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Abstract Some years ago, various industrial activities in Western and Eastern Europe produced wastes from radioactive natural elements that were stored near the place of production in uninhabitable areas. Mining, processing and manufacturing often produced hazardous wastes, which were poorly managed. Over time, these radioactive materials have become present in the environment. Thus, some of these radioactive elements can migrate depending on their chemical nature, type of confinement and the evolution of the ecosystems where they are localized. When they migrate, they can become a health hazard for the population. They migrate to people either by dissolution in the local hydraulic systems or by direct (wind, attachment on aerosol, ...) and indirect (wild fruits, cultures, ...) transfer. Moreover, in all cases, such contaminated sites contain high sources of radon and represent a very important health risk. We have developed various techniques and methodologies to take into consideration the potential risk of these wastes with special attention for radon. The instruments we have used were first calibrated in our laboratory in order to precisely quantify their results. Next, we performed a preliminary survey for a site in Bulgaria and one in France. 1. Introduction The industrial use of radioactivity generates waste, products and substances that are useless and more or less toxic for the environment. Nowadays, many national laws require official organizations to establish a comprehensive inventory of the nuclear waste generated from the past, the present and, most of all, for the future. 283 M.V. Frontasyeva et al (eds.), Radionuclides and Heavy Metals in Environment, 283-290. © 2001 Kluwer Academic Publishers. Printed in the Netherlands.
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There have been many cases, even in recent times, where radioactive waste and other unsafe materials have been irresponsibly dumped, leading to contaminated sites. Nowadays, for economical reasons, particularly in various eastern countries, some polluted sites with natural radioactive waste (uranium 238, thorium, radium 224 and 226 and their daughters) have been left unmanaged. The various research programs that we are leading take into consideration the potential risk of these wastes - radium, thorium and uranium products - from their migration into the environment to people, with special focus on radon effects. To perform our investigations, we have developed complementary techniques in the detection of radon and its decay products (silicon detector), and in the detection of alpha and gamma emitters (thermo-luminescent detector). A methodology has been developed to analyse the radon concentration and the gamma pollutants in large and varied areas. The aims of these studies are to obtain the distribution of radioactivity and the variation range. Moreover, the instrumentation using passive detectors must allow for the study of the migration of the radioactive elements (alpha and gamma) directly in situ. The technologies used must also be affordable. 2. The Development of Tools for Monitoring the Environment



To determine the consequences and the hazard risks in the surrounding area of a radioactive waste site, different steps must be performed. First, a major historical study must be conducted in order to define the radioelements that have been used there and their chemical treatments. Second, the level of contamination for the whole area of the contaminated site must be measured. The monitoring systems used for this step must be able to quickly determine these levels. A portable gamma dosimeter can be used to map the dose at the surface of the site and measure the various samples (air, water, sediments, plants...) collected at various points. The results of these preliminary studies can be called the "doubt-removing" step, because the existence of a site where radioactive waste is either generated or stored must not be automatically associated with the notion of radioactive pollution. In other cases, where contamination has been detected and the site shows traces of radioactivity that has had an impact on the environment or the population, the required clean-up and intervention is taken. Various techniques have been developed to increase the knowledge of radioactive pollution and the health risks involved for the population due to the existence of radon 222, produced by the decay of radium 226. 2.1. FIELDWORK ALPHA SPECTROMETRY



Silicon photodiodes are used to detect visible light, but they can also be used to detect radiation, and particularly alpha particles [1], [2], [3], [4]. Due to their low cost and high quantum efficiency, a new kind of alpha spectrometry has been developed, which has been successfully applied for radon and radon progeny measurements. This work has been developed within the framework of the Ph.D. of M. Voytchev [5]. A commercial silicon photodiode (Hamamatsu S3590-02, p-i-n junction type) was used as an alpha-particle detector. The active area of the diode was 1 cm2 (1 cm x 1
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cm), the depth of its depletion zone - 200 fxm. The working voltage was IV. No detector window or vacuum installation were used. Figure 1 represents an alpha spectrum obtained using the photodiode detector in the environmental radon chamber. 222Rn (5.5 MeV) does not have a clearly resolved peak due to its gaseous nature and volume detection. It forms a relatively uniform distribution in the interval from 1-2 MeV up to 5.5 MeV. Radon daughters distributed in the space around the diode contribute to this distribution. However, the part of them that is deposited on the photodiode surface (due to their positively charged solid-state ions) gives rise to two peaks of 6 MeV (218Po) and 7.7 MeV (214Po). It should be noted that the 214Po peak is bigger than the 218Po one. That is because it is a consequence of 218Po deposited and trapped on the diode surface which decays into 214Po, and 214Pb and 214Bi (products of 218Po decay) that were initially distributed in the volume around the photodiode and that have been consequently plated out. Finally, the presence of a peak can be observed at the very beginning of the spectrum due to electronic noises (up to 1 MeV). We should note that later on the discriminator of the spectrometer was adjusted so as to discard them.



