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Storage of Solid Waste and Dismantled Waste Dur-
ing Decommissioning of Musashi Reactor

Takafumi UCHIYAMA and Ishi MITSUHASHI
J. RANDEC, No. 62 (Sep. 2020), page 2~8, 2 Fig-
ures, 1 Table.

Tokyo City University Atomic Energy Research
Laboratory was established in Ozenji, Asao-ku, Ka-
wasaki-City in 1960. Since the TRIGA-II type re-
search reactor (Musashi reactor) reached the first
criticality in 1963, it has achieved many research re-
sults in the treatment of brain tumors and skin can-
cers, the analysis of substances and trace elements in
the environment by activation analysis. The reactor
facility was decided to be abolished in May 2003. Af-
ter that, we are proceeding with decommissioning by
performing procedures based on laws, stopping the
functions of various facilities and equipment, carrying
out spent fuel, and dismantling and removing some fa-
cilities. Tokyo City University Atomic Energy Re-
search Laboratory has facilities for using radioactive
isotopes and nuclear fuel. They are used as education-
al and research facilities together with the reactor fa-
cilities. Currently, the main task of nuclear reactor
facilities is storage management of radioactive solid
waste. This paper introduces the concept and current
status of storage of solid waste generated during op-
eration and dismantled waste generated during decom-

missioning.

Development of the Treatment Method for Difficult
Wastes Aimed at Decommissioning of JMUTR

— Structural Materials of Reactor and Used
lon-exchange Resins —

Misaki SEKI, Hiroko NAKANO, Hiroshi NAGATA

Kaoru OHTSUKA, Takazumi OHMORI

Tomoaki TAKEUCHI, Hiroshi IDE

and Kunihiko TSUCHIYA

J. RANDEC, No. 62 (Sep. 2020), page 9~19, 7 Fig-
ures, 6 Tables.

Japan Materials Testing Reactor (JMTR) has been
contributing to various research and development
(R&D) activities such as the fundamental research of
nuclear materials/fuels, safety R&D of power reac-
tors, and radioisotope production since the beginning
of the operation in 1968. JMTR, however, was decid-
ed as one of decommission facilities in April 2017 and

it is taken an inspection of a plan concerning decom-
missioning because the performance of JMTR does not
confirm with the stipulated earthquake resistance. As
aluminum and beryllium are used for the core struc-
tural materials in JMTR, it is necessary to establish
treatment methods of these materials for the fabrica-
tion of stable wastes. In addition, a treatment method
for the accumulated spent ion-exchange resins needs
to be examined. This report describes the overview of

these examination situations.

Safety Demonstration Project on Disposing of
Contaminated Soil in Tokai-mura
Chinatsu MURATA, Masaru KITAHARA
Kiwamu TANAKA, Hiroya AMAZAWA
Shinichi TAKEBE, Osamu YAMADA
and Yutaka KAMEO
J. RANDEC, No. 62 (Sep. 2020), page 20~31, 11
Figures, 3 Tables.

On the basis of Act on Special Measures, munici-
palities stripped surface soil off the playground of
park to decontaminate the soil which had been con-
taminated with radionuclides released from Tokyo
Electric Power’s Fukushima Daiichi Nuclear Power
Plant. To minimize the exposure dose of the resi-
dents, it was essential to decide safe disposal of the
contaminated soil which has been stored at storage
areas. Tokai-mura office, therefore, required Japan
Atomic Energy Agency (JAEA) to perform demonstra-
tion project of burying the contaminated soil generat-
ed by decontamination of public facilities in order that
the ministry of the environment provides decision on
the enforcement ordinance and guidelines of burying
it. In this project, we acquired data of air dose rate
and the personal exposure dose during transporting,
burying, and storing the contaminated soil. In addition,
we measured radioactivity concentration of dust col-
lected from surroundings of the landfill and seepage

water through contaminated soil.
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Prospects of Laser Cutting for Lava- like Fuel-con-

taining Materials (LFCM) Management at the Chor-
nobyl Nuclear Power Plant

Andreas Wetzig, Maxim Saveliev, Viktor Krasnov

Achim Mahrle, Patrick Herwig, Cécile Javelle

Christoph Leyens and Norbert Molitor

J. RANDEC, No. 62 (Sep. 2020), page 32~46, 8 Fig-

ures, 3 Tables.

