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Deposition amount
of Cs-134&137

Spread of radioactive materials by the accident of  
Fukushima nuclear power plant

Iwate pref.

Miyagi pref.

Fukushima pref.

Tochigi pref.

Gunma pref. Ibaraki pref.

Chiba pref.
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Chernobyl accident vs. Fukushima accident
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Environmental pollution caused by the 
accident of the nuclear power plant
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ü Some areas of Eastern Japan were polluted with radioactive 
materials released by the nuclear power plant accident.
���,$&/�	��

ü The environmental contamination occurred in a populated, 
crowded area of Japan.
���"�	,�1)�
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ü Generation of a wide variety of waste in large quantities that 
is contaminated with radiocesium. 
���4325,��'0(
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ü A large quantity of the removed contaminated soil still remain 
after the decontamination activities. 
!�,�#
 -!���-��

4



Waste management problem
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Flow of radiocesium in the artificial area including 
waste management system +-M312R./,Cs4S7V
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Legal aspect
�����
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Legal Framework ���
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Act on Special Measures concerning the Handling of Radioactive 
Pollution �

����	������
Promulgated: at the end of August 2011, Fully came into force: January 1, 
2012

The Order and Ordinance ���#����
-Waste-related regulations: Designation standards for Designated Waste, 
collection and transfer standards, storage standards and final disposal
standards for decontaminated waste, etc. ���!�
-Decontamination-related regulations: Standards for decontamination 
and other measures, collection and transfer standards and storage 
standards for the removed soil, etc. "�!�

-Designation of the target areas: 
Special Decontamination Areas: 11 municipalities*
(20km radius from NPP + area with 20 mSv of annual 
Cumulative dose) "�����
Intensive Contamination Survey Areas:102 municipalities*
(area with 1-20 mSv annual cumulative dose)���� �����
* 4 municipalities have been partially designated



Classification on the contaminated waste 
(in case of Fukushima pref.) ������%�$ &����'
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Over 8,000Bq/kg ?

waste from special 
decontamination area in 

Fukushima Pref.

Designated waste
Municipal and 

industrial waste
(Incineration residue, 
sewage sludge, etc.)

Decontamination work

Specified waste
which MOE is responsible for 

Yes

No

Decontamination 
waste

Specified municipal 
and industrial solid 

waste

Over 
100,000Bq/kg ?

Decontamination 
soil

Yes

Interim storage

No

Landfill disposal 
with special control

Ordinary disposal
which are municipality 

and private sector 
responsible for 

�����/�����
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�8,000Bq/kg: based on 1mSv/y of human 
exposure risk level in the waste management 



Release of Technical Guidelines ��������

-Helping understanding regulations under the Act
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– Waste-related guidelines: storage, 
maintenance and management standards 
and disposal standards

– Decontamination-related guidelines: 
methods for the investigation and 
measurement of the status of pollution, 
decontamination and other measures, 
collection, transfer and storage of the 
removed soil



Characteristics of contaminated 
soil and waste generation

��������	���
�

11



Actual wastes
Disaster waste 	���


Bulky waste ����

Vegetation 
��

At temporal storage
sites, combustibles 
are roughly 
separated manually 
and crushed in pre-
treating facilities

At temporal storage
sites, combustibles 
are roughly 
separated manually 
and crushed in pre-
treating facilities

Unwrapping wrapped roles of vegetations, 
then sliced or chipped.

Transported in 
flexible 
containers

De-packing from flexible 
containers and crushing by 
crushing machines

Municipal waste ����

Transport in forms of 
flexible containers or 
recollecting plastic bags, or 
by packer vehicles

Transport in closed flexible 
containers and the content is 
threw from containers into 
incinerators

Sludge ���
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Decontamination works ���
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Removal Shield Long distance

Map of the intensive 
contamination survey area 
(orange) and the special 
decontamination area (red)
��������������
���	�
�������



http://josen-plaza.env.go.jp/materials_links/index.html#movie131007en
http://josen.env.go.jp/en/#top10

Plants

Mud sludge (High pressure 
water cleaning of side girders)

Packing works 
In flexible containers

Woods, branches

Examples of wastes generated from decontamination
�����
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Progress of decontamination

15Cited from MOE



Estimated amount of contaminated soil and 
waste carried in the interim storage site
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Over 8,000Bq/kg ?

waste from special 
decontamination area in 

Fukushima Pref.

Designated waste
Municipal and 

industrial waste
(Incineration residue, sewage 

sludge, etc.)

Decontamination 
work

Specified waste
Yes

No

Decontamination 
waste

Specified municipal and 
industrial solid waste

Over 
100,000Bq/kg ?

