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•Status of off-site Fukushima remediation and 
the management of waste and soil

• Overall goals of workshop (➢Session 1)

• How to assess Cs movement and its future effects on 
the environments ? (➢Session 2 & 3)

• How to involve the public to resolve difficulties?
(➢Session 4 a & b) 

• How to treat wastes generated by decontamination to 
reduce their volume ? (➢Session 5)

• What can scientists do to address these concerns?



3

Status of off-site Fukushima 
remediation and the management of waste 
and soil

- Radioactivity measurements/Cs distribution
- R&D for implementation of decontamination
- Studies of Cs behavior
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Status of

Radioactivity 
Measurements/
Cs Distribution
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Autonomous Unmanned HelicopterAerial radiation monitoring

Airborne Monitoring 

Camera Detector

Dose rateCs deposition

Decontamination area

Detector

UAV – unmanned aerial vehicle
FW – fixed wing
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Dose Rate Distribution as a Function of Time
- Measurements by aircraft monitoring -
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After 24 months※

(2013.03.11)
After 20 months

(2012.11.16)
After 30 months

(2013.09.28)

※White parts surrounded by solid line are snow covered zones

After 7 months
(2011.11.05)

After 15 months
(2012.06.28)

After 11 months※

(2011.02.10)
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● 19.0 <
● 9.5 – 19.0
● 3.8 – 9.5
● 1.9 – 3.8
● 1.0 – 1.9
● 0.5 – 1.0
● 0.2 – 0.5
● 0.1 – 0.2
● ≤ 0.1

Air dose rate at 1m 
height above the 
ground  (μSv/h)

※White parts surrounded by solid line are snow covered zones

4th Monitoring 4.5th Monitoring 5th Monitoring

6th Monitoring 6.5th Monitoring 7th Monitoring
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Elapsed days after the accident

AMS monitoring

Half life

4th
11/5‐2011

4.5th
2/10‐2012

5th
6/28‐2012

6th
11/16‐2012

6.5th
3/11‐2013

7th
9/28‐2013

8th
11/19‐2013

Decrease in Dose Rate
- Time variation of air dose-rate at 1-m height above the ground -

Time variation of the mean dose rate of the area shown in the previous page 
(on the basis of measurements with the fourth aerial monitoring)
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Status of

R&D
for Implementation of 

Decontamination
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Decontamination Pilot Projects
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Clean-up of Roads and Pavements

 high pressure water

road cleaner

 blasting

Ice blasting
Iron shot blasting

 surface stripping
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Clean-up of Houses
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Clean-up of Farmland

 plow

hardening

 topsoil removal

 turf stripping
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Clean-up of Trees and Forest

 weeding
 removal of leaf mold
 clipping
 water horsing 

clipping clipping

water jetremoval of leaf moldcuring
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Post Decontamination Monitoring

From MOE HP
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Temporary Storage of Waste

Drainpipe

Impermeable 
layer or liner 

sheet

Protective layer
（Supplemental 
layer for water 

collection）

Impermeable 
layer or liner 

sheet

Tank for checking of 
radioactivity 

concentration of 
seeping water

Embankment or 
sandbags for shielding

Flexible container bags

Gas discharge

Temporary storage under construction
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Decontamination Implementation

➢Special Decontamination Area
(＞20 m㏜/y) ：11 Municipalities
by National Government

➢Intensive Contamination Survey 
Area (1 to 20m㏜/y) :
100 Municipalities, 8Prefecturs
by Each Municipality 
Funded by Government

➢Based on the Guidelines for 
Decontamination Works
Issued by 
Ministry of the Environment Guideline for Decontamination
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Special Decontamination Area and
Intensive Contamination Survey Area

Reference: Ministry of the  Environment Government
Off-site Decontamination Measures

WWW Document,http://josen.env.go.jp/en/documents/pdf/documents_02.pdf
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Rearrangement of the Evacuation Area

Ahead of the decontamination in 
Special Decontamination Area,
the evacuation areas have been 
rearranged in August 2013.

From MOE HP
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Before & After the Decontamination Work 

Tamura city, from MOE HP
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Illustration of Interim Storage Facility

From MOE HP
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Status of 

Studies on Cs Behavior
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➢Cs Migration from and Countermeasures for 
Untreated Forest

➢Volume Reduction of  Waste Generated by 
Decontamination

➢Waste Storage and Disposal

➢Possible Recontamination Processes

Based on Understanding of Cs Behavior in the Environment:
In many cases may be dominated by sorption on clay 
minerals in the soil zone

Further Studies Needed for Decontamination work
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Fukushima-TRACE Project

⇨Studies on Cs Transport in the
Forest~ River 
~ Reservoir (Dam, Lake)
~Estuary System.

Long-term assessment of Transport 
of RAdioactive Contaminant in the 
Environment of Fukushima
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Current Research Area for River Systems

24
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Localities of soil sampling

 Soil sampling by scraper
plate

 Up to 20 cm depth
 1 cm intervals until 10 cm

depth, then 2 cm intervals

Ogi Dam

litter litter

litter

100 m
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• More than 90% of Cs remains within 5 cm topsoil depth 
including the litter layer (~2 y after the accident).