The Chornobyl Nuclear Power Plant (ChNPP) Unit
4 nuclear accident created an unprecedented amount
of radioactive waste that is yet to be handled for final
disposal. Damaged fuel assemblies and large amounts
of fuel containing materials (FCM) made of molten
fuel that fused with other reactor components are
mixed with reactor debris, and are now covered under
the shelter of the arch-shaped New Safe Confinement
(NSC). Within the design life time of the NSC of up
to 100 years, all structures and materials under the
NSC have to be safely removed. The solidified fuel
containing lava represents several hundreds of cubic
meters, present in several rooms down to level 0 of
the unit.

The material is hard, but its inevitable degradation
and self-destruction over time is a worrying evolution
causing increasing amounts of radioactive dust and
aerosols inside the Object Shelter (OS). Recovering
as much solid FCM as possible before it converts to
dust is the only way to prevent uncontrollable amounts
of aerosols in the NSC. The task is a unique chal-
lenge considering the FCM characteristics and loca-
tion, and because there is no reference case for their
retrieval and processing towards safe disposal.
For fragmentation of such materials before their re-
trieval, remote-operated laser cutting has been identi-
fied as a segmentation tool of choice for highly con-
taminated and fuel containing materials under the
NSC conditions.

In cooperation with the Institute of Safety Prob-
lems of Nuclear Power Plants (Ukraine) and Plejades
in coordination with ChNPP, the Fraunhofer Institute
IWS in Dresden (Germany) has initiated a R&D pro-
gram on laser cutting for the lava-like FCM at ChN-
PP with solid state laser, to provide a practicable,
robust and safe technical solution as part of a com-

prehensive safe approach for the overall challenge at
ChNPP Unit 4. This international project is open to
international cooperation. It includes cold testing in
Germany and mock ups and hot testing with real mate-
rial in Ukraine. It is assumed that a dedicated tool
can be developed with the next 15 years. This project
has to be developed in parallel to the other disman-
tling and waste management technologies needed for
the conversion of destroyed ChNPP Unit 4 into eco-

logically safe conditions.

Strategy and Experiences of Decommissioning
Projects of Nuclear Power Plants in Overseas
(4) Overviews of the Representative Projects of
NPP Decommissioning in the United Kingdom
(UK)

Yasuhiko MIYASAKA, Susumu SHIBUYA

and Yuji ENOKIDO

J. RANDEC, No. 62 (Sep. 2020), page 47~66, 25
Figures, 2 Tables.

In this report introducing “the decommissioning
strategy and performance of power generation reac-
tors in overseas,” we will focus on the United King-
dom (UK) as the 4th article, following the first of the
US, the second of Germany and the third of France.
In the UK, 45 units including pilot nuclear power re-
actors have been constructed so far, currently operat-
ing 14 advanced gas reactors (AGRs) and 1 PWR.
Two state-of-the-art European pressurized reactors
manufactured by Areva of France are under construc-
tion at Hinckley Point C site. On the other hand,
there are 30 power reactors closed by 2015, and the
activities of decommissioning are continued systemati-
cally. The decommissioning of Gas-Cooled Reactors
(GCR) is working on decommissioning measures based
on the principle of long-term safe storage of the reac-
tor itself. This report outlines the decommissioning
project of GCR, Windscale Advanced Gas-cooled Re-
actor (WAGR), Steam-Generating Heavy Water Reac-
tor (SGHWR) and Prototype Fast Reactors (PFR),
including an overview of laws and regulations related
to decommissioning. This report also describes the
UK policies for nuclear energy, decommissioning and

waste management.
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Storage of Solid Waste and Dismantled Waste
During Decommissioning of Musashi Reactor
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Tokyo City University Atomic Energy Research Laboratory was established in Ozenji, Asao-ku, Kawa-
saki-City in 1960. Since the TRIGA-II type research reactor (Musashi reactor) reached the first critical-
ity in 1963, it has achieved many research results in the treatment of brain tumors and skin cancers, the
analysis of substances and trace elements in the environment by activation analysis. The reactor facility
was decided to be abolished in May 2003. After that, we are proceeding with decommissioning by per-
forming procedures based on laws, stopping the functions of various facilities and equipment, carrying out
spent fuel, and dismantling and removing some facilities. Tokyo City University Atomic Energy Research
Laboratory has facilities for using radioactive isotopes and nuclear fuel. They are used as educational and
research facilities together with the reactor facilities. Currently, the main task of nuclear reactor facili-
ties is storage management of radioactive solid waste. This paper introduces the concept and current sta-

