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1. Introduction CZ9928528

For the evaluation of fall-out and soil contamination after the Chernobyl accident a nation-wide survey
was organised in the Czech Republic between June 16 and 18, 1986. Altogether 1,300 bare soil sam-
ples were collected on sites not shielded by buildings, shrubs and trees, with no grass surface, prefera-
bly on agricultural land not tilled since April 26, 1986, with the slope less than 3°, principally not on
sandy soil. The deposition ranged in more than three orders of magnitude. The arithmetic mean of
137Cs deposition calculated from the lognormal distribution is 6.5 kBq/m2. Maximum value of 137Cs
deposition found at that time was 95 kBq/m2, while there were some samples with activity of 137Cs
lower than detection limit. The deposition could be underestimated by about 20% as the dry deposition
by impaction and interception on the surface of the vegetation was not included. The comparison of the
deposition distribution with the precipitation distribution in the days of passage of contaminated air
masses manifested good agreement. The deposition was predominantly due to the coincidence of pre-
cipitation occurrence with the high activity concentration of radionuclides in the air. However, the
short-term deposition during the cloud passage was not most probably proportional to the quantity of
precipitation; the occurrence of a small rain or just dew could cause rather high an extremely inhomo-
geneous deposition(1>2\

However, there were areas especially in the south-western Bohemia near the Bavarian and Austrian
border with restricted access where sampling or survey by other means was not possible in 1986. By
coincidence those were also the places with the highest post-Chernobyl contamination. To map the

7Cs deposition in one of those areas the airborne scintillation and semiconductor spectrometric sys-
tems were used. Ground in-situ spectrometry and measurements of soil samples complemented the
aerial survey.

The main aim of the survey were:
• To get the 137Cs deposition information from area with supposed high levels of Chernobyl fallout
• To use the opportunity of higher levels of 137Cs deposition to compare various systems and methods

of ground contamination

2. Methods

Classic geophysical system®

The results gained by the classic airborne scintillation spectrometer for geophysical surveys were used
for airborne localisation of places with highest values of l37Cs deposition in mapped region. Due to
systematic error in calibration for 137Cs the results were only of qualitative character, nevertheless lo-
calising quite accurately extremes in deposition. The spectrometer consists of Nal(Tl) detectors with
total volume of 33.6 L. One additional detector with the volume of 4.2 L is used for measurement of
the cosmic component contribution to the8 spectrum. Measured spectra are accumulated in 256 chan-
nel analyzer GR 800 D (Geometries). The energy range of measured spectra is 0.2 - 3 MeV. The en-
ergy calibration is stabilized using the 40K peak. Measuring time is 1 s which represents about 40 m of
flight. The spectrometer was calibrated on calibration pads with known amount of K, U, Th. For navi-
gation global positioning system (GPS) was used.
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ENMOS 2001(6)

For the detailed 137Cs deposition mapping in chosen locality with the area of about 15x5 km2 the
ENMOS 2001 airborne monitoring system developed by Picodas Group Inc. was used. The ground
contamination part of the system consists of:
• PGAM 1000 gamma scintillation spectrometer
• Data acquisition system
• GPS or GPS-GLONAS navigation and pilot guidance
• Geographical database - digital map to overlay collected and recalculated data over in real time
• Pre-flown gridded data base for instant comparison of old and new collected data
• Real time algorithm to calculate ground contamination by up to seven radionuclides and the total

dose rate related to one meter above ground in real time

For the survey Nal(Tl) crystals with total volume of 16 L were used. Flight height was 80 m, velocity
of the helicopter about 120 km/h, sampling time 1 s.

Mobile measurement system of NRPI

For the Radiation Monitoring Network of the Czech Republic a prototype of the small system for dose
rate measurements and nuclide activity estimates in case of ground contamination was designed, cali-
brated and tested in National Radiation Protection Institute(3>4). The system can be used on foot, in car,
in helicopter and in fixed wing aircraft as well. The system was used for verification of results gained
by ENMOS.

