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Motivation

1. Our projects

To obtain the perspective of assessing the evolution of
the long-term exposure situation after the Fukushima accident

2. Technical issues

Wide-area Cs contamination in the environment A
Prediction models for each land use Term @
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Ell J
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3. Improvements Iin this study

Prediction models: Bi-exponential functions using ecological
half-life components

=) Analysis of the uncertainty in the predictions
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Radiation monitoring campaigns for mapping

Car-borne surveys L
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Car-borne surveys inside the evacuation order areas
under the comprehensive monitoring plan
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Car-borne survey

@ Measurement of ambient dose equivalent rates and
GPS data per every 3-10 seconds using KURAMA
systems in a moving car

@ Immediate data transfer through a cellular phone
network

@ Conversion of ambient dose equivalent rates inside
a car to those outside of the car

KURAMA Car-borne survey
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Real-time display of car-borne survey data
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Car-borne survey using KURAMA

Ambient dose
equivalent rates

' Mar. 2012 =
Dose rates have decreased steadlily.

(Extending area for measurements using KURAMA.) @

= Jun. 2014
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Time changes of ambient dose equivalent rates
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Ambient dose equivalent rates above roads decreases much faster than those at undisturbed flat fields.

@



Prediction models for Cs distribution

" Prediction model (Gale et al. (1964)) R
Y(t) = Ao{afast exp('InZ/Tfast 1 ) B (1 'afast) eXp('mzrrslow i )}exp(-)\ ' t)
\ fast component slow component y
- where
Kg Jm,,. Y (t) : Ambient dose equivalent rate at time t,
| Bl A : Ambient dose equivalent rate at time zero,
§Xposu@7j s Ot - Fractional distribution of fast component,
[ Fast component ] [ Slow component ] T«  Ecological half-life for fast component,
— — T.ow . Ecological half-life for slow component,
[CS'”SC’"C"“tam'“a“"“] A : Physical decay constant

T and T, represent ecological elimination constants for the same compartment.

So far, T, and a., have been evaluated
using ambient dose equivalent rates from car-borne surveys.
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Ecological half-life T, of Cs for land-use
-QOutside the evacuation order areas-

Evaluated using data from car-borne surveys and ALOS*.

Cumulative frequency distributions Lognormal probability plots
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*Precise land-use, land-cover map using the advanced land

Differences in categories ! ; . .
observing satellite "Daich" (JAXA)

. The ecological half-life for fast component is useful to characterise local future
within the 80 km radius of the Fukushima Daiichi nuclear power plant. @



Ecological half-life T, of Cs for land-use
-Inside the evacuation order areas-

Evaluated using data from car-borne surveys and ALOS.

Cumulative frequency distributions Lognormal probability plots
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Based on whether or not the land use area falls under forest (deciduous and evergreen) areas.

. The model parameters in forest areas are different from those in other areas.
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Fractional distribution of fast component a._
-QOutside the evacuation order areas-

Evaluated using data from car-borne surveys and ALOS

Cumulative frequency distributions Normal probability plots
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. The fractional distribution of fast component largely depends on land use.
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Fractional distribution of fast component a.,_,

-Inside the evacuation order areas-

Evaluated using data from car-borne surveys and ALOS.

Cumulative frequency distributions Normal probability plots
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Based on whether or not the land use area falls under forest areas.

. The model parameters for areas where human activities occur is changeable.
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Validation of the long-term prediction models

Comparison between predictions and measurements
The eighth vehicle-borne survey data (from Jun. 23 to Aug. 8, 2014)
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Correlation coefficient:0.931
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Prediction values [ uSv/h ] (from Nov. 5 to Dec. 12, 2013)

The predictions agree within a factor of 2 with the actual data.
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Analysis of the uncertainty in the predictions

The uncertainties in predictions for the next 30 years after the accident
were assessed using Monte Carlo simulation of model parameter variability

[ Monte Carlo simulation with J

LHS(Latin Hypercube Sampling)
)
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Comparison of relative ambient dose equivalent rate

between predictions and measurements
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Normalized ambient equivalent dose rate [-]

Comparisons between predictions

@

and measurements (1/2)

Relative ambient dose equivalent rates outside the evacuation order areas
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The medians (the 50t percentile) of predictions are in good
agreement with data through car-borne surveys.
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Normalized ambient equivalent dose rate [-]

Comparisons between predictions
and measurements (2/2)

Relative ambient dose equivalent rates inside the evacuation order areas
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Almost all of data through the car-borne surveys are within
the prediction intervals. |
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Distribution maps of ambient dose equivalent rates
-5 years later after the accident-
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*Those distribution maps of ambient dose equivalent rates for the next 5, 10, 15, 30 years after the
accident could be created on knowledge that had been obtained in a government-commissioned
research project from the Nuclear Regulation Authority of Japan. @



Distribution maps of ambient dose equivalent rates
-10 years later after the accident-
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*Those distribution maps of ambient dose equivalent rates for the next 5, 10, 15, 30 years after the
accident could be created on knowledge that had been obtained in a government-commissioned
research project from the Nuclear Regulation Authority of Japan. @)



@v

Distribution maps of ambient dose equivalent rates
-15 years later after the accident-
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*Those distribution maps of ambient dose equivalent rates for the next 5, 10, 15, 30 years after the
accident could be created on knowledge that had been obtained in a government-commissioned
research project from the Nuclear Regulation Authority of Japan. @)
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Distribution maps of ambient dose equivalent rates
-30 years later after the accident-

90% CI lower limit value 90% CI upper limit value
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*Those distribution maps of ambient dose equivalent rates for the next 5, 10, 15, 30 years after the
accident could be created on knowledge that had been obtained in a government-commissioned
research project from the Nuclear Regulation Authority of Japan. @)
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Summary and future plans

Uncertainties in predictions for the next 30 years after the
accident were assessed using Monte Carlo simulations.

@ The ambient dose equivalent rates would be predicted
within a factor of approximately 2.

@ Distribution maps would be useful for follow-up of the
radiological situation.

@ The prediction models will be updated using new
ecological half-lives derived from car-borne, air-borne and

survey meters.

This study was conducted in a government-commissioned research project.
(Nuclear Regulatory Agency, Japan) |
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Radiological quality of the environment

in-situ gamma-ray
spectrometry using i
germanium detectors &

b
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of Cs in soil
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Kerma-rates
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rate in air (uGy/h),
ambient dose
equivalent rates
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Survey with
scintillation detectors

Model parameters were evaluated
using the changes in ambient dose equivalent rates. @)



Precise land-use, land-cover map
using the advanced land observing satellite "Daich" (JAXA)

Within the 80km radius of thin th . g
the Eukushima Daiichi NPP Within the evacuation order areas
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