tus of storage of solid waste generated during operation and dismantled waste generated during decom-

missioning.
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Fig. 2 Current storage amount and its capacity in the reactor room
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Development of the Treatment Method for Difficult Wastes Aimed
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Japan Materials Testing Reactor (JMTR) has been contributing to various research and development
(R&D) activities such as the fundamental research of nuclear materials/fuels, safety R&D of power reac-
tors, and radioisotope production since the beginning of the operation in 1968. JMTR, however, was de-
cided as one of decommission facilities in April 2017 and it is taken an inspection of a plan concerning de-
commissioning because the performance of JMTR does not confirm with the stipulated earthquake
resistance. As aluminum and beryllium are used for the core structural materials in JMTR, it is necessary
to establish treatment methods of these materials for the fabrication of stable wastes. In addition, a treat-
ment method for the accumulated spent ion-exchange resins needs to be examined. This report describes

the overview of these examination situations.
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Table 1 Use history of beryllium frames

wRvaon | BUGE | vy | T
m K 1~33 924, 000 0. 96 0.71
55 2 e 34 ~ 63 928, 000 1.12 0. 84
53 L 64 ~ 87 #5925, 000 1.00 0.75
4 88 ~ 119 #936, 000 1. 44 1.24
255 120 ~ 146 929, 000 1.15 1.09
25 6 L 147 ~ 165 #9325, 000 1.00 0.93
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Fig. 4 Basic process flow of the radioactive aluminum waste

Table 2 Chemical ingredient list of aluminum (A6061) [%]

17)

Si Fe Cu Mn Mg Cr Zn Ti fi Al
0. 40 0.7 0.15 | 0.15 0.8 0.04 | 0.25 | 0.15 | 0.05 | rop
-0.8 | LUIF | -0.40 | LIF | -1.2 | -0.35 | LIF | WUF | UTF "
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Fig. 5 X-ray diffraction figure of alumina

Table 3 Radioactivity and the ratio included in aluminum (A6061) after the irradiation at KUR [%]
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Table 4 Radioactivity of beryllium: calculation and measurement
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*Co 1.26 %10
1%1Ag 1.61%10
"Be 1. 71x10
'c 3.70%x10°
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3.30% 10’ 0.38
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Table 6 Radioactivity concentration actual value of the spent ion-exchange resins and average ratio radioactivity in JMTR
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Table 5 Specifications of the ion-exchange resins used in IMTR
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Safety Demonstration Project on Disposing of
Contaminated Soil in Tokai-mura

Chinatsu MURATA™, Masaru KitaHARA ™, Kiwamu Tanaka™, Hiroya AmMazawa™ ™
Shinichi TAKEBE™ ™, Osamu YamMADA™*™ and Yutaka Kameo™
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On the basis of Act on Special Measures, municipalities stripped surface soil off the playground of park
to decontaminate the soil which had been contaminated with radionuclides released from Tokyo Electric
Power’s Fukushima Daiichi Nuclear Power Plant. To minimize the exposure dose of the residents, it was
essential to decide safe disposal of the contaminated soil which has been stored at storage areas.
Tokai-mura office, therefore, required Japan Atomic Energy Agency (JAEA) to perform demonstration
project of burying the contaminated soil generated by decontamination of public facilities in order that the
ministry of the environment provides decision on the enforcement ordinance and guidelines of burying it.
In this project, we acquired data of air dose rate and the personal exposure dose during transporting,
burying, and storing the contaminated soil. In addition, we measured radioactivity concentration of dust

collected from surroundings of the landfill and seepage water through contaminated soil.
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Management, Nuclear Science Research Institute, Japan Atomic Energy Agency)

ko [AMERE HEEYEI¥E b Y # — (Low Level Radioactive Waste Disposal Center, Japan Atomic Energy Agency)
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Fig. 7 Burying the contaminated soil at first landfill section
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Fig. 8 Burying the contaminated soil at second landfill section
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Table 2 Radioactivity concentration of seepage water
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The Chornobyl Nuclear Power Plant (ChNPP) Unit 4 nuclear accident created an unprecedented
amount of radioactive waste that is yet to be handled for final disposal. Damaged fuel assemblies and large
amounts of fuel containing materials (FCM) made of molten fuel that fused with other reactor components
are mixed with reactor debris, and are now covered under the shelter of the arch-shaped New Safe Con-
finement (NSC). Within the design life time of the NSC of up to 100 years, all structures and materials
under the NSC have to be safely removed. The solidified fuel containing lava represents several hundreds
of cubic meters, present in several rooms down to level 0 of the unit.

