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Concept of Ensuring Safety Concerning Disposal
of Low-Level Radioactive Waste Generated by
Operation and Decommissioning of Nuclear
Power Plants
Koichi YOSHIHARA, Takashi SEKIGUCHI,
Kunihiro NAKAT and Yuichi NIIBORI
J. RANDEC, No. 56 (Sep. 2017), page 2~ 13, 14
Figures, 4 Tables

Safety ensuring is major premise in all nuclear
facilities for continuing their operations at nuclear
power plants under national consensus. In such a
situation, the burial disposal of low-level radioactive
waste generated by operation and decommissioning of
nuclear power plants is important issue in the field of
back-end. The security is considered to achieve by
performing safety evaluation for future public
exposure to radiation and proper facility inspection
and management when construction and operation of
facility under appropriate design providing safety
function to disposal facilities.

In addition to international standards, and Japanese
laws and regulations regarding radioactive waste,
based on these regulations, the AESJ (Atomic Energy
Society of Japan) Standard was formed for providing
operator guidance in Japan as a private standard.
Since 1992, the disposal of low-level radioactive waste
has been conducted safely without any problems. In
recent year, as a lesson of 2011’ Fukushima Daiichi
nuclear disaster, establishing of new regulation
standard is carried for strengthening of security

measures.

Current Status and Issues of Sodium Removal
and Disposal from LMFR in the Framework of
Decommissioning
Satoru NAKAI
J. RANDEC, No. 56 (Sep. 2017), page 14 ~ 28, 13
Figures, 2 Tables
Prototype fast breeder reactor power plant
“Monju” which is under construction was decided by
the Japanese government not to operate but to be
decommissioned safely and surely in December 2016.
In the view point of decommissioning, one of the major
difference from LWR is sodium as a coolant. In the
overseas such as U.K., Germany, the United States and

France, there are the precedent examples of

decommissioning and can be refered to it. This report
describes the current status and issues of overseas

technologies about removal and disposal of sodium.

Current Status of R&D for Fuel Debris Retrieval to
Proceed with Decommissioning of the Fukushima
Daiichi NPS
— Outline of R&D Conducted by International
Research Institute for Nuclear Decommissioning
(IRID)—
Osamu SEKI
J. RANDEC, No. 56 (Sep. 2017), page 29 ~45, 40
Figures
The International Research Institute for Nuclear
Decommissioning (IRID) has been founded in August
2013 and fully committed to research and development
of technologies required for addressing the urgent
issue of decommissioning the Fukushima Daiichi
Nuclear Power Station (FINPS). Since the Nuclear

Damage Compensation and Decommissioning
Facilitation Corporation (NDF) was reorganized from
the Nuclear Damage Liability Facilitation Fund in
August 2014, the roles of the four major entities
involved in the decommissioning have been clarified;
the Japanese Government and the NDF that is
reasonable for formulating decommissioning strategies
and R&D plans, Tokyo Electric Power Company
Holdings, Inc. (TEPCO) that is responsible for on-site
operations, and IRID in its capacity of leading R&D
for F1INPS decommissioning technologies.

It has become more clear the reactor condition by
observation using reactor penetration technology with
cosmic ray muon and by investigation inside the
reactor containment vessel using remote controlled
robots, in addition to the estimated information with
performance analysis codes. This paper describes the
outlines of R&D results conducted by IRID so far, and
shows especially the current status of R&D for fuel

debris retrieval in three reactors of FINPS

The Initiative Towards Construction of Knowledge

Management System in FUGEN Decommissioning
Engineering Center

Masashi TEZUKA,

Yasuyoshi TARUTA and Yuya KODA

J. RANDEC, No. 56 (Sep. 2017), page 46~54, 13

— il —



Figures

Decommissioning of nuclear power plants is a
project for long term. The plants that have completed
their  operations will sequentially start to
decommissioning. Implementation of decommissioning
needs much plant information in period of design,
construction and operation. In addition, it is essential
for efficient dismantling works to exploit the
technologies, data, lessons learned, experiences and
documents by getting through the decommissioning
process.

On the other hand, as workers who operated or
maintained the plant are aging and retiring, their
empirical knowledge has been lost.

For the purpose of safety and reasonability of
further = decommissioning activities, Knowledge
Management System (KMS) has been producing in
FUGEN which has received the approval of
decommissioning and now under decommissioning.
KMS is an initiative of human resources development
and to pass on expertise and knowledge to the younger
generations. The system based on the prototype of
FUGEN aims a high versatility system available for

further decommissioning facilities.

