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1. INTRODUCTION

JAERI and RIAP concluded the "Agreement on the Implementation of Research at the
Chernobyl Center for International Research" on 1992 aiming to analyze environmental
radiological consequences in the Chernobyl areas. On the basis of this agreement JAERI has
performed environmental research in some different phases in cooperation with RIAP. In this
paper, results of measurements on external gamma-ray dose rates in residential areas around
Chernobyl will be presented. Measurements have been made using portable dose rate meters to
clarify the present radiation levels inside and outside houses in which people still live. Further,
wider regions have been covered with carborne surveys. The radiation levels and characteristics
found in these measurements will be discussed.

2. MEASUREMENTS OF GAMMA DOSE RATES INSIDE AND OUTSIDE HOUSES IN
SETTLEMENTS IN THE 30 km ZONE

2.1 Method

At 7 settlements in the 30 km
zone, the absorbed dose rates in air
inside and outside 47 houses were
measured. The locations of the
settlements are illustrated in Fig. 1.
Though Kupovatoe and Teremci are
farther than 30 km from the nuclear
power plant(NPP), they are substantially
included in the 30 km zone for entrance
restriction. The portable dose rate
meters, SWING and DBM, developed at
JAERI were used in the measurements.
These instruments can promptly provide
accurate dose rates averaged over any
time interval utilizing the spectrum-dose
conversion function (G(E) function)
method[l]. Measurements were made at
several points both indoors and
outdoors for each house, and the
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Fig. 1 Locations of the settlements where indoor and
outdoor in-situ measurements were made.
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averaged dose rates were taken to be the representative values for the house. AH of the houses
were separated and made of wood or brick. As the measurements have been continued since 1992,
there must be change in radiation levels according to time elapsed. However, no correction was
made for this change, because the change would be expected not significant considering the long
half-life and stability of Cs-137 which is the dominant nuclide contributing to the external doses
at present.

2.2 Results and discussion

Table I gives the ranges and averages
of indoor and outdoor dose rates with the
indoor/outdoor dose rate ratios. The
frequency distributions of dose rates and
indoor/outdoor dose rate ratios are shown in
Fig. 2. The outdoor dose rates showed a
range from 69 to 259 nGy/h, the mean value
being 123 nGy/h. The indoor dose rates
changed between 34 and 135 nGy/h around
the mean value of 62 nGy/h. The difference
in radiation levels with settlements was
generally not so large, but the mean dose rate
in Opachichi was almost twice as much as
those in the other settlements both for
outdoor and indoor. The dose rates in
Otashev were slightly higher than the
average. However, still the dose rates in the
settlements are not very high: they are
comparable to the natural radiation levels
reported in the world[2]. The shapes of dose
rate distributions are similar between indoor
and outdoor. They have peaks in relatively
low dose rate regions and tails in higher dose
rate regions due to the relatively higher
values observed in Opachichi and Otashev.
Nearly 50% of outdoor dose rates are
between 80 and 120 nGy/h, and more than
60% of indoor dose rates are between 40 and
60 nGy/h.

Indoor/outdoor dose rate ratios
including both artificial and natural
radiations varied from 0.31 to 0.80, and
more than 60% of the data were between 0.4
and 0.6. Therefore, the dose rate including a
natural component seems to reduce to about
half in a house in the areas reported in this
study.
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Fig.2 Distributions of indoor doses, outdoor
doses and the indoor/outdoor dose rate ratios
measured in settlements in the 30 km zone.

To analyze the shielding effect of houses in the Chernobyl area against gamma rays from
anthropogenic nuclides, detailed measurements with a NaI(Tl) spectrometer were performed in a
typical wooden house. After subtracting the dose rate due to natural gamma rays estimated from
spectral information, the indoor/outdoor dose rate ratio for artificial gamma rays was estimated at
0.3.

At the same time computer simulation for the shielding effect of the house for Cs-137 was
performed. A model of the house was constructed according to the results of careful
measurements of the dimensions and effective wall thicknesses. Monte Carlo calculations[3]
performed using this model showed an indoor/outdoor dose rate ratio similar to the measured
value. Considering thinner wall thicknesses in the simulation made the indoor/outdoor ratio larger
because of less shielding effect. However, even if very thin walls were assumed, still the indoor
dose was obviously smaller than the outdoor dose. This is because there is no gamma ray source
inside the house. The detail description of this computer simulation will be presented elsewhere.
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Table I Ranges and averages of gamma-ray dose rates inside and outside houses in 7
settlements measured with portable dose rate meters.