The system consists of semiconductor HPGe detector, scintillation 3"x3" Nal(Tl) detector, two multi-
channel analysers, high pressure ionisation chamber or proportional counter and portable computer
working in multitasking mode for storing and evaluating of the spectra as well as for dose rate data
handling, recording, storing, searching and presentation. One of three available HPGe detectors with
relative efficiency from 15 to 55% can be used. For accumulation of spectra the MCA Portable Plus
and Inspector (Canberra Inc.) are used. The information about actual position is provided by the GPS
Garmin 95 on-line connected to the computer. This information is used later on to create the maps of
contamination using small desktop mapping (GIS) system. The system is powered from inner batteries
or from external 12V car batteries.

So/7 sampling

For further verification of the results the soil was sampled at 10 places in surveyed area. On each place
3 or 4 samples were taken in the corners of a square 10x10 m2 or in the apices of a equilateral triangle
with the side of 10 m. Soil was sampled from the area 0.2x0.2 m2 in three layers to the total depth of
30 cm. Samples here dried, homogenised and measured in NRPI spectrometric laboratory by semicon-
ductor gamma spectrometry.

3. Results

Results of the survey in some points are presented in Tab. 1. Only average 137Cs deposition is pre-
sented for the points where soil sampling was carried out. Soil samples proved extreme inhomogeneity
of deposition. The activity of 137Cs in individual soil samples in each sampling point varied by more
than one order of magnitude. The inhomogeneity is smoothed somewhat when using ground in-situ
spectrometry where for 1 m detector-ground distance the deposition in one measurement is averaged
from the area of about 100 m2. The averaging of deposition is much more pronounced for airborne sur-
vey where one measurement represents about 10000 m2 depending on the velocity of aircraft and the
flight height. Nevertheless airborne survey is very useful and efficient tool in case of an emergency for
fast localisation of areas of further need for more detailed ground mobile measurements or soil sam-
pling.
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Tab. 1. Results of the survey in some measurement points4. Conclusion

The Chernobyl accident has clearly
demonstrated the importance of es-
tablishing environmental monitoring
systems for obtaining rapid informa-
tion in accidental situation on the ra-
diological conditions at the affected
area and providing suitable data to
the competent authorities for deci-
sion making.

The basic methods for radiological
assessment after a nuclear accident
are the measurements of dose and
dose rate in wide range, ground sur-
face contamination, nuclide specific
activity concentration in air (with
special attention to iodine in aerosol)
as well as in other samples like soil,
water, vegetation, food-stuff etc.

For assessment of ground surface
contamination measurement of soil
samples and different mobile detec-
tion systems are used. The mobile
systems are important especially
when large contaminated areas are to be mapped or large areas are to be searched for lost source.

During the survey of post-Chernobyl contamination in the Sumava region in the south-western Bohe-
mia the highest levels of post-Chernobyl deposition on the territory of the Czech Republic were found.
Found values up to 120 kBq/m2 of 137Cs (corrected for the radioactive decay to the time of the first na-

Sampling or
measurement

point

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22

137Cs deposition [kBq/m2]
(July 1996)

Airborne meas-
urement ENMOS

12.7
29.3
25.1
40.1
28.0
35.7
32.7
37.2
64.4
63.6
64.4
59.0
43.4
41.7
28.3
57.7
50.2
55.1

54.2

Ground in-situ
gamma spec-

trometry

15.4

20.3

35
43.1
37.6

52.7
72

61.4
29.6
30.9
13.4
62.4
30.9
43.4

8.5
4.3
29.7

Soil sampling

20.9
19.9
23.1
80.9

51
44.4

23.2
76.4

7

6.5

tion-wide survey in June, 1986) are in excellent agreement with data on
side of the border.

137,Cs deposition on Bavarian

Various methods and equipment for the assessment of ground contamination were used and compared
during the survey. Reasonable agreement of the results proved that all described methods are ready for
contamination mapping carried out by Radiation Monitoring Network in case of a nuclear accident.
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