Development of Technologies of Cutting and
Decontamination Employing High Power Fiber
Laser
Shinichi TOYAMA and Eisuke J. MINEHARA
J. RANDEC, No. 56 (Sep. 2017), page 55 ~65, 20
Figures, 1 Table
Development of the steel cutting technology which
employs high power fiber laser for the industrial
applicability of the laser technology has been carried
out at The Wakasa Wan Energy Research Center
(WERC). At present, the laser technologies for
dismantling and decontamination are concurrently
being developed to the application measure of nuclear
dismantling for domestic nuclear power plants in the
future. Dismantling of nuclear facilities is on the way
for the technology also increases in necessity
worldwide, and progress in related technical
development is strongly expected. Beside the relative
easiness to handle compared with other laser system,
suppression of production of secondary radioactive

waste and dose exposure can be realized by dramatic

improvement by excelled thermal density of fiber laser.

This paper provides recent results from cutting
technology for thick steels aiming disassembling
nuclear pressure vessel, and decontamination machine
technology which works under high radiation dose,
explaining the results from cutting experiment of
steels and the actual equipment and from the radiation

resistance experiment for component devices.

Technologies and Experiences of Mitsubishi
Materials Corporation Corresponding to
Decommissioning of Nuclear Facilities

Hirokazu TANAKA and Naoto SASAKI
J. RANDEC, No. 56 (Sep. 2017), page 66 ~73, 9
Figures, 6 Tables

Mitsubishi Materials Corporation (MMC) has been
conducting R&D, engineering and operating in the field
of nuclear fuel cycle technology since 1950s, from
mining and processing of uranium to reprocessing of
spent fuel and waste management. We have gained
experiences in the waste treatment system in these
activities such as, pre-treatment, decontamination,
volume reduction, cement solidification,
transportation, recycling and disposal.

This paper gives a summary of our technologies and
experiences corresponding to deconommissioning
developed since 2000, (1) procedure and results of
decommissioning of R&D facilities in MMC’s Omiya
site, (2) development of the system of the volume
reduction treatment system of waste by the ultra-high
frequency induction furnace and (3) applying melt
refining technology to the metal wastes in Fukushima

Daiichi nuclear power station.

Receiving / Sorting Techniques for Treatment of

the Removed Soil Including Decontamination
Wastes at the Interim Storage Facility

Katsuhiko YOKOYAMA,

Mitsuru TUCHIDA and Motoyuki ASADA

J. RANDEC, No. 56 (Sep. 2017), page 74 ~ 79, 13

Figures

In an interim storage facility, decontamination

wastes are gathered and transported from temporary

storage sites in the receiving area in Fukushima

prefecture. Incombustible wastes are mainly stored in

the storage building after the incineration of

_iv_



combustibles. On the other hand, according to the
guideline established by the central government for the
excavation and removing soil of incombustible wastes
which are 8,000 Bq/kg or less are stored in the soil
type I storage facility, and over 8,000 Bq/kg are to be
stored in the soil type II storage facility fixed at the
radioactivity concentration.

In the interim storage facility, it is necessary to
roughly classified three steps for sorting and
treatment technique. Firstly, receiving soil in a large
sandbag, including combustible wastes, is carried in
the facility and the bag is torn to take the wastes out of
the bag. Secondly, the receiving soil is sorted into
combustible wastes and soil. Finally, the soil is sorted
by 8,000 Bqg/kg as the threshold according to
radioactivity concentration. For this reason, these
techniques are required for the interim storage
facility.

In this report, the authors introduce the sorting
technique to separate combustible wastes from the
removed soil including decontamination wastes and

sorting of the soil by radioactivity concentration.
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: Decommissioning of Nuclear Power Plants
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Safety ensuring is major premise in all nuclear facilities for continuing their operations at nuclear power
plants under national consensus. In such a situation, the burial disposal of low-level radioactive waste
generated by operation and decommissioning of nuclear power plants is important issue in the field of back-
end. The security is considered to achieve by performing safety evaluation for future public exposure to
radiation and proper facility inspection and management when construction and operation of facility under
appropriate design providing safety function to disposal facilities.

In addition to international standards, and Japanese laws and regulations regarding radioactive waste,
based on these regulations, the AESJ (Atomic Energy Society of Japan) Standard was formed for providing
operator guidance in Japan as a private standard. Since 1992, the disposal of low-level radioactive waste
has been conducted safely without any problems. In recent year, as a lesson of 2011’ Fukushima Daiichi

nuclear disaster, establishing of new regulation standard is carried for strengthening of security measures.
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The AESJ Standard is also being revised sequentially.

