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Abstract

The Chernobyl reactor accident caused in Austria Cs-137 activities up to 180 kBq/m2. The following paper
explains how airborne NaJ-spectroscopy, originally designed for geological surveys, was used as an accurate method
to obtain the ground activity of Cs-137 in certain regions of Austria. To retrieve the net count rate in a Cs-137 window
it is necessary to subtract all background contributions from the peak, including the Compton continuum and the
contribution of overlapping peaks. Therefore the measurement of Cs-137 with a NaJ detector system must take into
account radioactive elements with gamma-ray lines near the peak energy of Cs-137 at 662 keV. In regions with higher
concentrations of the natural radioactive elements uranium and thorium a peak near 600 keV is found, containing the
609 keV line of Bi-214 and the 585 keV line of Tl-208. Additionally a Cs-134 line is located at 604 keV. Because
of the poor energy resolution of NaJ detectors it is not possible to find a clear separation between these peaks and
the Cs-137 peak. The following section describes the method that was used to obtain accurate quantified Cs-137
activity values.

1. CONTRIBUTION OF DIFFERENT PEAKS TO THE CS-137 WINDOW

Table I shows the different radioelements with gamma-ray lines near the Cs-137 peak at
662 keV.

TABLE I. GAMMA-RAY LINES NEAR THE CS-137 WINDOW

Gamma ray energy Radioelement T1/2 Relative intensity
(keV) %

8.1

31.0

754.2 d 97.6

42.8

30 a 85.0

1.5

6.7

4.8

754.2 d 85.4

The different influences of this gamma-ray lines will be discussed and a new method will be
represented to achieve an accurate and quantitative determination of Cs-137. Figures 1 and 2 show
sample spectra measured during a calibration procedure with the Austrian calibration pads (IAEA
1989). As additional information the centroid peak energy of Cs-137 at 662 keV is shown in the
figures. From this samples it is obvious that the peak regions of Bi-214 and Tl-208 would partially
overlap with a Cs-137 peak. Cs-134 has a clear peak at 604 keV that would also overlap with the Cs-
137 peak. Fortunately, experience has shown that the ratio of Cs-134 to Cs-137 can be regarded as
constant if the duration of measurements is short compared to the half live of Cs-134. The Bi-214 line
at 666 keV will usually not lead to a peak because of its small relative intensity of only 1.5%.
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FIG. 1. Thorium spectrum obtained from Austrian airborne system on the thorium calibration pad
(normalized count rates); IAEA, 1989.
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FIG. 2. Uranium spectrum obtained from Austrian airborne system on the uranium calibration pad
(normalized count rates); IAEA, 1989.

Radon in air is another source of error in determining the Compton continuum in the Cs-137
window because of the overlapping 609 keV peak of Bi-214 with its high relative intensity of 42.8%.
Bi-214 count rates might origin from uranium in subsurface as well as from radon in the air, with a
different amount of absorption on the way from their source to the detector. Therefore the relation
of 609 keV to 1765 keV count rates varies with the amount of radon in the air and a reliable
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calculation of the contribution of the 609 keV peak depends on a reliable radon estimation, using
either an upward looking detector or the method suggested by Minty 1992. Unfortunately the
procedure suggested by Minty using the 609 keV and the 1765 keV lines of Bi-124 cannot be applied
at the presence of Cs-137 and the use of the 1220 keV and 1760 keV Bi-214 peaks is less accurate
because the difference of the corresponding attenuation coefficients is too small. The use of upward
looking detectors might also lead to errors because they show some sensitiveness to the vertical
distribution of radon in the air.

2. DETERMINATION OF THE COMPTON CONTINUUM

To reduce the influence of the natural radioactive elements uranium and thorium on the Cs-
137 window a new method had to be developed. For K, U and Th-windows usually stripping factors
are used to determine the lower energy windows Compton background originating from higher energy
gamma-rays. We did not find this method to yield good results for low energy windows because the
stripping factors are rather high. The uncertainty of a measured count rate N is proportional to sqrt(N)
and therefore statistical variations in the high energy windows can lead to large variations in the
calculated Compton background.

