminated and suitable to
be released for recycling.

The residual chelate solution may be decomposed into nontoxic carbon dioxide and water by an
electrolysis process and then safely discharged into the environment.
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Table 2 Decontamination result in atomic power
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RANDEC’s Capability

Research Association for Nuclear Facility
Decommissioning (RANDEC) plays a key
role in establishing overall technology for

decommissioning nuclear facilities.

The capability and service of RANDEC are to;

Implement decommissioning research,
development and investigation.

<

Provide technical information on decommissioning.

4

Train for decommissioning.

\ g

Inform and enlighten the public
about decommissioning.
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