In this report, we introduce recent trends of radioactive waste disposal in Japan and overseas and discuss

ways to safety ensuring for the disposal.
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Fig. 1 Classification of radioactive waste and outline of disposal method
(Note: Enclosure indicates the scope in this report.)
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Fig. 11 Management measures in operation phase (trench-type near-surface disposal)
(based on 14), and partially modified)
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Fig. 12 Management measures in maintenance phase (trench-type near-surface disposal)
(based on 14), and partially modified)
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Fig. 13 Management measures in operation phase (pit-type near-surface disposal)
(based on 14), and partially modified)
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Fig. 14 Management measures in maintenance phase (pit-type near-surface disposal)
(based on 14), and partially modified)
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Current Status and Issues of Sodium Removal and Disposal from
LMFR in the Framework of Decommissioning

Satoru Nakar®
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Prototype fast breeder reactor power plant “Monju” which is under construction was decided by the
Japanese government not to operate but to be decommissioned safely and surely in December 2016. In the
view point of decommissioning, one of the major difference from LWR is sodium as a coolant. In the overseas
such as U.K., Germany, the United States and France, there are the precedent examples of decommissioning

and can be refered to it. This report describes the current status and issues of overseas technologies about

removal and disposal of sodium.
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Table 1 Main liquid metal cooled reactors
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Table 2 Decommissioning strategy of several SFR "'~
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Fig. 1 Principle of the NOAH process
(retouched based on Fig. 2 of ref. 4) P. 2)
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Fig. 2 Overview of the PFR liquid-metal disposal plan®
(retouched based on Fig. 1 of ref. 5) P. 45)
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Fig. 3 Sodium process facility flow diagram®
(retouched based on Fig. 1 of ref. 20) P. 6)
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Fig. 4 Diagrammatic representation of the reactor-based
equipment®
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Fig. 13 KNK-2 Dismantling tool®
(Fig. 6 of ref. 28) P. 164)
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The International Research Institute for Nuclear Decommissioning (IRID) has been founded in August
2013 and fully committed to research and development of technologies required for addressing the urgent
issue of decommissioning the Fukushima Daiichi Nuclear Power Station (FINPS). Since the Nuclear
Damage Compensation and Decommissioning Facilitation Corporation (NDF) was reorganized from the
Nuclear Damage Liability Facilitation Fund in August 2014, the roles of the four major entities involved in
the decommissioning have been clarified; the Japanese Government and the NDF that is reasonable for
formulating decommissioning strategies and R&D plans, Tokyo Electric Power Company Holdings, Inc.
(TEPCO) that is responsible for on-site operations, and IRID in its capacity of leading R&D for FINPS
decommissioning technologies.

It has become more clear the reactor condition by observation using reactor penetration technology with
cosmic ray muon and by investigation inside the reactor containment vessel using remote controlled robots,
in addition to the estimated information with performance analysis codes. This paper describes the outlines
of R&D results conducted by IRID so far, and shows especially the current status of R&D for fuel debris
retrieval in three reactors of FINPS.

s BAhEELE  EIERBRIFITSC SRR WA RS

(R&D Management Department, International Research Institute for Nuclear Decommissioning)
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Decommissioning of nuclear power plants is a project for long term. The plants that have completed their
operations will sequentially start to decommissioning. Implementation of decommissioning needs much plant
information in period of design, construction and operation. In addition, it is essential for efficient
dismantling works to exploit the technologies, data, lessons learned, experiences and documents by getting
through the decommissioning process.

On the other hand, as workers who operated or maintained the plant are aging and retiring, their empirical
knowledge has been lost.

For the purpose of safety and reasonability of further decommissioning activities, Knowledge
Management System (KMS) has been producing in FUGEN which has received the approval of
decommissioning and now under decommissioning. KMS is an initiative of human resources development and
to pass on expertise and knowledge to the younger generations. The system based on the prototype of

FUGEN aims a high versatility system available for further decommissioning facilities.

* o ENLAFZERAEIEAN  HAMK TR Sy o 2 PO BT IE R ERT R v v 2 — iR R IEREER
(Dismantlement Engineering Section, Technology Development Department, FUGEN Decommissioning Engineering Center, Sector of
Decommissioning and Radioactive Wastes Management, Japan Atomic Energy Agency)
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Development of Technologies of Cutting and Decontamination
Employing High Power Fiber Laser

Shinichi Tovyama* " and Eisuke J. MINEHARA * T
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Development of the steel cutting technology which employs high power fiber laser for the industrial
applicability of the laser technology has been carried out at The Wakasa Wan Energy Research Center
(WERC). At present, the laser technologies for dismantling and decontamination are concurrently being
developed to the application measure of nuclear dismantling for domestic nuclear power plants in the future.
Dismantling of nuclear facilities is on the way for the technology also increases in necessity worldwide, and
progress in related technical development is strongly expected. Beside the relative easiness to handle
compared with other laser system, suppression of production of secondary radioactive waste and dose
exposure can be realized by dramatic improvement by excelled thermal density of fiber laser.

