Results of the Airborne Monitoring in the evacuation-directed zones
May 13, 2013
Radiation Monitoring Division, Nuclear Regulation Authority
Team in Charge of Assisting the Lives of Disaster Victims, Cabinet Office
1. Objective and details
We conducted airborne monitoring in restricted areas and the evacuation-directed zones in
June 2012, November 2012, and March 2013 in order to ascertain whether the amount of
radioactive material had changed (air dose rates and deposition of radioactive cesium) within
the zone 80km from TEPCO’s Fukushima Daiichi Nuclear Power Station as a result of natural
phenomena, such as the rainy season and typhoons. We measured air dose rates at a height of
1m above the ground surface and the deposition of radioactive cesium on the ground surface
and compared the results of this monitoring survey with those of previous monitoring surveys.
(The designation as restricted zones for part of the evacuation-directed zones is to be lifted on
May 28, 2013 (decided by the Nuclear Emergency Response Headquarters on May 7, 2013).)
2. Method
○ Items covered: Air dose rates at a height of 1m above the ground surface and the
deposition of radioactive cesium on the ground surface in areas surrounding the areas
under evacuation orders
○ Monitoring dates: March 4 to March 11, 2013 (13 flights in total)
○ Aircraft: a helicopter (Bell 412; Nakanihon Air Service)
○ Consigned to: Japan Chemical Analysis Center
3. Results and considerations
○ Attachment 1 is the “Air Dose Rates Map” showing the distribution of air dose rates at a
height of 1m above the ground surface in the evacuation-directed zones, compiled based
on the results of the airborne monitoring. Attachments 2 to 4 are the “soil concentration
maps” showing the deposition of radioactive cesium on the surface soil in the same areas
(see the attached reference for information on the preparation of the maps).
○ In preparing these maps, the results obtained from the survey were adjusted for decay as
of the final day of the airborne monitoring survey (March 11, 2013). The effect of the
movement of radioactive material due to rain, wind or other natural environmental factors
was not taken into account.
○ Portions of the targeted areas were covered with snow, etc. Previous monitoring surveys
have revealed that measured air dose rates are apt to be lower than their actual values at
points covered with snow, etc. due to shielding of gamma rays emitted from the ground
surface. Therefore, in order to show coverage with snow, etc., the relevant areas are
shown in white, enclosed by solid lines, on Attachments 1 to 4.
○ In order to identify areas covered with snow, we again used monitoring data(Note 1) from
NASA’s earth observation satellites, Terra and Aqua, which is available on JASMES(Note 2)
via the Japan Aerospace Exploration Agency (JAXA).
○ The details of Attachments 1 to 4 have been published on the Website to Enlarge
Distribution Maps of Radiation Doses, etc. (http://ramap.jmc.or.jp/map/eng/). Related
data is also published in the Database on the Research of Radioactive Substances

1

○

○

○

○

Distribution (http://radb.jaea.go.jp/mapdb/en/).
Figure 1 in Attachment 5 is a scatter diagram comparing the results of the fourth airborne
monitoring survey (as of November 5, 2011) and the results of this monitoring survey.
The diagram shows only the measurement results for areas under evacuation order, which
were the areas targeted in this monitoring survey (around 15,000 locations).
With regard to the straight line drawn by approximating the plots on the scatter diagram
using the least squares method, the slope is 0.58 and the coefficient of determination (R2)
is 0.93, showing a high degree of correlation. Based on these results, it can be said that air
dose rates have declined by approximately 40% over the course of about 16 months from
the time of the fourth monitoring survey (as of November 5, 2011) to the time of this
monitoring survey (March 11, 2013).
Figure 2 in Attachment 5 shows the relative values of the results of the three monitoring
surveys after the fourth monitoring survey and the results of this monitoring survey, based
on air dose rates measured in the evacuation-directed zones at the time of the fourth
monitoring survey. Measurement results from points at which any coverage with snow,
etc. was observed have been excluded. For reference, air dose rates calculated based only
on the physical half-life of radioactive cesium are also indicated.
Air dose rates evaluated based on the airborne monitoring results clearly show larger
declines than those calculated based on the physical half-life of radioactive cesium. The
reasons for such larger declines may include the effects of natural environmental factors,
such as rainfall.
When the rates of decline in the calculated air dose rates are compared, the rates found in
the actual measurement results for each monitoring survey vary. This may be due to
inaccuracy in the calculation of the dose-rate conversion factor,(Note 3) differences in the
measuring height, gaps in survey lines (differences in the sizes of the measured areas), or
other factors. In order to continue ascertaining declines in air dose rates, etc., we must
make a continued effort to further improve our measurement methods.

