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Abstract

The French Atomic Energy Commission (C.E. A.) has developed an aerial gamma mapping system called
HELINUC. The acquisition of a gamma spectrum and at the same time the corresponding coordinates of the aircraft
is performed by the equipment aboard a light helicopter or an aeroplane. The data acquired in flight are processed
on the ground by a specialized computer data processing system. Within a few minutes the system can produce a map
with artificial colours showing the levels of natural or man-made activity and then superimpose it on a topographic
map. HELINUC can, within a few hours, elaborate a map of radioactivity of areas spread over several square
kilometres up to several tens of square kilmetres and identify the radioelements in the range from natural radioactivity
to a serious accidental situation. HELINUC has been operational for about 12 years and is part of the French nuclear
emergency preparedness in the event of a civil or military nuclear accident. In August 1995, the exercise RESUME
95 was arranged in Vesivehmaa, 150 kilometres north of Helsinki by the Nordic Nuclear Safety Project, EKO-3. The
main objective of thi$ exercise was to compare results from survey measurements from airborne, car-borne and in
situ measurements on the ground. Different areas and routes had been defined for survey purposes, and artificial point
sources had been hidden. The main results of this exercise, particularly those concerning the gamma mapping of the
area called II, contaminated by the Chenobyl's fallouts and the hidden sources are presented here. The cartography
of area II shows that the levels of 137Cs reaches 100 kBq/m2 in small spots and the average value more than
60 kBq/m2. In the research of hidden sources, we discovered a point-source of cobalt 60 the activity of which was
only 25 MBq (0.7 mCi). The results obtained with the HELINUC system during this exercise prove that the methods
using uranium exploration data and techniques are rapid, powerful and efficient techniques for measuring and
controlling the radioactivity in the environmental of industrial or nuclear sites.

1. PRINCIPLE AND DESCRIPTION

The Commissariat a l'Energie Atomique has developed an aerial gamma mapping system
called HELINUC. This system makes it possible to establish, within a few hours, a map of
radioactivity for areas (several dozen to several hundreds of hectares) by identifying the radioelements
present, in a range from level of natural radioactivity to that of man-made radioactivity resulting from
a large scale accident.

1.1. Experimental device

The helicopter borne device is composed of a Nal detector containing 16.8 litres which is
connected to a spectrometer for signal analysis, with 512 channels, ranging from 30 to 3000 keV. At
the end of sample time (1 to 3 seconds), a computer records the spectrum plus the average helicopter
position (X, Y, Z) during the measurement.

The helicopter's position (X,Y) is computed by a G.P.S. or a transponder system used in
Finland. The flight altitude is always accurately measured with a radio-altimeter.

Remarks: Since January 1996, the positioning has been achieved by a differential GPS.
The helicopter (AS-35O/B1), belonging to the French company
"HELIFRANCE" came to Finland especially for the exercise.
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1.2. Data collection

For a detailed site analysis, the following parameters are required: pattern size (length of
profiles and distance between profiles), altitude, flight velocity and sample time (two seconds in
Finland).

1.3. Data processing

The data collected and stored on a Bernoulli disk are processed by a dedicated ground-based
computer. On the basis of the flight data records, colour maps are processed and overprinted on
topographic maps. Such maps provide, in a very short time, the positions of contaminated areas or
lost point-sources, the contamination levels and the nature of the radioelements. In the event of a
nuclear incident, this information could be handed over to competent authorities for use.

2. MEASUREMENTS PERFORMED DURING R.E.S.U.M.E. 95

The following tasks were specified by the organisers:

• Mapping of area 2 (6 km per 3 km), localised between two villages: Vesijako and Auttoinen:
This area should be covered by 21 profiles of 6 kilometres, spacing of 150 metres.

• Mapping of area 3 (5 km per 1 km) and real time detection of hidden point sources.

Both areas had to be flown in one flight.