This paper provides recent results from cutting technology for thick steels aiming disassembling nuclear
pressure vessel, and decontamination machine technology which works under high radiation dose, explaining
the results from cutting experiment of steels and the actual equipment and from the radiation resistance

experiment for component devices.
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Fig. 2 Conceptual view of laser cutting system in WERC
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Fig. 9 Schematic layout of Fukushima nuclear reactor
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Fig. 10 World’s first remote controlled laser decontamination
Robot in WERC
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Fig. 11 Functional explanation of remote controlled laser decontamination robot in WERC

Fig. 12 *°Co v ray irradiation facility in QST Takasaki (left)
Irradiation room of ®Co y ray irradiation facility in QST Takasaki (right)



T3y a VIR OHE56% (20174-9 H)

Fig. 13 Rhodotron that is used for radiation- resistant experi-

ment (max. current: 10 mA, max. energy: 10 MeV)
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Fig. 14 Single-mode optical fiber irradiated by y -ray and elec-

tron (upper). FC connector (lower)
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Fig. 16 Two motors and protection covers
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Fig. 19 Irradiation result 1 against electron and y -ray
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Fig. 20 Irradiation result 2 against electron and y -ray against
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Technologies and Experiences of Mitsubishi Materials Corporation
Corresponding to Decommissioning of Nuclear Facilities

Hirokazu Tanaka* and Naoto SASAKI*
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Mitsubishi Materials Corporation (MMC) has been conducting R&D, engineering and operating in the field
of nuclear fuel cycle technology since 1950s, from mining and processing of uranium to reprocessing of spent
fuel and waste management. We have gained experiences in the waste treatment system in these activities
such as, pre-treatment, decontamination, volume reduction, cement solidification, transportation, recycling
and disposal.

This paper gives a summary of our technologies and experiences corresponding to decommissioning
developed since 2000, (1) procedure and results of decommissioning of R&D facilities in MMC’s Omiya site,
(2) development of the system of the volume reduction treatment system of waste by the ultra-high frequency
induction furnace and (3) applying melt refining technology to the metal wastes in Fukushima Daiichi nuclear
power station.
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Fig. 1 Collection process of the contaminated underground properties and soil
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Fig. 2 Storage situation of radioactive wastes
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Fig. 3 Relation between frequency of induction furnace and
absorbed power
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Fig. 4 Example of solidification by melting
* Cracks in the slag layer occurred during cutting
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Fig. 5 Oxidation mechanism of aluminum
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Table 4 Application of super high frequency melting system
for volume reduction
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Fig. 6 Standard free energy for formation of oxides

* Calculated by MALT2, software for thermodynamic calculation
made by The Japan Society of Calorimetry and Thermal Analysis
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ez z o LTOMIziz e eizhs
AIH ., Wi & rHEY 5 (Fig. 7).

Fig. 7 Force applied to metal and oxide during melting

(b) Pt (sl - 285%E) D22 % F|H
CsXZ DAL O W E $k DR (1540 C)
X K728 (Table 5. Fig.8). #RADE)E
REYZEML., CsA R TR 212k T
7&"9,‘5‘—&7)‘“(%5 o
CsD—EBid 4 dmi» & XM IT§ 58T
277 HifgE b,

Table 5 Melting point and boiling point of Cs and Fe (C)

Cs Cs20 Fe
il = 28 ~490 (N,#) 1540
i) 678 2 E 400 2750
1.0E+06 Cs,0
10E+04 —RSIE
/
A1.0E+02 MOW
£ 1.0E+00 0
uQ,
E‘;I.OE—OZ
¥ 0E-04 Sro
CoO /
1.0E-06 /
1.0E-08
SnO /
1.0E-10 %2 7/ Puo,
Uoy
10E_12 1 1 1 T I N TN SN SR NN S R R
500 1000 1500 2000
BECC)

Fig. 8 Vapor pressure of metals
(Vapor pressure at MO (s. |)=MO (g))
* Calculated by MALT2, software for thermodynamic calculation
made by The Japan Society of Calorimetry and Thermal Analysis