Figure 1. Alpha spectrometry performed with a photodiode detector in a radon chamber (bias voltage = 1 V, radon concentration =14 kBq m"3, spectrum accumulation time = 10 h).



A linear dependence of the diode response in each zone of interest was also observed versus the activity concentration. The results made it possible to use this photodiode for measuring radon and its daughters. In order to dispose of an in-situ alpha particle measuring system, a portable and autonomous alpha counter was developed, which thanks to our study, is exclusively optimized for field radon and decay measurements. In addition to the photodiode detector, the counter includes a miniature preamplifier attached directly to the diode and associated electronic equipment that perform data accumulation and counting. This part is made up of an amplifier and a three-channel energy analyzer whose limits can be adjusted by four trimmers. For radon and its decay detection, the three channels are fixed as follows: -1: 2-5.5 MeV (for nuclides distributed in the detection volume; - II: 5.5-6.5 MeV (for 218Po deposited on the diode) and - III: 6.5-8.2 MeV (for 214Po deposited on the diode). The
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electronic equipment also includes a microprocessor and a LCD display that can indicate the content of the three channels, the time of measurement and the state of the system. The portable alpha counter is small and light (weight of 250 g) with a power supply of 6 V and consumption of 15 mA h. The response of the alpha counter versus the radon activity concentration was calibrated for each of the three channels and for four different geometries: - without the cell for measurements in large spaces; - with a cell (3.6 cm in diameter x 20 cm high) for measurements in soil; with a cell (16 cm in diameter x 14 cm high) for measurements in both large spaces and in soil; and with a container (12 cm in diameter x 10 cm high) for measurements of radon exhalation of some materials (soils, sands ...) placed within the container for determining the radon flux. The uncertainty of a measurement with the portable alpha counter depends on the radon activity, the measuring time and the chosen measuring cell. Complete data and details for both calibration and uncertainty calculations are available in [5]. The counter makes it possible to know in a matter of a couple of hours the radon concentrations for the chosen place. Moreover, the result was obtained as the average value of the results from each of the three channels, a fact that increased the final precision (generally around 10%). The low cost (about 500 USD), small dimensions and the autonomy of a few weeks also help justify the use of this alpha counter. The photodiode detector must be protected against external electromagnetic fields. In these cases, the photodiode is put in a plastic cell covered by a metallic layer that is connected to the ground of the associated electronic equipment. The dimensions of this cell define the geometry of the measurement and play an important role in the detection efficiency.



Figure 2. Study of the geometry dependence.



Figure 2 shows the study that was conducted concerning this dependence. The photodiode was placed within a 20-cm-long cell (3.6 cm diameter) and the cell was put in the radon chamber. In the beginning, the diode was in the highest position in the cell (position 0 cm). In the following cases, it was placed lower, step-by-step, until it was out of the cell (position 22 cm). For each position, it measured the peak area counting rates of the 214Po and 218Po peaks and in the interval of 2 - 5.5 MeV.
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The presence of a cell around the diode decreases its detection efficiency. The influence is stronger for a radon progeny that can attach itself to the interior cell walls before reaching the photodiode surface. For radon itself, being a gas, the efTect is much less significant. In conclusion, we have an in-situ radon-measuring system and a portable and autonomous alpha counter. Its three channels are optimized respectively for the detection of the volume-distributed nuclides (222Rn and its decay) and for the deposited 218Po and 214Po. Thus, the alpha counter can determine the radon activity concentration that belongs to each of the three channels. Allowing for continuous measurements, it can also be used for the determination of the radon exhalation flux. 2.2. FIELD WORK GAMMA AND ALPHA EMITTER DETECTION



The second tool we have developed is a thermo-luminescent (CaSO4: Dy) probe for measuring gamma radioactivity in the soil with the possibility of evaluating at the same time the alpha (especially radon) and gamma contribution to the global response of thermo-luminescent detectors. The thermo-luminescent detectors (CaSO4 :Dy) "Protecta" have been developed by the Institute of Nuclear Research and Nuclear Energy of the Bulgarian Academy of Sciences, and are now available through the partnership PROTECTA. The TLD material is prepared by the usual method [6]. They are 0.45 cm in diameter, 0.04 cm thick and are encapsulated in an aluminium cover. For natural radiation measurements in soil, we have studied the performance of two types of thermo-luminescent probes (with and without external perforations) for alpha and gamma measurements. A pumping system was added to the probe to assure the same air volume conditions.



