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Understanding off-site release
]

/" Radioactive releases in the

environment started on
March 12, 2011, and the
significant discharge phase
ended at midnight on March
25 (IRSN, 2011)
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Understanding off-site release

Deposition due to the plume from the unit 1
can be distinguished by comparison of the

134Cg /137Cs activity ratios

134Cg/137Cs activity ratio

15 Air dose rate (1m height)
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Flat fields

(Within 80km radius from 1F except decontaminated areas)
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Development of a predictive model

dose rate (relative)
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® An empirical approach to allow prediction of the dose rate distribution based on statistically

analysed results of the environmental monitoring data accumulated in the projects

® The time-dependent decrease of air dose rate in any specific setting can be approximated by
a combination of two exponential functions, representing “fast” and “slow” reduction rates
® Analysis linked to geostatistical data shows that the environmental half-life clearly depends

on land use
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Estimation of individual dose

The current simple model approach

['Air dose rates measured by radiation monitoring (e.g. aerial survey) (uSv/h) ] X
I ( people spend 8 hours a day outdoors and 16 hours a day indoors) X a shielding factor of 0.4 for indoors |
X 365days+—1000 = Individual dose (mSv/y)

-~

A flexible model approach tailored to specific lifestyles and locations (Takahara, 2013)

lLocation-specific air dose rates (uSv/h) | X
[ Amounts of time spending indoors or outdoors depending on occupation] X [ Dose reduction coefficient]
X 365days <1000 X [ The ratio of personal dose rates to air dose rates Individual dose (mSv/y)

Difference of lifestyle

-

)

(

B Distribution of radiocaesium aeposition

{Weathering effects

- o A Wooden h 12nd floor|( ¢
7 ooden house S E
(-] "”"3..' "" % *g 0
B Amount of time spent indoors or gj-.
outdoors depending on occupation 23" -
B Variations in does rates depending on 11st floor E g
the type and location of work ge” %;:,‘éf
\ - — j Dose :’.’.g o p -
Dose reduction coefficient . 28
( \ Reduction factor; 0.42 at center in the 1% floorl-Ilgh EE
B Shielding effect and filtering effect r . a0 B o
depending on construction type and Concrete wall 8 Cumulative air dose at 1m height
time spent indoors - — 2z measured'by survey meter (mSv)
> Differences in dose reduction M
‘j depending on lifestyle and type of
0"' accommodation )

Location-specific external exposure

o -
s iy

Entrance

Reduction factor; 0.10 2Treatment room)
0.02 (X-ray room) Low

Takahashi (JAEA, 2013) /

on the surface (ground, pavement etc.)

J




Radiocesium deposition in mountainous forests

-understanding a relationship between radiocesium deposition and topography -

Lighting pattern in the 3D surface map

0.5
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0.1

Andoh et al. (2015)

® Radiocesium deposition is strongly affected by an

east wind in this catchment (shadow effect)

® Proportional relationship between the air dose rate

and elevation on the east-facing slope

® Aerosol interception by mountainous forests is

greater for dry deposition than for wet deposition

More investigations on the distribution of air
dose rates on a catchment scale are necessary
under varying deposition conditions to
understand the general relationship between air
dose rate and topography (elevation/slope) for
appropriate forest managements



The time-dependent decrease of air dose rates along a river system
Aerial survey results along Ukedo river
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Development of a technical basis
for strategic off-site response
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Key transport behavior of radiocaesium (F-TRACE)

trjnsport SELEL

In forests ® Deposited Cs tends to bind
=> evaluate external irradiation of strongly to soils, especially

forestry workers in the forest
=> apply to evaluate cycle of Cs in
forest ecosystem Py

clays

: Annual discharge of
| N radiocaesium from the

In water system topsoil of the mountainous
=> apply to evaluate Cs uptake by P

)0 A8 4o KB vegetation / fish forfast by runoff erosion was
Transport Lk A&, , estimated to be 0.1% of the