Note 1 Results of JAXA’s analysis of the data on snow coverage around Japan obtained through optical sensors
mounted on NASA’s earth observation satellites, Terra and Aqua, using a JAXA-developed processing
algorithm. The data can reveal even snow coverage of at least 5cm in depth, but may fail to accurately
judge thinner snow coverage depending on the ground surface conditions.
Note 2 Abbreviation of “JAXA Satellite Monitoring for Environmental Studies”
Note 3 The dose-rate conversion factor is the factor for converting the air measurement results (count rates)
into air dose rates. The factor is calculated by comparing count rates measured in the air above flat test
points where air dose rates remain constant with air dose rates measured on the ground. As the factor
varies depending on types of helicopters used and installation positions of detectors, calculation is
conducted anew for each monitoring survey.
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Air Dose rates Map of the evacuation-directed zones
(Air dose rates at the height of 1m above the ground surface)
(As of March 11, 2013)

Attachment 1

Soma City
Date city

Iitate Village
Minami-soma City

Kawamata Town

Katsurao Village

Namie Town

Futaba Town
Fukushima Dai-ichi
NPP

Legend
Air dose rates over 1 meter
above ground level (μSv/h)
[Compensated value as of
Mar 11,2013]

Okuma Town

Tomioka Town
Kawauchi village

Naraha Town

Areas where readings were not obtained
Snow coverage (Mar. 3-11, 2013)
Only in Miyagi and Fukushima prefectures
JASMES: Japan Aerospace Exploration Agency
(JAXA)
* This map contains air dose rates by natural
radionuclides.

the evacuation-directed zones
(as of May 28, 2013)

Iwaki City

Hirono City

Background image: Denshi Kokudo

*1: Measurement results have been adjusted for decay as of the final day of the measurement in the evacuation-directed zones
(as of March 11, 2013).
*2: White areas enclosed by solid lines are areas covered with snow, etc.
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Soil Concentration Map of the evacuation-directed zones
(Total deposition amount of cesium 134, 137 on the ground surface)
(As of March 11, 2013)

Attachment 2
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Futaba Town
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Fukushima Dai-ichi
NPP

Total accumulation of Cs-134
and Cs-137 (Bq/m2)
[Compensated value as of
Mar 11,2013]

Okuma Town

Tomioka Town
Kawauchi village
Areas where readings were not obtained

Naraha Town

Snow coverage (Mar. 3-11, 2013)
Only in Miyagi and Fukushima prefectures
JASMES: Japan Aerospace Exploration Agency
(JAXA)
*Areas where a significant amount of energy spectra from
radioactive cesium was not detected are identified, and these
areas are indicated on the map as areas in which radioactive
cesium are within the minimum range (10kBq/m2).

the evacuation-directed zones
(as of May 28, 2013)

Iwaki City

Hirono City

Background image: Denshi Kokudo

*1: Measurement results have been adjusted for decay as of the final day of the measurement in the evacuation-directed zones
(as of March 11, 2013).
*2: White areas enclosed by solid lines are areas covered with snow, etc.
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Soil Concentration Map of the evacuation-directed zones
(Deposition amount of cesium 137 on the ground surface)
(As of March 11, 2013)

Attachment 3
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Deposition amounts of Cs-137
(Bq/m2)
[Compensated value as of
Mar 11,2013]

Fukushima Dai-ichi
NPP

Okuma Town

Tomioka Town
Kawauchi village
Areas where readings were not obtained

Naraha Town

Snow coverage (Mar. 3-11, 2013)
Only in Miyagi and Fukushima prefectures
JASMES: Japan Aerospace Exploration Agency
(JAXA)
*Areas where a significant amount of energy spectra from
radioactive cesium was not detected are identified, and these
areas are indicated on the map as areas in which radioactive
cesium are within the minimum range (10kBq/m2).

the evacuation-directed zones
(as of May 28, 2013)

Iwaki City

Hirono City

Background image: Denshi Kokudo

*1: Measurement results have been adjusted for decay as of the final day of the measurement in the evacuation-directed zones
(as of March 11, 2013).
*2: White areas enclosed by solid lines are areas covered with snow, etc.
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Soil Concentration Map of the evacuation-directed zones
(Deposition amount of cesium 134 on the ground surface)
(As of March 11, 2013)

Attachment 4
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Legend
Deposition amounts of Cs-134
(Bq/m2)
[Compensated value as of
Mar 11,2013]

Fukushima Dai-ichi
NPP

Okuma Town

Tomioka Town
Kawauchi village
Areas where readings were not obtained

Naraha Town

Snow coverage (Mar. 3-11, 2013)
Only in Miyagi and Fukushima prefectures
JASMES: Japan Aerospace Exploration Agency
(JAXA)
*Areas where a significant amount of energy spectra from
radioactive cesium was not detected are identified, and these
areas are indicated on the map as areas in which radioactive
cesium are within the minimum range (10kBq/m2).

the evacuation-directed zones
(as of May 28, 2013)