The material is hard, but its inevitable degradation and self-destruction over time is a worrying evolu-
tion causing increasing amounts of radioactive dust and aerosols inside the Object Shelter (OS). Recover-
ing as much solid FCM as possible before it converts to dust is the only way to prevent uncontrollable
amounts of aerosols in the NSC. The task is a unique challenge considering the FCM characteristics and
location, and because there is no reference case for their retrieval and processing towards safe disposal.
For fragmentation of such materials before their retrieval, remote-operated laser cutting has been identi-
fied as a segmentation tool of choice for highly contaminated and fuel containing materials under the NSC
conditions.

In cooperation with the Institute of Safety Problems of Nuclear Power Plants (Ukraine) and Plejades
in coordination with ChNPP, the Fraunhofer Institute IWS in Dresden (Germany) has initiated a R&D
program on laser cutting for the lava-like FCM at ChNPP with solid state laser, to provide a practicable,
robust and safe technical solution as part of a comprehensive safe approach for the overall challenge at
ChNPP Unit 4. This international project is open to international cooperation. It includes cold testing in
Germany and mock ups and hot testing with real material in Ukraine. It is assumed that a dedicated tool
can be developed with the next 15 years. This project has to be developed in parallel to the other disman-
tling and waste management technologies needed for the conversion of destroyed ChNPP Unit 4 into eco-

logically safe conditions.
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Fig. 1 Cross-section of ChNPP Unit 4 reactor in 1986 after election of the Object Shelter 2
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Fig. 2 Schematic diagram of a RBMK-1000 fuel assembly (“cassette”)
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Fig. 3 Damaged fuel inside internal premises of the destroyed Unit 4
[Photos: courtesy of Alexandr Kupnyi]
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Fig. 4 Cassettes with "fresh" fuel in the north-eastern corner of the Central Hall (left) and
destruction in the south-eastern part of the Central Hall (right)
[Photos: by courtesy of Alexandr Kupnyi]

Table 1 Materials in the reactor shaft at the beginning of the active stage of the accident?

lngeitery 0o eems Part of the inventor
Material 504/2 and 305/2 (in | "y % 8 ML [t]y
reactor shaft) [t]
Nuclear Fuel (U) 120 90
Steel 1, 300 <20
Serpentinite mixes 580 160
Concrete of the reactor containment 130 130
and structures
Concrete of the building 950 480
Sandy backfill material 300 280
Zirconium - 45
Graphite 750 nearly none
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Table 2 Mineralogical composition of LFCM [%]

FCM clusters in the shelter Mg Si Ca Lr U
Black FCM in room 305/2 1.5 £ 0.7]30.5 £ 3.1 (47 % 4 + 1+
Black FCM in the southwest, nearby 25 + 0.5|30.1 + 3.6 52 + 0 + 3 +
room 305/2

Brown FCM in the southwest, nearby 492 +10/299+ 49|51+ 9 + 4+
room 305/2

Black FCM in sector 304/3 2.3 £ 0.3]30.5 £38]53 =% .0 * .9 =+
Black FCM in sector 217/2 223 £ 0.6(31.1 £54]6.1 %= .3 =x 4+
B!ack_FCM_ln sector 210/6 (Steam 31 4+ 04290+ 35|48+ 6 + _—
distribution valve)

Brown FCM in sector 210/7 (Steam 41+ 1.0]203 + 49|51 + 6 + 9 +
distribution valve)

Brown FCM in sector 012/15 (Bubbler 42 + 040355 + 07|49+ 3+ 5 4+
pool level 2)

Average composition black FCM 2.4 30.1 5.1 3.2 4.4
Average composition brown FCM 3.7 30.5 5.0 4.4 7.6
Average composition FCM, all types 2.9 30.3 5.1 3.7 5.7

ety |

Fig. 5 LFCM masses in rooms below the reactor shaft
[Photos: by courtesy of Alexandr Kupnyi]
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Table 3 Density of various formations of LFCM inside Unit 4 Shelter®