Sedimen-

tation In farmlands and total inventory in the topsoil

residential areas
=>» evaluate external
irradiation in the biosphere

Soil loss
by runoff

® Accumulation of
radiocaesium in the river
system was found on flood
plain and in dam / lake
sediments

Transport / - )
accumulation in NCGURT e ® Limited amounts of fine
river system . Nl 2 5 il e particles such as clay could
Yy be discharged from dams to
downstream rivers

Transport
by ocean
currents
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Cs behavior in the environment;
- mountainous forest, dams / lakes, river system -

Annual discharge by runoff: _ T , 7
~ 0.1 % of Cs in the topsoil N 5

(observed in the plot) Wiises i River ‘
Suspended solids (SS): 10-50 kBq/kg |

Surface of floodplain: 10-30 kBq/kg | =~ _u?g@‘,saw e
Surface of river bed: EBKBOIRENN S -

Fukushima
Dai-ichi NPP

9

Rainfall in the forest:
~ 2 Bg/L

Stem flow:~ 20 Bq/L

Lake water: . - .
The location of investigated areas in
< 0.01 Bg/L (soluble)

. Oginosawa river basin
Forest Surface of topsoil: - .
— P Fig.1b) Fig.2 Lake Surface sediment:

~ 30 kBq/kg Fig.3a) ~ 10 kBq/ke Cs concentration in

Fig.3 b) -
Overview of 137Cs behaviors in Oginosawa river basin after ~ 2.5 y since the accident dam lake water is
extremely low

Most Cs exists within 5 cm
from the ground surface
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Fig. 1 Depth profiles of 137Cs in the topsoil of Japanese cedar Fig. 2 Evolution of distribution profiles of 137Cs in the
forest beside the Ogi dam lake on Jan. 2013 of dose rate on the floodplain bottom sediment of the
of the Oginosawa-river. Ogi dam lake on Jan. 2013
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Aqguatic ecosystems (1)

137Cs deposition in flood plain

Guidelines

Implement decontamination focused on the
living environment of residents (riverbanks and
ponds)

For riverbanks utilized as parks or playgrounds,
decontamination needs are assessed based on
comparison of ambient doses with those in
surrounding environment; if ambient doses
significantly increase due to a heavy rain, the
situation is reassesed

For relevant ponds, when ambient doses
significantly increase due to drying out,
assessment of whether decontamination is
needed or not

Long-term planning based on a perspective of
attenuation of radiation in aquatic ecosystems,
continuous monitoring of radiation doses; this
is supported by investigations of radio-Cs
behavior in the environment

Promote risk communication with residents and
other stakeholders
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Simulation of Sediment inflow

wosoinen - AQUAtIC @cosystems (2)

(Deposition of sand, silt, and Observed Cs concentration in
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Radiocaesium accumulation
in seafloor sediments (1)

Expected accumulation processes of radiocaesium in the coastal region
Open

1
1 -
Land i Coastal region (<200m) ocean
137Cs sources to the environment Riverine/Atmospheric input FOREEEEE N
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Rgdiocaesium aqcumulation
in seafloor sediments (2)

Number of samples Excess ratio %
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Overview of 137Cs flux from each catchment of
Ukedo River basin

Annual erosion rate of 3’Cs of the forest topsoil is More than 90% of radiocaesium flowing into the
around 0.1% Ogaki dam lake was sedimented in the lake
Ukedo riv. upstream e AT | faen
7 Z { AR ) Air dose rate
b 5N )
184 TBq others Y. \“\ . G i (Sv/h)
- Y - M =
: 0.54 TBq/y /| % f % 3 Vi = - 0000
~ 4 ‘\,/ ”’auk d ° 4 : 1 é’ﬁ ~ 3.8—95.
Forest 152 TBq y & e | O Iiv. N . »1 g o %g: ig
— forest \ S a -t TES6s Wi 7 0.5-1.0
- I
C_ 015Tealy / (o .. > Ogaki-dam bz 0i-03
| it e b S e AN A B =01