Iwaki City

Hirono City

Background image: Denshi Kokudo

*1: Measurement results have been adjusted for decay as of the final day of the measurement in the evacuation-directed zones
(as of March 11, 2013).
*2: White areas enclosed by solid lines are areas covered with snow, etc.
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Attachment 5
Declines in Air Dose Rates in the evacuation-directed zones Orders after the Fourth Airborne Monitoring Survey

The fourth
monitoring
survey (Nov.
5, 2011)

Fourth/Restricted areas,
etc. (Mar. 11, 2013)

Air dose rates (relative values)

This airborne monitoring survey (Mar. 11, 2013)

○ Figure 1 shows the results of the fourth airborne monitoring survey and this airborne monitoring survey. Figure 2 shows the relative values found
in previous and the most recent airborne monitoring surveys, compared with the results of the fourth airborne monitoring survey. Only data for areas under
evacuation orders has been extracted and data from locations at which snow coverage has been observed has been excluded.
○ Air dose rates have declined by approximately 40% over about 16 months from the time of the fourth monitoring survey to the most
recent monitoring survey.

the restricted zone and the
Zone preparing to lift
the evacuation directive
(Feb. 10, 2012)

The fifth monitoring
survey (Jun. 28, 2012)

The sixth monitoring
survey (Nov. 16, 2012)
The restricted zone and
the evaciation-directed
zone (Mar. 11, 2013)

Air dose rates measured in the airborne monitoring surveys, compared with the results of the fourth airborne monitoring survey
Air dose rates calculated based only on the physical half-life of radioactive cesium

Number of days from November 5, 2011

The base dates of the respective airborne
monitoring surveys are indicated in
parentheses.

Figure 2: Changes in Air Dose Rates Measured in Airborne Monitoring Surveys, with
図２：第4次モニタリグの空間線量率を1とした航空機モニタリングにおける空間
the Results of the Fourth Monitoring Survey Set as 1
The fourth airborne monitoring survey (Nov. 5, 2011)

図１：第4次航空機モニタリングに対する今回のモニタリングの結果

Figure 1: Results
of This Monitoring Survey Compared with the Results of the
（避難指示区域における同じ地点を比較したもの）
Fourth Airborne Monitoring Survey
(Comparison of Results at the Same Points in the evacuation-directed zones)
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Preparation of Distribution Maps of Air Dose Rates and Maps of Radioactive Cesium
Concentrations in Soil
○ The flight altitudes were approximately 300m above the ground, and the values for this
monitoring survey are the averages of the measured values in circles with a diameter of
around 600m (varies by flight altitude) below the aircraft.
○ The width of the track was around 1.85km.
○ In order to prepare distribution maps of air dose rates, we first obtained the dose-rate
conversion factor based on the relationship between count rates (cps) measured above the
test line established within the monitoring areas and at locations at which the helicopter
hovered and air dose rates (μSv/h) at the height of 1m above the ground measured around
the test line and at locations at which the helicopter hovered using NaI scintillators, and
then calculated air dose rates at the height of 1m above the ground by multiplying the count
rates measured in the air above the respective measuring points by the dose-rate conversion
factor.
○ Maps showing the deposition of radioactive cesium were prepared by first assessing the
characteristics of energy spectra of gamma rays measured in the air by type of helicopter
and measuring equipment used, and then sorting out areas where the energy spectra of
radioactive cesium (Cs-134 and Cs-137) were detected significantly and those where they
were not. The details are as follows (See Attachment 9 of the “Results of Airborne
Monitoring Survey by MEXT in the Kyushu Region and Okinawa Prefecture” (published
on May 11, 2012) for details).
(i) Areas where the energy spectra of radioactive cesium were detected significantly
・In order to calculate detailed radioactive cesium deposition amounts, the method newly
adopted in the airborne monitoring surveys of the western Japan and Hokkaido to assess
the influences of natural radionuclides in detail based on information on the gamma ray
energy spectra measured in the air was also adopted in this monitoring survey.
・Based on this method, deposition amounts of radioactive cesium were calculated by
deducting the contribution by natural radionuclides from measurement results of air dose
rates at respective measuring points, and also based on the correlation between air dose
rates and the results of the in-situ measurement* using germanium semiconductor
detectors, which was conducted by the Japan Chemical Analysis Center in the course of
the project, the 2011 Strategic Funds for the Promotion of Science and Technology,
entitled “Establishment of the Base for Taking Measures for Environmental Impact of
Radioactive Substances — Study on Distribution of Radioactive Substances” (June August 2011).
* In-situ measurement using germanium semiconductor detectors: Means to analyze
the concentration of radionuclides accumulated in soil by installing transportable
germanium semiconductor detectors in the environment and detecting gamma rays
that are emitted from radiation sources distributed in soil.
(ii) Areas where the energy spectra of radioactive cesium were not detected significantly
・In the same manner as before, they were indicated on maps as areas showing the
minimum range of radioactive cesium (≤10kBq/m2) for the sake of simplicity.
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