Decontamination 
soil

Yes

Interim 
storage

No

Landfill disposal

Ordinary disposal

1,550,000 m3

8,000Bq/kg<  10,360,000 m3

<8,000Bq/kg  10,060,000 m3

Incineration ash 20,000 m3 Incineration ash



Temporary storage ����

Incineration treatment
Landfill disposal
Interim storage
Contaminated soil recycling 
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Management procedures



Temporary storage site  (TSS)
for decontamination soil and waste
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Upper capping liner

Gas suction pipe 
(for combustibles) 

Monitoring well

Leachate collection tank Bottom liner

ü Soil bag shielding against radiation
ü Bottom liner system preventing leakage of leachate
ü Upper capping liner system preventing penetrating of rainfall  
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Views of  TSS
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Temporary storage
Incineration treatment ����
Landfill disposal
Interim storage 
Contaminated soil recycling 
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Management procedures



Temporary incineration plant for the contaminated waste
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R-Cs behavior in MSW incinerator
����
	������

Unknown r-Cs 
chemicals in 
MSW

r-CsCl gas r-CsCl solid

(r-CsAlSi2O6)

Slag including r-Cs

Alminosilicate at a low temperature

Slag phase at a high temperature

MSW

Slow cooling

Rapid cooling

Gas cooling

Baghouse

Fly ash

Bottom ash
Stocker-type incinerator

Air

Flue gas



Evaporated Cs in combustion gas
���Cs�����

Exhaust gas is cooled and evaporated Cs condensed as a 
solid of CsCl and forms particles of dust.

Fly ash having 
average size of 
10s µm

Evaporated 
Cs Condensation

Temperature decreases less than 200 ºC at bag 
filter.
CsCl: bt = 1300ºC, mt = 646 ºC
Vapor pressure: 7 Pa at 600 ºC (high enough)

1 nPa at 200 ºC (low enough)

23

Osako, NIES, 2013
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Gas cleaning for r-Cs in flue gas?

Bag filter

Precoating layer Ash cake layer

Dust = fly ash with Cs

Flue gas Cleaning gas

ü In a baghouse, dusts are removed. As a 
result, r-Cs chemicals solidified on the 
dust during gas cooling are also removed.

ü The presence of ash cake layer and 
precoating layer enables bag filter to 
remove finer dusts. 

9 

バグフィルターとは？ 
•ろ布と呼ばれる織布や不織布
を用いて処理ガス中のばいじ
んをろ過捕集する集塵装置で
す。廃棄物焼却施設や工場な
どで広く使用されています。 
・焼却施設の排ガス中に含ま
れるセシウムは、ばいじんに吸
着した形になっているので、バ
グフィルターで除去できます。 

In a baghouse

A conventional gas cleaning is valid for removal of r-Cs?

��������
�����
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Removal efficiency of r-Cs from flue gas using a 
baghouse? �����������

*BF�Bag filter, EP�Electric precipitator
** MOE: Ministry of the Environment, NIES : National Institute for Environmental Studies, A: a private company 

ü Only BF is highly effective for removal of r-Cs (>99.9%). 
ü Outlet gas level in all the facilities was much lower than the 

regulation of the air environment ((134Cs conc.)/20+(137Cs conc.)/30 ≤ 1)
Safe!
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Temporary storage
Incineration treatment
Landfill disposal ����
Interim storage 
Contaminated soil recycling 
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Management procedures
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Bottom ash from 
MSW 

Fly ash from MSW Incineration ash form 
sewage sludge 

Water–soluble CsCl
on fly ash

Water-insoluble CsAlSi2O6 or 
slag in bottom ash

Le
ac

ha
bi

lit
y

of
 r-

Cs
 (%

) Maximum and minimum values

MSW bottom 
ash

Ash from 
sewage sludgeMSW fly ash

Leaching test of r-Cs for various incineration ashes

High leachability in radio-Cs of the incineration 
fly ash ��	�
���Cs���



Sorption test samples �����

Page. 28

Silica sand
CEC = 0.7 cmol/kg

Silty soil
CEC = 6.3 cmol/kg

D. granite soil
CEC = 4.1 cmol/kg

Bentonite
CEC = 66 cmol/kg

Powd. mordenite
CEC = 130 cmol/kg

Gran. mordenite
CEC = 140 cmol/kg

Actually used in a landfill
Fine grain (<75um) = 20%

Wyoming Na bentonite
Used for hydraulic barrier

Not artificial zeolite
Grain size = 1.4-4.0 mm

Standard quartz sand
Grain size = 0.4-0.6 mm

Weathering granite
Fine grain (<75um) = 7%

Not artificial zeolite
Grain size < 0.2 mm



Results of Kd (distribution coeff.) ����+��

Page. 29

Radioact. 134Cs Radioact. 137Cs 133Cs
CEC (mL/g) (mL/g) (mL/g)

