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Introduction

Anthropogenic radioactive contamination of large land and sea territories produced by nuclear explosions and accidents at nuclear power stations has become global ecological problem. The specific features of Earth land contamination and its radionuclide composition depend on parameters of radioactive sources before and at the moment of ejection in environment, types of nuclear clouds, character of its transportation through turbulent atmosphere and fallout on a ground, surface and underground washouts and other uncontrolled factors [4]. The resultant field has irregular mosaic structure, which restricts the chose of methods of measurements and data proceeding. Contamination of high-level values are concentrated in rare “hot spots” and separated by extended “plateaus” of low values, demonstrating the effect of intermittence [16]. Consequently, maps of contamination for different scales of measurements, obtained according to “topographical” standards [14], i.e. assuming continuity and stationarity of the field, may be not coordinated even visually.   


One of the most interesting features of contamination fields is scale invariance. It was found out in fractal characters of radionuclide spot boundaries nearby Chernobyl and was confirmed on the base of aerogamma spectrometric measurements in Kazakhstan [7].  More complex self-similar feature of contamination measure, named multifractal scaling, was found recently in post Chernobyl fallout in Europe [11-13].  

The nature of radionuclide contamination of Kazakhstan territory is unique. Basically contamination was the product of nuclear explosions made in the Semipalatinsk test site (SNTS). During forty years period there were 470 nuclear explosions, of which 90 were in the air, 25 on the ground and 355 underground. Additional fallout was the results of nuclear explosions in the Chines test site Lop Nor, the traces of South Ural and Chernobyl’s accidents and industrial explosions in Azgir, Lira and others sites.  All these sources had formed extremely complex structure of the field on different scales.

The verification of the speculation about justness of multifractal low for contamination fields produced by independent sources during many years represents scientific and practical interest. The existence of such scaling is equivalent to hierarchy of the structure of contamination spots on scale and intensity and puts the restriction to measurement net for detecting anomalies [5].

The aim of this paper is the verification of hypothesis about multifractal character of radionuclide fields of some grounds of SNTS and regions that are bordering this test site  

Multifractal formalism

Local scaling approach to contamination is based on apprehension that resultant field is the product of nonlinear interaction of geophysical fields taking part in process of radionuclide expanding. Such activity is traced in wide interval of scale from 10000 km to 1 mm [6,15]. In this situation the assumption about scale symmetry is the most simple, when there absents any considerations about mechanisms destroying this symmetry. From another side scaling features is the single theoretical basis for analysis and diagnostics of complex structured fields [9,11].

The idea of multifractality arises when conception of scale invariance is used in theory of measure [3,8,10]. Let 
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It follows therefrom that: 
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. It is easy to make sure, that this functional equation has the power solution 
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 is called multifractal decomposition 
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It is right the follow probabilistic interpretation of multifractal spectrum. The probability to find 
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where 
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 is the box counting dimension. In the case of numerical estimation there is accounted measure 
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, which makes it possible to count multifraсtal spectrum [8].  The latter is convex function of 
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Data.


[image: image43.wmf]We analyze the radionuclide contamination data measured by standard techniques from the air for Karaganda and Semipalatinsk regions and Irtysh grounds of the Semipalatinsk test site. The measurements have been done at different scales, e.g., in Karaganda and Semipalatinsk region the scale is 1:1,000,000, so the distance between paths is 10 kms. There are up to 11000 data points along the paths, with each reading separated by 50 meters. The technique used is based on measurements of (-quanta flow density of 214Bi  (1.12 and 1.76 Mev) to determine the contamination by U, 208Tl (2.62 Mev) to determine Th contamination, 40K (1.46 Mev) to determine K and 137Cs (0.66 Mev) for Cs contamination. Total (-activity is measured in the range of 0.25-3.0 Mev. The height of all flights was about 50 meters and the velocity of the plane was about 125 km/h. Spectrometric measurements were usually made at time intervals of 1 sec. The example of the plot of measurements is shown in Fig.1.


