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Distribution of Dose Rates Due to Fallout from
the Fukushima Daiichi Reactor Accident
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A number of dose rate data taken after the Fukushima Daiichi reactor accident occurred have been col-

lected through official websites of prefectural governments. Subtracting natural background dose rates from

these data, contributions due to fallout alone were evaluated. A train-borne survey was carried out to verify

the accuracy of the contour map. The dose rate variation pattern obtained by the survey coincided fairly well

with that of the map.
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1.

Introduction

For the purpose of presenting a contour map
showing y-ray dose rates due to radioactivities
released by the Fukushima nuclear reactor ac-
cident, a total of 821 data have been collected
through official websites of prefectural govern-
ments. Background y-ray dose rates are sub-
tracted from these data to derive increments
above background levels. Next, an inverse dis-
tance weighted technique 1s applied to the
background-subtracted data to obtain a con-
tour map. Finally, train-borne measurements
are compared with the map data in order to
verify the validity of the map.

2. Basic data

Table 1 gives a list of uniform resource loca-
tors where we cited to collect basic data. Fig-
ure 1 shows the sites surveyed by the prefec-
tural governments listed in Table 1. The meas-
urements were carried out during the period

21 May — 4 August, 2011.

The original data were taken with various
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Table1 Websites accessed for col-
lecting basic data

http://www.pref.aomori.lg.jp/
http://www.pref.iwate.jp/
http://'www.pref.miyagi.jp/
http://www.pref.akita.lg.jp/
http://www.pref.yamagata.jp/
http://wwwcms. pref.fukushima.jp/
http://www.pref.ibaraki.jp/
http://www.pref.tochigi.lg.jp/
http://www.pref.gunma.jp/
http://www.pref.saitama.lg.jp/
http://www.pref.chiba.lg.jp/
http://www.metro.tokyo.jp/
http://www.pref.kanagawa.jp/
http://www.pref.niigata.lg.jp/
http://www.pref.yamanashi.jp/
http://www.pref.nagano.jp/
http://www.pref.shizuoka.jp/
http://www.pref.toyama.jp/
http://www.pref.gifu.lg.jp/
http://www, pref,aichi,jp/
http://radioactivity.mext.go.jp/
jai/monitoring_by_prefecture_survey_meter/

types of survey-meters. We, however, just ac-
cept the values of original data, assuming that
these 1nstruments have already been cali-
brated adequately (Approximation 1).

Those data are represented in units of Gy or
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Fig.1 Map showing the surveyed sites.

Sv. As for Sv, we use a conversion factor 0.82
evaluated by Moriuchi et al.? to convert it into
Gy. Although the value 0.82 is for a natural en-
vironmental y-ray spectrum, we adopt this as
an approximate value for the fallout spectrum,
too (Approximation 2).

In order to evaluate the dose rate due to fall-
out alone, we have to subtract a background y-
ray dose rate from a total dose rate at each site.
Minato? has given a map showing background
y-ray dose rates in the Japanese Islands. These
data were taken on/over soil surfaces. On the
other hand, the prefectural governments’ sur-
veys were performed at a variety of situations
in addition to soll, e.g., park, school-ground, and
paved-road. Nevertheless, we use Minato’s
background data (Approximation 3) for con-
venience, since it is difficult to derive a univer-
sal regression formula for converting the pre-
fectural data into the corresponding soil dose
rates.

The fallout data were unified in this way.
However, those data may include errors to

some degree because of the above-mentioned
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Fig.2 Frequency distribution of
the residuals after back-
ground subtraction in west
Japan.

three approximations. Let us check the magni-
tude of error caused by these approximations.

It 1s believed that there is extremely little in-
fluence of the Fukushima fallout on west Japan.
Hence, we can examine the error due to sub-
traction of background from total dose rate us-
ing the data taken in the prefectures of west
Japan (at longitudes less than 136.5 degrees).
Figure 2 shows the frequency distribution. The
data of west Japan were collected through the
official website of the ministry of education, cul-
ture, sports, science and technology of Japan
(See the bottom row of Table 1), which were
taken after the accident. A standard deviation
of the distribution amounts to 12 nGy/h.

3. Map

Figure 3 shows the contour map drawn by
means of the inverse distance weighted
method, where the weight is inversely propor-
tional to the fifth power of the distance for the
entire data”. Here, the dose rate level is di-
vided 1nto 8 groups for convenience, where 10
(12nGy/h) and 20 (24 nGy/h) levels men-

tioned just above are also included.
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Fig.3 Contour map of the fallout y-ray dose rates 1 m above
ground level (Refer to Fig. 2 as for the division of dose rates
in the legend).
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4. Comparison with traine-borne measure- £33000-

ments

Figure 4 shows a comparison between the

contour map obtained in this study and data

taken with Tohoku Shinkansen (Bullet train)?.

The background dose rates in Fig.4b) had
been measured before the accident occurred.
We notice a great increase between Utsuno-
miya and Sendai stations. Rapid decreases
within this section are due to shielding effect
by tunnels. On the other hand, in the back-
ground y-ray measurements inside the tunnels,
the dose rates increase considerably because of
the geometrical condition of natural radioactiv-
ity, which are seen here and there in the back-
ground data in Fig.4 b).

The natural gamma and fallout dose rates
are reduced markedly by a train body*. In ad-
dition, the fallout dose rate due to an infinite
plane source measured on an elevated railroad

1s lower than on an ordinary one because of the
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Fig.4 Comparison between the contour map a) and
Shinkansen data b).

difference 1n height from the source. Taking
into account these factors, it may be all right to
judge that the spatial variation pattern of the
residual dose rate after background subtrac-
tion coincides fairly well with that of the map
data. It should be also noted that a small rise
around Ichinoseki station is found in both the
map and the train-borne data.
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d. Concluding remark

Considering the time elapsed from the acci-
dent (11 March, 2011), the data presented here
are due mainly to Cs and ""Cs. Imanaka et
al.”’ and Hohara et al.” reported that the con-
tent of Cs 1s nearly the same level as that of
“Cs in the field. This means that the dose rate
ratio, "“Cs/"'Cs, amounts to about 2.6 accord-
ing to ICRU Report”. This information would
enable us to use the same pattern as Fig. 3 for
roughly predicting future levels by changing
the numerals given 1n the legend after calculat-

ing the decay of both nuclides.
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