Figure 3. Radon environmental chamber with pitchblende source and response of TL- detectors as a function of the vertical position.



Experiments carried out in the laboratory in France show the efficiency of this technique of detecting the position of the gamma source in a radioactive environment. Sets of 10 TL- detectors wrapped in aluminium foil were exposed for 100 hours in a radon environment box of 5 m3, where the radon concentration was 10 kBq per m3.
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Inside the box, a pitchblende source was placed to generate radon and gamma exposition (Figure 3). Two types of probe have been developed to perform fieldwork measurements: one with holes to register gamma and radon emitters coming inside, and one without holes to analyse only the gamma rays. In both measurements, the TLD was wrapped in aluminium foil to avoid the influence of humidity, dust and light. The behaviour of the thermo-luminescent detectors in a gamma and alpha environment was calculated using Monte-Carlo codes [7]. Moreover, these probes are defined in order to investigate in situ the risk of exposure in soil at different depths. Thus, it is possible to precisely identify the position and the nature of the radioisotope.



Figure 4. Comparison of results (A: probe with holes: gamma + radon daughter emitter measurement; B : probe without holes: gamma emitter measurement).



2.3. FIELDWORK MEASUREMENTS



For the fieldwork measurement, the various techniques were carried out in order to monitor a contaminated site. The silicon detector that operates continuously and autonomously can measure radon exhalation, radon flux, and after a long period, the temporal variation of the radon exhalation at one point of the site. The alpha-gamma probes were used to draw the dosimetric and radon emanation maps, of the site and the vertical distribution near the surface of the soil.



3. Applications for Monitoring Nuclear Waste Storage Plants 3.1. THE URANIUM MILLING INDUSTRY IN BULGARIA



This work was developed within the framework of the Ph.D. thesis of Milena Kostova. This research concerns the evolution and the future of the industrial uranium and radium waste products near the village of Eleshnitsa, Bulgaria. This village is located in a valley that is a centre of uranium mining and milling. The investigated area is the main waste deposit site, (uranium milling) produced by the uranium treatment industry.
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The dosimetric map (Figure 5) and Rn soil-gas concentration map (Figure 6) have been measured using the different devices described above.



Figure 5. Dosimetric map of the surface of the milling site in Eleshnitsa.



Figure 6. Rn-222 soil-gas concentration map in soil (1m) on the milling area.



The highest values of soil-gas concentration measured in-situ were obtained for the wet zone of the tailings. The high values of 222Rn concentration were also observed at the borders of the site where the finer fractions were deposited. These results are in good agreement with 222Rn emanation coefficients measured in the Bulgarian laboratory versus the grain size and moisture content of the samples. The 222 Rn emanation coefficients for tailings were measured and the effects of size fractions and moisture will be studied in the order of the Ph.D. work of M. Kostova. 3.2. RADIUM IN THE "DOUBS" RIVER IN FRANCE DUE TO THE WATCHMAKING INDUSTRY For a long time now, the watch industries in France and Switzerland have been using radium in scintillation material to apply luminescent paints to watches. A large quantity of this radioelement has been distributed in the environment. The watch-making capital of France is the "Doubs" region. The "Doubs" river is the strongest bio-indicator of radium contamination in this environment. Through the Ph.D. fieldwork of S. Lamy, we are currently performing a preliminary investigation. The first results (Figure 7) show that the "Doubs" sediments are contaminated. These results were obtained by gamma spectrometry analysis for samples at different depths in the "Doubs" sediment. Now, we are trying to define the migration coefficient for radium in sediments for vertical and horizontal transfer.
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Figure 7. Contamination by radium and cesium of Doubs river sediments as a function of the depth.



4. Conclusions



We have developed new devices to carry out passive gamma and radon measurements using thermo-luminescent detectors and direct radon measurements using a silicon detector and portable counter. The applications of these devices for the study of nuclear waste sites has made it possible to identify the level of contamination present at those sites. References 1.
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