[image: image44.wmf]0

2000

4000

6000

8000

10000

0

50

100

150

200

250

300





n


Figure 1 

The example of values of   137Cs isotope along the path. The ordinate is concentration in milliCurie/km2, abscissa is the number of measurement.   

The Irtysh site was intended for calibration of aero (-spectrometer measurements to investigate surface radionuclide contamination. The site consists of three areas g1, g2 and g3, each of which has the size of 1 km ( 0.4 km and situates near the epi-center of the first nuclear explosion. The investigation of the Irtysh site was done by two methods. In the first method, the samples were taken from the ground on the equidistant grid (65 ground samples collected). The distance between paths, where samples were taken, was 100 m. Radioactive measurements were done with the help of Ge(Li) (-spectrometer in a laboratory. The radioactivity detection limit for Cs was 5 Bq. Mean values of natural radionuclides were the follow: K content is 2%, U content is 1(10-4% and Th content is 6.510-4%. Moreover there were detected the following man-made isotopes: 152Eu having 10% and 241Am with 20-60% of 137Cs activity. To the mind of some specialists the full error of these data is up to 30%.


Aero  (-spectrometric measurements of Irtysh were done in 1994 on scale 1:5000 with the help of aero (-spectrometer. This spectrometer detected the spectrum of hard rays in the range 0.2-3.0 MeV divided on 256 levels. The exposition was 1 sec. and the volume of NaJ(Tl ) detector was 25.2 liters. The spectrometer resolution for 137Cs (0.66 MeV) band was 13%. The measurements were done for three grounds with about 350 points on each ground and 1197 on connected area. Aero spectrometric measurements were done with overlapping of adjacent paths. There were found out the following standard errors of measurements: 0.00004% for Th isotope, 0.00006% for U, 0.3% for K and 0.09 milliCurie/km2 for 137Cs.

Results

In Fig.2 there are shown, as examples, typical multifractal spectra of a few paths of Karaganda region for four isotopes. 


[image: image45.wmf]1.0

1.1

1.2

1.3

1.4

1.5

1.6

1.7

0.0

0.2

0.4

0.6

0.8

1.0

 U

 Cs

 K

 Th

f(

a

)

a


Figure 2

Multifractal spectra of Karaganda path data. 

The distribution of all isotopes demonstrates multifractal scaling. The forms of spectra are various from path to path and clear distinction of 
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 spectra for different isotopes is absent, that can be connected with not enough good separation of spectrometric bands.  
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Figure 3
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 spectra of radionuclide contamination of Irtysh graund.

Fig.3 shows multifractal spectra obtained with the help of aero (-spectrometric measurements of Irtysh grounds. For calculation of 
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spectrum there was used connected ground consisted of 8 parallel paths 3 km in length separated by the distance 50 m.  As the distance between points on the path was approximately the same as the length between paths, there was constructed one dimension array linking all paths in one. Adjusted paths were put together by adding the beginning of the following path to the end of previous one. Such arrays were formed for all isotopes, and multifractal spectra were computed. The results are shown in Fig.3 and one can see good distinguishing of isotopes. The largest range of measure intensity is observed for man-made 
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. The detection of multifractal scaling for natural isotopes is not so surprising.  It is known that size and size-grade distributions of giant and supergiant mineral deposits have high-value tails of Pareto and lognormal types [1]. Such types of distributions are in a good agreement with multifractal scaling.  

Conclusion. 

Obtained results prove the justness of existence of multifractal scaling for extended natural and man-made isotopes. Different isotopes may be distinguished on their scaling behavior.   Multifractal scaling of man-made 
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 isotope contamination points out the existence of hierarchy of “hot spots” on all scales and for whole range of contamination concentrations. These anomalies form fractal sets of small (
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 [5,9]. In our case the necessary dimension of the net is 
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. The best variant of the investigation is covering the territory by overlapping measurements where 
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. However, this is impossible for large areas what with financial reasons. So, as the dimension of the aerogamma net is always < 2, the mentioned anomalies can not be detected by traditional in Kazakhstan methodic of measurements. Obviously, it is necessary to elaborate new methodic taking into consideration the scale characteristics of contamination fields.
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