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ABSTRACT

Cesium-137 isotope gamma photons have smaller energy, 662 keV,
than natural isotopes, but high intensity above soils in Europe. Still
300 H,Omm snow layers can be most accurately and most fast
surveyed with cesium radiation. Compton scatterings of higher energy
photons disturb less when the detector is Ge-semiconducter, but
scintillators are more effective. TOTAL COUNT is not influenced by
cesium radiation when the lower boundary of the window is set at
about 750 keV. Th-radiation, 2615 keV, measures most accurately
into so high as 600 H,Omm thick snow layers, but measurement
demands a long measuring time.

INTRODUCTION

Airborne measurements have been used for earth radioactivity
determinations. Interests have been the rapid observation of areal contamination
with artificial radiation and to reveal radioactive point sources (RESUME 1997),
geological survey of radioactive rocks, and snow survey for hydrological
forecast. Airplanes and helicopters have been used. Radioactive snow equivalent
determinations can also be done by point measurements or from driving vehicles
just above snow (Kasi, 1998). The gamma-activity snow survey measurements
do not depend on temperature and any chemical bindings (Kasi, 2000).

In the snow survey by using natural radiation the photons of the thorium (Th)
series isotope 20871 (2614 keV), uranium (U) series isotope 214Bj (1765 keV) and
potassinm isotope K (1461 keV) cause the scintillation spectrum as in Fig. 1.

Radiation detectors

In (RESUME, 1997) in the addition of scintillators also Ge-semiconductors
were applicable. The big advantage of the latters is that their photopeaks are
narrow (Knoll, 2000); the half height width of peak is below 0.2 %, when that
for scintillator is about 7...10 %, see Figs. 1...3. However, the scintillators are
much larger and more effective. JAEA (1991) recommendates so large a
scintillator as be well carried, maximum 33 liter for helicopter, 50 1 for
aeroplane (or other fixed wing works). Unmanned aerial vehicles will be applied




too in Finland (Kurvinen, et al., 2002).

The effectivity of detector depends on direction of arriving radiation photon.
For cylinderical detectors with equal diameter and height the first approximation
is that the detection probability # is constant for the photon arriving it and that
the shape of the detector is a sphere. Let A be its detecting area. D = 77 A can be
called the detector function. In the airplanes or helicopters 4 thick large
scintillators have much been used. For a 25.2 1 such detector Kasi (1992) in
calculation used the detector function D = D, cosf , where 6 is the angle of ray to

vertical direction. For this detector in airplane at the 60 m height above snowless
soils in the Kemijoki basin Kuittinen et al. (1985) measured in the Th-window
the total counting rates 6...78 ¢/s (in Figs. 1...3 the c/s are per energy channel).
Count number accuracy

An concept, necessary to be considered, is the mean error AN of the number N

of counted pulses: i.e.
AN =+/N.

If the number of the pulses is about 100, then the error is 10 %. The counting
numbers are easily small when the photons are more energetic (thorium
especially).

Mathematical modelling of measurements

Models should be in any relations so physically correct as possible.

For the natural radiation isotopes Vironmiki (1985) and Kasi (1992) have
supposed that they are uniformly distributed in homogeneous soil and rock
medium, i.e. they form semi-infinite space sources of radiations. Then on the
soil surface the radiance of their y-photons obey the Lambert’s law I =1I; cos&,
where [, =g,/ (47r,up), Mis the mass attenuation coefficient, o density, g;
number of photon emitters per m’, and i = K, U or Th for the emitted radiation.
For the deposit of radioactive cesium it can be supposed a plane at the depth d
below soil surface. Then I¢, = g¢/4m, i.e. the radiance of their 661.6 keV
photons at the plane is direction independent. Above the plane is the soil layer
attenuating them. In the measurement the counting rate is

R= IMCXP(_ y77¢] r)2ﬂrdr, (D
r

where a = h is the detector height above soil surface for the natural radiation,
and a = h + d for the cesium measurement. a includes the influence of snow
water equivalent s (mm). The formula

R=R,exp(—as"™®), )

(Tollan, 1985) also will be considered below.
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Fig. 1. Airborne gamma ray spectrum (25.2 liter scintillator, counts/s per 24 keV
broad channel) of natural radioactive elements before Chermnobyl. The
TOTAL COUNT as here was used in the surveys before the Chernobyl.
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Fig. 2. A year 2000 energy spectrum in linear count number scale.

CESIUM DEPOSIT AND USE
Radioactive '¥’Cs deposit was about 2 kBq/m2 in the northern hemisphere until
the Chernobyl accident 26.4.1986 occured.