2.1. Hidden sources detection

During the survey of area 3,15 point sources were hidden, of different natures and activities.
Fly conditions were free but the time over the area restricted to only one hour. The detection of
"traces" averages that sources have been detected, but their contributions are too weak to conclude
about their attendance. The activity of the point source Co3 which has been detected on the road
between areas 2 and 3 was only 25 MBq. The following table (Table I) shows the detection results
for each source:

TABLE I. DETECTION RESULTS FOR EACH SOURCE

Nuclide

«>Co
"Co

"Co
"Co

137Cs
137Cs

137Cs
137Cs
• 92J, .

"Tc

Code

Col
Co2

Co3
Co

4 a 9

Csl
Cs2

Cs3
Cs4

I
T

Activity
(mCi)

7
9

(strongly collimated)
0.7

1 a 2 mCi
linear source

(~ 200 metres)
77
50

(strongly collimated)
7.5
14.6

15000
30

Results after detailed data
processing

yes
traces

traces
yes, detection of linearity

yes
no

traces ?
traces

yes
yes
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The following figures presents some screen hard copies showing the detection of some
sources. The "Tcm source has been clearly detected on spectrum 764 by the 140 keV emission ray
(channel 25, Fig. 1).

The Cs3 and Col sources of close activities (7.5 and 7 mCi) were localised at the same place
(Fig. 2). The evolution of channel 190 (1173 keV) shows clearly the cobalt source. The attendance
of an anomaly can be seen at channel 110 (662 keV), but it is impossible to conclude about the
attendance of a caesium source because these photons should have been emitted by the cobalt source
and scattered by the atmosphere.
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FIG. 1. "Tcm source detection during survey of area 3.
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FIG. 2. Cs3 and Col detection during survey of area 3.
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The detection limit is function of the natural background of the spot. For a caesium source
the detection threshold was about 10 mCi on area 3, for a superficial concentration about 50 kBq/m2.
Therefore the Cs3 source was too little active for being detected with reliability. In France the 137Cs
background is about 1 to 2 kBq/m2 and the detection threshold for a source is less than 1 mCi
(40 MBq).

2.2. Isoactivity maps

2.2.1. Spectral analysis

Data processing is achieved by a new algorithm for spectral analysis, suitable AGRS
operational conditions. This algorithm can detect and calculate full absorption peaks area associated
to ground nuclides. The short sample time (2s. in Finland) and the detection altitude (about 50 m.)
generate a poor counting statistic and a low signal/noise ratio.

Classical processing software are unusable in these conditions, and a specific algorithm has
been developed by L. Guillot. The counting fluctuations are removed by the use of numerical filters
which take into account peaks characteristics (gaussian shape, variation of FWHM with energy...).
After filtering, peak detection is done by the study of first and second derivatives. Full absorption
peaks area is computed after calculation and subtraction of the background (Fig. 3).

Raw spectrum n° 130 recorded during the area 2 survey
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FIG. 3. Calculation of fall absorption peaks (B) by processing of a raw spectrum(A).
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Nuclides are identified in a reference table. This list also contains variation laws of the
detector response with altitude, and energy to calculate activities to calculate ground contamination.
Data processing of the records produces the following results:

Area n '2: Source file: FIL2.ACQ
Sample time: 2 seconds
Number of measurements: 3100

TABLE H. SYNTHESIS OF NUCLIDES DETECTION OVER AREA No. 2

Nuclides

2 1 2Pb
214pb

m Ac
214pb

137Cs
134Cs
fflAc
<°K

214Bi
232T h

Area n '3:

TABLE III.

Nuclides

2 1 2Pb
2.4pb

aAc
2 1 4Pb
137Cs
134Cs
^Ac

40J,

214Bi
2 3 2Th

Energy
(keV)

238
295

338
352
662
795
911
1461
1764

2615

Source file:
Sample time

Number of
detections

290
482

11
515

3091
2210
2147
3096
2826
3100

FIL3.ACQ
:: 2 seconds

Number of measurements

SYNTHESIS (

Energy
(keV)