Density
Room Type of FCM [e/cn]
Central hall and adjacent premises Core fragments 10. 4
Black ceramic 2.3—2.7
Brown ceramic 2.5—3.0
Room 305/2 + reactor shaft
Loose layer of lava 1.2—1.5
Polychrome ceramic (blue lava) 2.8
Black ceramic (top layer) 0.7—0.9
Room 304/3, horizontal flow Black ceramic (middle layer) 0.9—1.8
Black ceramic (bottom layer 18-2 4
and main part of the FCM) ) )
Corridor of steam distribution unit | Brown ceramic 3.00 £ 0.13
(Steam discharge valves /corridor), .
rooms 210/ Black ceramic 2.69 £ 0.17
Bubbler pool, 1st and 2nd floors, | Brown ceramic heaps 2.14 = 0.34
rooms 012/ Pumice 0.14—0.18
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Fig. 6 Schematic illustration of the experimental setup for a laser cutting/grooving process (left) and
experimental results of laser cutting with cut kerf control by longitudinal oscillation of the focal

layer position (right)

(Parameter: laser power = 4 kW, cutting speed = 1.3 m/min, material = stainless steel AISI

304, sheet thickness = 10 mm)
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Strategy and Experiences of Decommissioning Projects of
Nuclear Power Plants in Overseas

(4) Overviews of the Representative Projects of NPP Decommissioning
in the United Kingdom (UK)

Yasuhiko Miyasaka™, Susumu SHIBUYA *and Yuji ENokipo ™

[ GG SHEI D FEEAF D FE I FEE NS e O TG | 28T 2 ARMTIE, B 1OEPKE. F2m 4>, 5§30
7TV Ak E, EENCHEEAESDE S, HETIE, MMy 7TV N EFDREIITASFERR S N,
BIE, AGRAUI4HE K O'PWRA! 1 3% Mfindh Cd 5. mBSLOWINIMERF 2 e v 2 ) =K A ¥ bC
YA PTHRPTH B, —H. S REIL 304 D RILIEESED S Tnhb, F 2mA
(GCR) DBEIFFEE TIE, a7 X005t & < SR & g TISH80FE B O RART A MG S e, K
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MR (PFR) OREFORIEE 70 Y 227 FOBMEEZHEN TS L& 812, EEOF T HIECE,
FRIEAEEBCGR, REYEFBOREIZOWTENS,

In this report introducing “the decommissioning strategy and performance of power generation reactors
in overseas,” we will focus on the United Kingdom (UK) as the 4th article, following the first of the US,
the second of Germany and the third of France. In the UK, 45 units including pilot nuclear power reactors
have been constructed so far, currently operating 14 advanced gas reactors (AGRs) and 1 PWR. Two
state-of-the-art European pressurized reactors manufactured by Areva of France are under construction
at Hinckley Point C site. On the other hand, there are 30 power reactors closed by 2015, and the activi-
ties of decommissioning are continued systematically. The decommissioning of Gas-Cooled Reactors (GCR)
is working on decommissioning measures based on the principle of long-term safe storage of the reactor
itself. This report outlines the decommissioning project of GCR, Windscale Advanced Gas-cooled Reactor
(WAGR), Steam-Generating Heavy Water Reactor (SGHWR) and Prototype Fast Reactors (PFR), includ-
ing an overview of laws and regulations related to decommissioning. This report also describes the UK

policies for nuclear energy, decommissioning and waste management.

% 0 AHENEN HE 08y 2 2 P+ ~ 4 — (Radwaste and Decommissioning Center)
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(b) After removal

Fig.5 Berkeley fuel element debris of vault 2"
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RANDEGC

Radwaste and Decommissioning Center

RANDEC contributes to establishment of generic
nuclear energy backend technology in Japan. The
following works are currently intensively involved:

The establishment of business work of consignment,
store and process of radwaste from domestic
research, industrial facilities etc. for disposal.

The research and development of nuclear facility
decommissioning technology and radwaste treatment
as well as disposal.

The study on decontamination and environmental
restoration of ground in Fukushima and Kanto area.

The dissemination and enlightenment of backend
research and development results, and training.

RANDEC works for advancement of science and
technology, and sustainable environmental cleanliness.
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