So, while high count rates for the natural radioactive elements lead to overlapping peaks in
the Cs-137 window, low concentrations of natural radioelements would increase the statistical error
of a Compton background determined with stripping methods.

An alternative to the use of stripping factors is to determine the shape of the Compton
continuum by a least square fit of the entire spectrum or selected areas of the spectrum. Anyhow our
experience has shown that, if a small window is used, it is sufficient to describe the Compton
continuum with a trapezoid. The situation is shown in Fig. 3.

The start and end channels of the spectrum which determine the shape of the trapezoid were
obtained empirically from multiple spectra over different geological formations. It was proven that
the location and shape of the minima at the rising and falling flanks of the Cs-137 peak area are not
influenced by other peaks. Experience has shown that the chosen areas, shown in Table II, lead to
stable results and are therefore well suited to obtain the Compton continuum.

Bi-214, TI-208 and Cs-134 peaks

Cs-137 netto peak

Compton background

662 keV

FIG. 3. Different contributions to the background of the Cs-137 window and the Compton continuum
modelled by a trapezoid.
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TABLE H. ENERGY WINDOWS USED

Radionuclide Start Energy (keV) End Energy (keV)

Cs-137 648 732

Cs-134 744 864

U 1692 1884

Th 2448 2844

Compton Background 540 732

Because of its relative intensity of 42.8% the dominating disturbing gamma line origins from
Bi-214 at 609 keV. The problems due to radon in the air and poor statistics have already been
mentioned above.

The only way to reduce the errors made by wrong estimated count rates due to the 609 keV
Bi-214 peak is to decrease the influence of this peak with a reasonable setting of the Cs-137 window
as far as possible off the 609 keV line. At the same time the influence of the Tl-208 and Cs-134 peaks
would be minimized too.

Choosing a Cs-137 window that does not include the peaks around 600 keV would also lead
to a lower (and better) limit of detection LLD for Cs-137, because it is proportional to sqrt(N+2B)
where B is the background count rate including all background contributions to the peak (Compton
continuum, overlapping peaks, equipment contamination) and N is the net count rate for Cs-137. On
the other hand using only a part of the Cs-137 window means a loss of counts and therefore a higher
uncertainty of the measured values.

The best compromise seemed to be to use only the high energy part of the Cs-137 peak
including of course the central energy line of 662 keV. The influence of unwanted sources of errors
is minimized, while on the other hand there is a higher statistical uncertainty in areas with low
uranium and thorium concentrations in the subsurface. A comparison in a region with low natural
radioactivity and with Cs-137 activities < 10 kBq/m2 has shown that the results using a wide and a
small peak are almost similar, especially when the measured data are filtered or interpolated onto a
grid as it is usually done for the data representation .

Table m . shows the quantitative influence of different peaks onto the chosen Cs-137 window
from 648 to 732 keV. The values are valid at ground level and were derived with the Austrian
standard calibration pads. At higher altitudes the factors would be smaller, because low energy
gamma-rays are more attenuated on their way from the ground to the detector. The very right row
in table 3 contains the ratio from the high energy count rate that can be seen in the chosen Cs-137
window. It is obvious that taking only the high energy part of the peak reduces the influence of
natural radioactive elements on the Cs-137 count rate drastically. Tl-208 could even be neglected.

TABLE m. CONTRIBUTION OF DIFFERENT RADIOELEMENTS TO CS-137 PEAK

Radionuclide

Tl-208

Cs-134

Bi-214

Low energy peak
found at

583 keV (31.0%)

604 keV (97.6%)

609 keV (42.8%)

666 keV (1.49%)

High energy peak
conventionally used

2615 keV (36.0%)

796 keV (85.4%)

1765 keV (15.9%)

Net count
rate ratio
Low/High

0.57

1.14

1.86

0.07

Net count
rate ratio

Cs-137/High

0.02

0.14

0.23

0.07
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The formula that was finally used for total background reduction includes the differences of
absorption in air for high and low energy peaks of the different radiolements. The used attenuation
coefficients where derived from calibration flights at low altitudes from 35 m up to 300 m above
ground. Fig. 4. shows the results for Cs-137.

At last the helicopter background was estimated by a calibration flight at high altitudes from
2000 m to 4000 m above ground and the conversion factor from cps to kBq/m2 was derived from an
intercalibration with a portable spectrometer over a homogenous contaminated area.