238
295
338
352
662

795
911
1461
1764
2615

Average
activity

64.3 kBq/m2

4.0 kBq/m2

12.0 kBq/m2

380.1 Bq/kg
24.9 Bq/kg
23.1 Bq/kg

;: 2600

Experimental
precision

(%)
35
34

32
36
38
36
37
37
32
33

DF NUCLIDES DETECTION OVER AREA

Number of
detections

149
461
187
441

2562
1907
1956
2584
2388
2590

Average
activity

51.5 kBq/m2

3.4 kBq/m2

8.7 kBq/m2

365.5 Bq/kg
21.3 Bq/kg
25.4 Bq/kg

Experimental
precision

(%)
47
42
42
39
39
38
41
41
34
36

Statistical
precision

(%)
19
27

29
28

3
17
25

9
22
17

No. 3

Statistical
precision

(%)
16
25
26
26
2

14
22
7

22
15

Average
detection
threshold

1.6 kBq/m2

0.5 kBq/m2

2.7 kBq/m2

16.3 Bq/kg
3.5 Bq/kg
1.4 Bq/kg

Average
detection
threshold

1.5 kBq/m2

0.6 kBq/m2

2.3 kBq/m2

19.2 Bq/kg
3.7 Bq/kg
1.6 Bq/kg

Only nuclides which have peaks of energies higher than 662 keV are detected in a great
proponion of measurements. The high caesium concentration creates an important background at low
energies and the detection at these energies is disturbed.

The experimental precision of activities represents:

• Spatial variations of nuclides concentration on the area,
• Statistical fluctuations of counting (which depends on concentration).
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The statistical precision represents the incertitude associated with the calculation of peaks area.
The detection threshold is computed for each nuclide and depends essentially on the scattering
background intensity.

3. CONCLUSION

3.1. Hidden sources

After a detailed processing of measurements, ten sources have been clearly pointed out. The
other sources were collimated or their activities were close or lower than the detection threshold of
the system because of the high level caesium background.

The trace of four other sources has also been detected with the knowledge of their positions
but their contributions are too weak to conclude about their attendance.

3.2. Radioactive fallout

Caesium fallout is always very active today. On area n'2,137Cs average concentration is about
65 kBq/m2, with some forest parts reaching 110 kBq/m2. For cultures areas or villages (Auttoinen
for example, at south-east of area n*2), 137Cs contamination is between 30 and 40 kBq/m2. The
activity is approximately twice weaker in villages where the fall-out has been washed or in cultivated
areas where the soil has been turned over.

The area n '3 can be divided into two parts of different concentrations. At south-east 137Cs
concentration is comparable with area 2 (about 60 kBq/m2) and at north-west the concentration is
between 40 and 50 kBq/m2.

134Cs concentration on both areas is proportional to 137Cs concentration with a ratio of about
thirty, in accordance with today's proportions of Chernobyl fallout. 134Cs maps show great variations
because of the great count rate fluctuations at these concentrations (1 a 8 kBq/m2). These fluctuations
are not significant.

3.3. Natural activity

The isoactivity maps of "°K, 214Bi et ^ T h show activity levels which are comparable with
measurements recorded in France. Concentrations are rather homogeneous with some local increasing
on villages or cultures probably because there is an important attenuation by trees above forest areas.

In spite of restricting conditions (distance, reduce team, respect of time allowed), HELINUC
team have achieved all tasks defined by the organisers. This exercise, very close to an accidental
situation, has been a good test for equipment and has shown the ability of the team to operate in this
conditions.

The new developments concerning spectral analysis and calibration of airborne measurements
were tested during this exercise for mapping caesium fallout and natural activity. Airborne results are
in good agreement with in situ measurements and confirms the performances of new airborne data
processing methods. For 137Cs fallout, the maximum concentration recorded reaches 100 to
110 kBq/m2 on area 2, for both airborne and in-situ measurements.

The detection of a great part of the hidden sources has confirmed the sensibility of our device
HELINUC and this exercise has confirmed the ability of airborne gamma spectrometry to evaluate
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quickly man-made and natural radioactivity, and to perform lost sources searching. Our results are
in good agreement with other teams results but some differences show the necessity of an
harmonisation of processing methods.
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