After the accident, a couple of years later, from its fall-out only the cesium
isotopes ’Cs and '**Cs were easily detectable and few years later the peaks of
B34Cs (half life 2.062 a) were vanishing. Today the latter is not to be seen in the
usual spectrum. But the peak of ’Cs (662 keV, half life 30.07 a) is very clear,
Figs. 2 and 3. Its deposit today is 15 kBq/m2 in the southern half of Finland.

The background in the window is caused by those photons, which have
originally had higher energies and have scattered. This background is to be




subtracted before water equivalent calculation.

1000
§ Th
§ 10 .
&)
.l N\
&— TOTAL COUNT proposal—p
0,1 } } } } f

0 500 1000 1500 2000 2500 3000

keV
g 137CS K

Fig. 3. Photon energy spectrum (25.2 1 scintillator, 24 keV channel) in year
2000, cf. Fig. 2, and pure germanium semiconductor GPS spectrum,
measured in Finland 15.8.1995 (RESUME 1997, France and Germany).

In Fig. 3 I propose that the lower boundary of TOTAL COUNT window
could be about 750 keV, then cesium does not disturb the traditional snow
survey procedures. A photon number in any channel below about 720 keV has
considerable cesium contribution. Cesium photopeak window (Fig. 3) is now an
additional data in measurement. In Fig. 2 and 3 you see that its pulse number is
high. 1 see that the cesium window should be just in the photopeak and its width
(in scintillation spectrum of Fig. 3 in four energy channels) should not be much
larger than the photopeak half-height-width. This is because the number of
Compton-scattered K-, U- and Th-photons in the Cs-window depends on snow
and soil moisture. The K-, U- and Th-photons contribution can be determined by
using the numbers of pulses in the energy channels just above Cs-photopeak
energies. When the Ge-detector is in use, this background subtraction procedure
is easier (and the Compton-background also smaller).

In Table 1 there are given the mass attenuation coefficients, @, of photons in
water, dry soil and air. A lot of photons, that reach the detector, penetrate the
snow layer in small angles and from long distances. The photon that is detected
in its photopeak-window (Thorium-, Uranium, Potassium or Cesium-window)
has not lost its energy. For the 16.8 1 scintillator package (4" thick) Allyson and
Sanderson (1998) have determined detector functions D(6) for which can




approximately be written D = Dy cosé + D; (where D/Dy = 0.44 for cesium,
0.59 for potassium and 0.72 for thorium may be are good enough). For the 25.2 1
scintillator and larger ones the D,/D; probably is smaller.

Table 1. Photon mass attenuation coefficients in water, i, dry soil, g, and air,
[a determined from the tabulations, Hubbell et al. (1980), Hubbell and
Seltzer (1995). The dry soil has the mean content of the earth crust, with H
content 0.14 % by weight. For air the water mole fraction 0.0126 is used.

Photon  Energy U Lds Ka
Window  emitter keV 10”° m/kg 10° m%/kg 10° m%/kg
Thorium 2057 2614.5 427 3.87 3.85
Uranium 219Bi 1764.5 5.28 4.74 4.76
Potassium K 1460.8 5.83 5.22 5.25
Cesium iy 661.7 8.57 7.67 7.71

Let us compare the use of different photon windows. We use the
approximations: semi-infinite, homegeneous Th, U and K space sources, and Cs
plane source d = 4 cm below dry 1500 kg/m’ soil surface. Then the solutions of
Eq. (1) are R; = 2z D, I; E{x), where i = Th, U, K or Cs and in the exponential
integral Efx) the order value j = 1,2 or 3, x=u,p,h+ (U0, — #,0,)s for Th,
U and K, and x=pu p,d+ u,p,h+u,p, — #.0,)s for Cs. Kasi (1992) has
shown, how two terms of D = Dy cos@ + D; determine the order j of Eyx). In
Fig. 4 you see that the influences of these terms of D(8) are similar.
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Fig. 4. Relative counting rates of thorium, potassium and cesium, left when
D = Dy cos, and right the same and the result when D( @ ) is constant.




Fig. 4 tells that the Cs snow measurement is accurate when water equivalent
is not much more than 300 mm. In Fig. 2 and 3 from southern Finland you see
that in one second Cs-window count number is more accurate than 10 %. With
Th-window you can measure over 500 H;Omm snow covers, but in long times.
For Tha = 5.6 and b = 0.1 in Eq. (2) are so good that the corresponding curves
coincide. — The more relevant radiation sources and density profiles in soil than
above are not very difficult to be applied. Have a and b physical explanations?

In RESUME (1997) the chair of its planning (J. Hovgaard) used the
scintillation spectrum to determine the depth of cesium. Kasi (1998) points out,
that except snow water equivalent, also moisture in surface soil may today be
determined.
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