The formulas used for complete Cs-137 activity calculation are

N
Csl37

~ CB - 0.23 U «H»»»*> - 0.02 Th

and

h) - Rn

Cs137 [kBq/m2] = 0.48 NCsl37 e (-0.00967 h)

CB
U, Th
Rn
h

Cs-137 net count rate
Cs-137 total peak count rate
Compton background with trapezoid
net window count rates of high energy windows
Radon count rate in Cs-137 window
detector altitude in metres

The radon count rate is measured with an upward looking detector, the corresponding factors
to calculate the influence of the Bi-214 energy peak of the upward looking detector on the Cs-137
window were obtained from a calibration procedure with the uranium pad.

Cs-137 cps
400.00 .

Altitude Correct/on

measured values

fltted curve: Y=325.9-exp(-0.00295-H)

400 00 600 00

HELICOPTER ALTITUDE H [feetj

FIG. 4. Cs-137 attenuation coefficients obtained from calibration flight at low altitudes.
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Cs-134 correction is not necessary because the peak ratios of Cs-134 to Cs-137 is thought to
be constant and therefore included in the sensitivity factor to convert the Cs-137 count rates into
activities. This assumption is of course only true if the calibration for the sensitivity factor is repeated
within a time that is short compared to the half live of Cs-134.

3. CASE HISTORY OF MEASUREMENTS IN THE HAUSRUCK AREA

To test the described procedure gamma-ray data in the Hausruck area in Northern Austria
gamma ray data were made available by the Geological Survey of Austria (SEIBERL & PIRKL,
1991). The area was chosen because it shows a rather great variability in natural radioelement
concentrations. The areas of very low natural radioactivity are caused by hills of the so called
Hausruck Gravel reaching thicknesses of up to 150 m above the underlaying sediments, which show
higher activities due to minerals from the Bohemian Massif.

After background reduction the contrast of these geological structures should no longer be
visible in the Cs-137 count rates. Additionally ground measurements after the Chernobyl accident
have shown Cs-137 activities increasing from north to south (Umweltbundesamt 1996). The reason
for the gradient in the Cs-137 distribution is the varying rainfall during the pass of the radioactive
clouds. The rain clouds coming from the North were partly stopped by the high mountains of the
northern side of the Alps, causing more intensive rain with decreasing distance to the alps.

Figs 5 and 6 show the uranium and thorium plot of the Hausruck area, clearly indicating the
hills of Hausruck Gravel.

Fig. 7 shows a plot of the background radiation obtained with the described method. Because
of Comtpon scattering from uranium and thorium into the Cs-137 window the geological structures
are visible in this background plot. Finally the Cs-137 activity plot is shown in Fig. 8. The result
shows very good agreement with ground measurements (Umweltbundesamt 1996). The rather rough
anomaly pattern of the uranium plot cannot be found anymore in the Cs-137 plot. This is an evidence
that it was possible to eliminate the influence of the Bi-214 peak from the Cs-137 peak.

4. DISCUSSION

Because the influence of the overlapping peaks is minimized by using just the high energy part
of the Cs-137 peak, the described method will lead to reliable results, even if a calibration to obtain
the influence of the Tl-208 and Bi-214 peaks or radon measurement is not applied.

In addition it is not necessary to process a calibration to obtain Compton stripping factors if
a trapezoid is used to estimate the Compton background in the Cs-137 window. Of course this method
will only lead to reliable results if no peaks are influencing the areas of the spectrum that are used
to determine the shape of the trapezoid. Although usually a lot of radioelements are found in a
spectrum during the first time after a nuclear accident, there influence on the Cs-137 peak can be
neglected after several weeks because almost all of them have very short half live time.

The results in certain areas of Austria proof that the described method is easy to apply and
represents a reliable procedure to achieve good quantitative results for Cs-137 activity distribution
from airborne gamma-ray measurements.
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FIG. 5. Uranium plot of the Hausruck area.
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FIG. 6. Thorium plot of the Hausruck area.
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FIG. 7. Plot of the background radiation obtained with the described method.
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FIG. 8. Cs-137 activity plot.
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