Settlement

Kupovatoye
Opachichi

Otashev

Illintsi
Parishev

Teremci
Ladizhichi

Total

Number

•J5
7

7
4
7

4

3
47

Range

34- 70
77-125

58-135
51- 62

35- 57

43- 55

51- 59

34-135

Absorbed (
(nC

Jose rate in air

Indoor Outdoor

Mean

So
105

76
56

48

49

54

62

Range

8§-i4i
163-259

108-198

72-106
73-113
69- 84

79-136

69-259

Mean

1-12
215

140
84

97

77

105

123

I/O Ratio
Mean

0.45
0.49

0.54
0.68

0.49

0.65

0.53

0.52

3. CARBORNE SURVEYS IN AND OUT OF THE 30 km ZONE

3.1 Method

Carborne surveys over wider areas were carried out using a mobile survey system
developed at JAERI whose block diagram is indicated in Fig.3. Dose rates were measured
continuously with the dose rate meter DBM. A detector fixed to a pole was extended behind a car
to prevent the shielding effect of the car body. In addition, the positional data of the car were
obtained from a Global Positioning System(GPS) utilizing radio communications with satellites.
These data recorded every 10 seconds allowed us to construct a precise map showing radiation
levels.

A four-wheel drive car was
selected for the survey to stand bad
road conditions. The car has been
driven mostly along paved roads and
sometimes on small roads in fields or
forests inside and outside the 30 km
zone. Since a paved road has been
decontaminated, the dose rates on the
road are somewhat lower than those on
the fields on the both sides of the road.
The ratio of a dose rate measured on
board to the average dose rate in the
fields has been estimated to be between
0.5 and 1.0 according to several
detailed measurements of dose rate
distributions around the car. The
results presented in this paper were
corrected for this effect considering the
road conditions.

The surveys have been
performed in the southern half part of
the 30 km zone, western and northern
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Fig. 3 Block diagram of the carborne survey system
designed at JAERI.
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regions outside the zone and areas near Gomel and Mogilov where high contamination levels have
been reported for about 20 days in total in 1994 and 1995. Because of limitations due to road
conditions, entrance restriction and time available, it was impossible to cover the whole regions.
Nevertheless, present features of dose rate distributions in the Chernobyl area have been made
clear.

3.2 Results and discussion

An example of direct results of a carborne survey is shown in Fig. 4". The measurement
was performed moving westward from Chernobyl city to Poleskoe which is a small town located
20 km west-south-west from the 30 km zone. Then, the car turned and headed east. In the figure,
the track of the car reconstructed from positional data and temporal change of absorbed dose rate
in air are shown. As being obvious from this figure a precise distribution of dose rates can be
obtained from the measurements. In this case high dose rates up to nearly 8 (jGy/h were observed.

In the zones, very high contamination still remains near the reactor and at the west part,
while at the south and east parts the radiation levels are relatively low as found in the
measurements described in Section 2. In the west and north regions just out of the 30 km zone,
high dose rates up to about 8
jxGy/h and 3 \iGylh were
observed, respectively. In the
area near Gomel and
Mogilov the highest dose rate
that we have ever observed is
about 4 (i.Gy/h; however we
could not enter some areas
because of the reasons
mentioned before, and some
higher dose rates would be

30 km zone

g
anticipated to be observed in
these areas.

The dose rate
distribution obtained in this
study was compared with the
contamination map
published by IAEA in
1991[4]. As the IAEA map
shows contours of Cs-137
concentration per unit area, it
is impossible to compare it
directly with our results.
However, considering the
facts that at present the
external dose attributes
mainly to Cs-137 and that Cs-
137 in this region migrate
very slowly into the ground,
the dose rates could be
estimated from the
concentrations per unit area
with some uncertainties. The
absorbed dose rates in the air
were calculated using the
dose rate conversion factor
compiled in ICRU 53[5] on
the assumption that the
external dose attributes to Cs-
137 distributed in the ground
according to an exponential
function at a relaxation depth
of 2 g/cm2.

Track of the car

End
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Fig.4 An example of direct results of a carborne survey, (a)
Reconstructed car track, (b) Sequential dose rate data. Dose rates
averaged over 10 s were measured successively. The locations
where high dose rates were observed are shown in figures (a) and
(b) by notations A-D.
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Fig. 5 Spatial distribution of absorbed dose rates in air measured by carborne surveys. The length
of a bar is proportional to the average dose rate in the 10 x 10 km square region. There was no

measurement made in the squares without bars.

Our results and the IAEA data showed general agreements: the IAEA contamination map
was validated by in-situ measurements. On the other hand, it was found that the contamination has
finer structures than shown in the IAEA map in some regions. Further, it seems that the four
contour values used in the IAEA map are not sufficient to cover the wide contamination levels in
this area. Here, we do not indicate the concrete data on the comparisons because they are rather
complicated.

The whole survey data were integrated to produce a dose rate map in this region shown in
Fig.5 where the average dose rates in 10 x 10 km squares are indicated by lengths of bars. Note
that in squares without bars no survey was carried out and it does not mean the dose rates are quite
low. Since a bar shows the average dose rate, the dose rate fluctuates more in a smaller range.

4. CONCLUSION

From these measurements the present features of contamination around Chernobyl have
been made clear. It was confirmed that the external radiation levels in the settlements where
people live are not high. Further, a precise dose rate distribution over wide area was determined
from carbone surveys. The results showed a general agreement with the contamination map issued
by IAEA, while some finer structures were found. These data are expected to be a help for
taking countermeasures for the recovery of the Chernobyl environment and the radiation
protection of people living in the areas in future. We are planning to extend the region of these
measurements.
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