(3) Cs & SrDyERERAE HITED a2
Cs & SrDRGE RN % FO 725k ft 2 1 ke
SNy FOINERIRE 1t/ 73y F O FEAERIRE

WRE (Fig. 9) THL. BRMiRe & HEad L 7z,

Fig. 9 The furnace of demonstration scale (1 t/batch)
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5,
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WP AT STk, $3 (A Ty M)
D Cs i X3 Sries # &1 5,

72, Bt v A TTHERI N SE L i
%1 kg /7Ny FO/NUVE R C R ERLL 72
FER, BEHEE >y ARHE L2 LR H 5 TR
S OVEMRGUIRE T, TIEOBESMEE > v 4
“Céz‘}%ﬁ‘(’ty’“éhé LI W ERNGh T
(Table 6) ©

Table 6 Results of melting experiment using sample of
wastes contaminated with radioactive Cs ©

Runt Run?2
e | EEBEEY 5.6 Ba/kg 5.6 Ba/kg
ARLET
+iE 10, 500 Ba/ke
A | £BEMbE | <0.2Ba/ke <0. 2 Ba/ke

(4) 5% DR
RS T RER A PN TIRREDOS)E
HALFERDD ., SHREFEADEGAK SR v 2 HD
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FERTERELIC B T D RETIBEEDT A - oAl LIER T
Ml BeZ*. BH R & RZ
Receiving / Sorting Techniques for Treatment of
the Removed Soil Including Decontamination Wastes at the
Interim Storage Facility
Katsuhiko Yokovama*, Mitsuru TucHIDA* and Motoyuki ASADA*

rh TR hERS . R RN SO GE S 2> 5 IE - Bk X N 2BREBRED %2 =10 At alRIIZ DT
IBEANTL . BERIK 2 ISP RIS, BRETIEFICOWTIE, EEEIRE IZIG C T, 8,000 Ba/kg A T i
+4E T AR 2. 8,000 Bq/kg Z#E A 5 & DIZDOWTIE., TIE T ARE R IZ. T hFhirk bt
H& % >TWb,

brELOEEICTHEH T 2 & hRElrEdERR TiE. EWAE N A L0 5 RABR L TERE T2 LD
i ON F?fj:i:ﬁ%%k aEhd 7}%%%%% & 43‘71?7’;%\ 8,000 Ba/kg % [fii & Lfﬁiﬂiﬁ‘é?}%rg%ﬂc:%iiiﬁ
Fa 5, DA - SrIEREG N BB 5 % ARE TR, ThOBRAETHEDZA - 75l

B TH % j:f“lj:a) S WO, B LS H 5 Ol 75 B i Vfiﬁ%@iﬁ%fﬁu%ﬁ%y‘ﬂu
Bz O TR 5%,

In an interim storage facility, decontamination wastes are gathered and transported from temporary
storage sites in the receiving area in Fukushima prefecture. Incombustible wastes are mainly stored in the
storage building after the incineration of combustibles. On the other hand, according to the guideline
established by the central government for the excavation and removing soil of incombustible wastes which
are 8,000 Bq/kg or less are stored in the soil type I storage facility, and over 8,000 Bq/kg are to be stored
in the soil type II storage facility fixed at the radioactivity concentration.

In the interim storage facility, it is necessary to roughly classified three steps for sorting and treatment
technique. Firstly, receiving soil in a large sandbag, including combustible wastes, is carried in the facility
and the bag is torn to take the wastes out of the bag. Secondly, the receiving soil is sorted into combustible
wastes and soil. Finally, the soil is sorted by 8,000 Bq/kg as the threshold according to radioactivity
concentration. For this reason, these techniques are required for the interim storage facility.

In this report, the authors introduce the sorting technique to separate combustible wastes from the

removed soil including decontamination wastes and sorting of the soil by radioactivity concentration.

| ELBI SET L TW5%, s EEIC O, &
' SELN O E S IR X T 7=BRgR 2 % vh
WHAKRESL S 6 F-LLEAFSR L. Bﬂ‘ %% M st 1 7 M N PR I \Biik %254 1y b
IZDWTUE, TR X e 2 B & T BRI R IR ik - ARSERIZT | 2 i x . IES D & FE T

% o JEKERR (BR)  (Shimizu Corporation)
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Fig. 1 Process flow chart of interim storage facility
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Fig. 4 Tear off the sandbag

Fig. 5 Removing soil by a grapple attachment
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Fig. 8 Reforming effect by “SC-Karratto”
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Fig. 12 The image of shape measurement

Fig. 13 Full view of the demonstration testing machine
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RANDEC

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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