Depth Profiles of Cs in Forest Topsoil
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A

B

Radiation Measurement
by Autonomous Unmanned Helicopter

Caesium deposited at flood channel 
during flood
⇒Remediation planning

Ratio (B/A)

March, 2012

Oct., 2012

Ukedo
River

Takase
River
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Comparison between Measurement 
and Modeling of Cs Transport

Modeling by 2D River Flow Model
iRIC（International River Interface Cooperative）

Measurement: Evolution Ratio of Does 
Rate by Autonomous Helicopter

Modeling: Sediment 
Deposition by iRIC
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Reservoir Investigation: 
Radiation Measurement of Pond Soil

Inlet

Inlet

Time interval：100 s
Time required for all 
measurements：2d

Time interval：100 s
Time required for all 
measurements：4d

Measurement at Pond, 
Fukushima Univ.

Plastic Scintillation Fiber（PSF）
・Line Measurement
・Widely Measurable at a Time

Underwater Gamma-ray 
Spectrometer（J-SubD)
・Point Measurement 
・High Resolution
・Spectrum Measurement
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Behavior of Cs in the Forest to Dam Lake 

Throughfall：
～2 Bq/L

Stem flow：
～20 Bq/L

Annual discharge of Cs by runoff：
approx. 0.2% of the total amount of Cs in the topsoil

Solble Cs in the 
lake water：
< 0.01 Bq/L

Overview of observation 
results in Ogi region of 
Kawauchi village. 
Cs-137 concentrations 
were also shown.

Surface of topsoil：
～30 kBq/kg

Surface of bottom：
～10 kBq/kg

Maximum peak at several 
tens cm depth in the 
bottom sediments
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Behavior of Cs in the Dam Lake, River System and Estuary

Soluble Cs in the lake water：
0.12 Bq/L

Surface of bottom：
100～200 kBq/kg

Estuary 
sediment (silt)：
1～5 kBq/kg

Maximum peak at several 
tens cm depth in the 
bottom sediments.
→ large size fraction.

Overview of observation results in Ukedo
river system of Namie Town. 
Cs-137 concentrations were also shown.

Depth profile of Cs concentration in the bottom 
sediment of Ogaki dam lake.

Evolution of dose rate distribution in 
the flood plain.

30

Flood plain：
～100 kBq/kg
（no～slightly increase）

River bed:
～10 kBq/kg
（decrease）

Maximum peak at several 
cm depth in the bottom 
sediments.
→ small size fraction.
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137Cs Sources to the Environment in PBq (1015 Bq)

Global fallout (1950‐1993) a

Chernobyl (1986)b

Reprocessing plants (1950‐1997)a,c

a UNSCEAR (2000)
b UNSCEAR (1993)
c Smith et al. (1993) J. Environ. Radioact. 68, 193‐214.
d Kobayashi et al. (2013) J. Nucl. Sci. Technol. 50, 255‐264
e Otosaka and Kato (2014) Environ. Sci.: Proc. Impacts 16, 945‐1156
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Atmospheric deposition 13

Ocean 11

Direct ocean discharge 4

Sea water 10.8←marine sediments 0.2e

Coast (0‐200m) 0.19

Offshore 0.01

Land 6

Fukushima Dai‐
ichi (2011)d

11

0.2e

Otosaka (2014) Buesseler (2014)
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➢Clear importance of understanding Cs behavior that 
will support development of practical ways for…

・Long-term assessment of the impact of Cs from
untreated forest 

・Reducing waste generated during cleanup

Summary of Status

➢Continuous / focused/practical R&Ds are needed to 

decrease uncertainties and provide optimal 

countermeasures to assure a safe future for 

Fukushima based on international experiences. 
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Overall Goals of the Workshop

• Integrate and share recent developments in 
Fukushima restoration and identify key issues

• Understand the status of research investigations and 
modelling of Cs migration in the environment

• Provide a perspective on volume reduction of waste 
and soil generated by decontamination work

• How to involve the public ?: communication issues 

- Tritium problem

- Forest management

- Volume reduction of waste (reuse)
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Session 2 – Discussion Points

• Understanding Cs movement in the environment

via data ａｃｑｕｉｓｉｔｉｏｎ and modelling

• The status and QA; for example,

-Countermeasures to mitigate Cs transport such as

particulate collection/filtration techniques

-Analytical method : lowering the detection limit of 

Cs-137

• Status of technologies for the restoration of 
agricultural land
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Session 3- Discussion Points

• Status of model development such as applicability, 
reliability

• How to verify/validate the models ?

• How to use models for contribution to the assessment 
of the external/internal dose rates after 
decontamination ?

• How to use models to validate countermeasures for 
contribution to  the revitalization of agriculture ? 
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• Tritium management
What’s the realistic resolution based on the state-of-the-
art understanding of potential impacts on the Fukushima 
fishery industry and the technology supporting 
assessment of  different management options ?

• Forest management
What’s the realistic resolution to mitigate concerns of the
people living in forest areas, working in forestry and 
consuming forest products, with consideration of reviving
the important Fukushima forest industry ?

Session 4a- Discussion Points
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• How to improve / facilitate involvement of the public to
optimise forest, river and waste management (including 

storage, recycling and disposal) ?

• What should be the role of experts  ?

• What should be the role of mass-media ?

• What should be the role of education ?

• What should be the role of politicians ?

• • • • •

Session 4b – Discussion Points
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• What’s the holistic approach to reduce the waste 
generated by decontamination ?

•Effects of organic  matter

•Longevity of temporal storage

•Development of final reuse/recycle and disposal options

Session 5 – Discussion Points