(cmol/kg) pH=7 pH=12 pH=7 pH=12 pH=7 pH=12
Silica sand 0.7 5.2 4.7 0.9 4.8 2.9 2.5
D. Granite soil 4.1 16 9.7 16 13 12 8.2
Landfill cover soil 6.3 31 36 19 35 15 25

Bentonite 66 41 51 24 63 16 38
Gran. mordenite 140 660 420 620 530 370 400
Powd. mordenite 130 840 810 840 840 450 540

Large Cs distribution coefficient of soils is well-known (e.g. bentonite = 6,200 mL/g), 
but such a large distribution coefficient will not exhibit in landfill environment.
The reason is probably sorption inhibition by inorganic ions, such as K, Na, 
and so on. 
�	,���Cs*
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Technical issues on landfill of waste containing 
water soluble radio-Cs ���Cs���

• Cs leaching characteristic ���Cs�
�����������%

– Current regulation of landfill is prescribed by the 
concentration in solid, however, influence of Cs leaching 
amount on the landfill leachate quality is more significant. 

Followings are additional measures to prevent leaching.
• Sorption layer for radioactive Cs �
���

– Both high permeability in order to avoid over flow and high 
sorption ability are required simultaneously.

• Engineering barrier as an upper layer (partial capping)
– Yearly rainfall is 1,100 – 1,600 mm. ���#�!$�

• Solidification of MSWIA in order to reduce leaching speed
�"$ �	�

Page. 30



Notification from MOEJ

�����8,000Bq/kg����	�
���������

Page. 31

Soil layer

Barrier layer

Solidified 
MSWIA

Barrier layer

Leachate 
treatment facility

Soil layer

Solidified 
MSWIA

Leachate 
treatment facility

Soil layer

Solidified 
MSWIA

Leachate 
treatment facility

Disposing method of MSWIA with concentration of 8,000 – 100,000 Bq/kg
One method of the following

1) Installation of 
barrier layer

2) Long-term 
durability container 

3) Closed-system 
landfill site (with a roof)

Permeation barrier

Sorption Leaching inhibition

Sorption 

Permeation barrier

Leaching inhibition

Sorption 

Permeation barrier

31st, Aug., 2011

(specified waste)



Temporary storage
Incineration treatment
Landfill disposal
Interim storage ����
Contaminated soil recycling

32

Management procedures



Location of decontamination area and interim 
storage site ����
��
	������
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Interim storage site

Special 
decontamination area

Intensive contamination 
survey area



34

Transportation of the contaminated soilf from TSS to ISF

����
��
 
�� ����

����!"#$ �� �����

������	
National Institute for environmental Studies



Facility arrangement in 
interim storage site

Futaba

Okuma

Fukushima
Daiichi
NPP

Soil storage type I
Soil Storage type IIA
Soil Storage Type IIB
Wastes storage

Acceptation, selection, vol reduction
Additional for administrative, research, info.
Screening
Parking
Water treatment
Buffering
Boundary of interim site
Administrative boundary

MOE HP
35



The whole of interim storage facility 
composed of several facilities ������	��
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Temporary storage sites

Transportation

Receiving/segregation 
facility

Soil storage facility

Volume reduction 
facility (incineration)

Waste storage facility
Other facilities ( screening, wastewater treatment, 
stockyard, laboratory, information, etc.)



Operational status of the ISF

37



Pretreatment technology prior to the landfill storage
����
�	����

New system combining various technologies.
• Monitoring radioactivity of bags on a truck.
• Sliding down in a hopper.
• Bag breaking machine.
• Classification for combustibles and incombustibles.
• Incombustibles are classified into three categories depending 

on radioactivity.

Radioactivity measuring gate
Bag breaker

Separator

Combustibles

Scan-sort

Incombustibles
Classified into
Less than 8 kBq/kg
8 k – 100 kBq/kg
More than 100 kBq/kg

38

Cited from Ohbayashi Corp.