Ukedo riv. downstream
60TBqg . o

| )
Forest 38 TBq g—
—,

Takase riv. R

127 TBq__
—

Forest 106 TBq
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Forest management strategy

® Zoning for selecting An image of zoning

appropriate countermeasures
against heterogeneously
contaminated mountanous Y
forests

» Efficient measurements of air
dose rates in higher resolution

Q

A

present 10 years after 30 years after

Forecast air dose rates in future [uSv/h]

using low altitude aerial based on understanding measured RS
survey ' dgta and their time dependency Eigiiizﬁ

| Rt

» Forecast when restriction on

the use of forest products can
be lifted

Nov. 2011 March 2016
(5 years after the 1F accidents )18
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Cs removed or Reuse . !
reduced materials g -
Soils & wastes Volume Reduction : _
Cs accumulated Wet particle-size Chemical Heat treatment
materials ‘ Final disposal separation treatment
16~22Mm3
current estimation Incineration Facility R&D Facility Public Information Center

2
‘P(‘ A

— @ Clean-up efforts are generating
huge volumes of contaminated
soil and waste, which must be

Y i managed in a safe and cost-
sesspentett effective manner, wherever
possible implementing waste

10 ............ s mmsmmsas

o 7

...... .10.35Mm3.................

Volume (Mm3)
(0]

10.06Mm3 volume reduction
e ® Future reuse of soil for
_ construction purposes is an
1.55Mm3 important option, if constraints
0 0.01Mm3 0.02Mm3 in terms of allowable organic
Below Over Over ~ncinerated ~ Waste in and clay content can be
8kBq/kg  8kBq/kg  100kBa/kg ash over countermeasure
below 100kBq/kg area over managed

' 100kBq/kg , 100kBq/kg

Contaminated soil and wastes 20




Decision tree for volume reduction and reuse

of soils and wastes

Reuse

F ‘ gy e
A s m,,.‘v < 1. =, 4 “
v G| T

Cs removed
- or reduced
Reusable Volume materials
without reduction
eatment?
Cs
accumulated
materials

easible for

volume
‘ Wion’
Decision criteria ™

® (Cs concentration

Decision criteria

® Feasibility to treat large \
volumes, efficiency & cost

® Demand ® Cs concentration in treated
® social acceptability etc. materials
\ J No ® Meeting requirements on
reusable materials
® Demand

\0 Social acceptability etc. /

Final
disposal

2
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Publishing of Databases

Distribution Map of Radiation Dose

http://ramap.jaea.go.jp

Database of Radioactive Materials

Distribution

http://radioactivity.nsr.go.jp/ja/index.ht

ml

User-friendly tools for data analysis

and visualisation
http://emdb.jaea.go.jp/emdb/
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To show temporal change in air dose rates etc.
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Integrated decision support system for appropriate remediation and management options

Revitalisation of the essential forestry,
agriculture and fishery industries

Support municipalities planning for
accelerating the return of evacuees

Lifting the evacuation order

N

Understanding current and future Cs Appropriate options for forest/ Lifestyle-specific individual
uptake into local food stuffs dam/river managements dose estimation

= T Multi attribute decision analysis
= ® Evaluate effectiveness and efficiency of actions
applied to the exposure pathways to humans

-

Field
investigation

Knowledge base
A ® Understanding of the movement of
radiocaesium in the environment
/> ) ® Analysed results of the environmental é Mechanistic
monitoring data model to assess
radiocaesium
transport
Aerial and A statistical F-TRACE database processes
model to ® Data/information to assess radiocaesium
I:: forecast the transport processes _I
dose rate @
distribution
. o ”/f”fj} Environmental monitoring/ mapping
Mapping el database
LR E R EL 2 ZR R REORITITE ® Air dose rates/ radiocaesium deposition
\ j ® The distribution and evolution of local dose rates




Development of a technical basis

for strategic off-site response
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Use of knowledge and experience gained from the

Fukushima Daiichi accident to establish the technical >
basis for strategic off-site response

English report is available here
http://dx.doi.org/10.11484/jaea-review-2015-001
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2. Knowledge
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