Soil storage facility type I
Low land
Cs < 8 kBq/kg

Soil storage facility type IIA
Hill
Cs > 8 kBq/kg

Soil storage facility type IIB
Hill
Cs > 8 kBq/kg

Wastes storage facility
Hill
Cs > 100 kBq/kg

MonitoringRain drain Cover soil

Permeable layer

MonitoringRain drain
Cover & water 
shielding soil

Drainage layer
Protecting soil
Water tight sheet

Gas leakage

Water treatment

Rain drain Cover & water 
shielding soil

Monitoring
Monitoring

Inspection
corridor 

Concrete wall for 
radiation shielding

MOE HP 39

Durable shielding 
storage container

Drainage layer

Water shielding layer

Ground water pipe

Water treatment

Ground water pipe



Temporary storage
Incineration treatment
Landfill disposal
Interim storage
Contaminated soil recycling �������
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Management procedures
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Application use in the soil recycling
Basic principle : limited utilization

Embankment

Coverage

Filling
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K�V!
Tolerable 
limit

}�F�GX�.DaicO�Hg]A
S\1mSvoN[bZ~O��?`	9
+c0.01mSv��o=
�
Additional exposure dose : <1mSv/y
}) $usqwf/d8,000Bq/kgc<
" corresponding to 8,000Bq/kg of r-Cs

}�F�GX�.DaicO�Hg]AS\
0.01mSvoN[bZ
Additional exposure dose for public and 
worker : 0.01mSv/y
}) $usqwf100Bq/kgc<"
corresponding to 100Bq/kg of r-Cs

9P
Application 
use

��(�~&lM^�o�nbZ0Q�
;he�9
Structural basis without land reformation 

Ykjm9Pc�9�E
No limitation for use

�.��
Project entity

���9cVm
Public entity (National government)

6cV�b^
No limitation

%�@7
Information 
management

T,:b@7\#I
Long –term management

6c#Ib^
No need

R92J
Regulation

) $5L��6�'B2
Act on Special Measures concerning the 
Handling of Radioactive Pollution

��3>J�2
Nuclear Reactor Regulation Law

W���e
8�9cU_m�-:C[*
~rypx|t{vzae�1�

Basic principle of the contaminated soil utilization comparing with “clearance level”

Limited utilization Non-limited utilization (Clearance level)



Demonstration project of contaminated soil 
recycling 
�����	�
�����
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Views of the demonstration project �1	
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Views of the demonstration project �2	
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Views of the demonstration project �3	
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Views of the demonstration project �4	



Technological challenge in the future
�������
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Main technologies

Necessity for R&D on volume reduction 
technologies 4�!<��a�V\(�
�AI3b�D�
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Contaminated 
soil and 
incineration ash

Volume reduction 
and separation of 
r-Cs

Large amount of much 
lower r-Cs level material 

Little amount of much 
higher r-Cs level material 

Utilization

Final disposal

J���_,�+ (�
�A
�*�1�.x�Hy

N*�1�.x�Hy
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Environmental renovation in 
Fukushima and sustainability
	�
������
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Environmental risk 
due to radioactivity
��!:>?�
E
B@

Social and economic 
aspects
��F ��%

Perceptional risk
�#EB@

Risk literacy
EB@ECDAG

Distrust for politics and science
��=��<;���

Conflict Local residents
����

Politics and 
administrative body
��F"�
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Ø���'��-�&
Social equity
Ø��$���-�&
Procedural equity
Ø�"-
*,+��1/74
Reliable project scheme
Ø�"�)#+��
Reliable technology

	������
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Risk governance strategy on the contaminated soil utilization



����
"�� Social equity
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Sharing social impacts brought from the contaminated soil 
utilization

���
���� '()&

Balancing the social impact and benefit of the soil utilization

����������! �� ����

Social consensus for significance of the soil utilization

���	���
National Institute for environmental Studies



������&� Procedural equity

54

�
�����#�


Consensus for consensus building procedure

����!�	#���#��"$%��

Discussion under coordination of a neutral-positioned third 
party 

)*('#���

Transparency of the consensus procedure

���
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National Institute for environmental Studies



�%.�+-,��30>9 Reliable project scheme
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����)�� Project by public entity
��!.�*�����	

Project management with supervising by the neutral third 
party
6<>28;5//:74;=1(�"�
Traceability and monitoring  
�
(#�


Information disclosure
$�� �'�
��

Long-term continuing information management
&(� etc.
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National Institute for environmental Studies



�"�'#(�� Reliable technology
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Authorized environmental quality standard 

�	�!��'����� 

Technical methodology to ensure the environmental quality
standard

������'��


Demonstration project 

%'� etc. 

���	���
National Institute for environmental Studies



Environmental renovation in Fukushima and sustainability
���
���������
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Learning from Fukushima experiences
����������

Socially matureness
���	�

Forward-looking efforts on reconstruction for the 
new stage in Fukushima



Sustainability in environmental policy
��	����������
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http://www.unic.or.jp/files/sdg_logo_en_2.pdf

Integrative improvement of environment, economy and society
����
�
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The Fifth Environmental Basic Plan newly established
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Masahiro OSAKO

Director of CMW
NIES, JAPAN

Thank you for 
your attention !


