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Development of thermoluminescent probe for natural radiation measurements in soil R. Isabey-Gschwinda'*, L. Makovickaa, D. Kleinb, E. Duvergera, M. Voytchevb'c *LMIT - CREST, place Tharradin, BP 71427, 25211 Montbeliard cedex, France b ISTE, place Tharradin, BP 71427, 25211 Montbeliard cedex, France C INRNE, Bulgarian Academy of Sciences, 72 Tsarigradskoe Chausse, 1784 SOFIA, Bulgaria



Abstract The principal aim of these theoretical and experimental studies is the development and realisation of thermoluminescent (CaSO4: Dy) probes for the measurement of gamma radioactivity in soil with the possibility of also evaluating the alpha (especially radon) and gamma contribution to the global response of these thermoluminescent detectors. © 2001 Elsevier Science Ltd. All rights reserved. Keywords: TLD; Monte Carlo simulation; Soil radioactivity measurement; Radon; Gamma emitters



1. Introduction



2. Preliminary Results



For many years LMIT and ISTE have collaborated with the INRNE at Sofia in order to develop, optimise and use thermoluminescent detectors for personal dosimetry. These detectors "Protecta" have been developed in the Institute of Nuclear Research and Nuclear Energy of the Bulgarian Academy of Sciences and are now available from the partnership PROTECTA. The TLD material, prepared by the usual method (Guelev et al., 1994), have a 0.45cm diameter, 0.04cm thickness and are encapsulated in an aluminum cover. During this cooperation (Isabey et al., 1997) we have extended our research to include development of these detectors for natural radiation measurements in soil. Our studies have focused on the realisation of two types of thermoluminescent probe (with and without external perforations) for alpha and gamma measurements. A system of pumping was added to the probe to assure constant air volume conditions (Fig. la and b).



Experiments carried out at the french laboratories (ISTE & LMIT) have demonstrated the ability of this technique to detect the position of a gamma source in a radioactive environment. A set of 10 TL- detectors wrapped in aluminum foil have been exposed for lOOh in a radon environment box of 5 m3, in which the radon concentration was lOkBq per m3. A pitchblende source was placed inside the box, to generate radon and gamma exposure (Fig. 2).



*Corresponding author. E-mail address: [email protected] (R. Isabey-Gschwind).



3. Probe optimisation Since the first experimental results, two probes have been developed: one with holes to register both gamma and radon emitters and the second without holes to analyse the gamma ray response only. In both measurements the TLD have been wrapped in an aluminum foil to avoid the influence of humidity, dust and light (Fig. 3). The gamma response decreases as a function of distance between the source and detector. Conversely, for the radon gas, the energy deposition increases for all the probes.
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The behaviour of thermoluminescent detectors to gamma and alpha irradiation has been calculated using the Monte-Carlo code EGS4 (Nelson et al., 1985) and our own code TLALFA (Alpha Transport for TLD). The theoretical results obtained allow choice of the geometry and the dimensions of the probes (Fig. 4). The response to alpha energy deposition as a function of the air volume exhibits a saturation above about 40cm 3 . We have therefore defined the dimension of the probe as 4.2cm diameter and 50cm depth. The theoretical response of the thermoluminescent detectors in a gamma environment was simulated with the code EGS4 as a function of position using a 137Cs



Fig. 1. (a) Three parts of the probe and the probe with the pumping system, (b) Scheme of the probe.
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Fig. 2. Radon environmental chamber with pitchblende source and response of TL- detectors as a function of the vertical position.



Fig. 3. Comparison of results: (A) gamma + radon daughter emitters; (B) gamma.
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Fig. 4. Theoretical evaluation of the energy deposited in TLD as a function of the air volume.



Fig. 5. Relative response of the TLD as a function of distance from the gamma source.
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source, comparison being made with the experimental response (Fig. 5). The shape of the theoretical and experimental curves for a gamma field are similar. The small systematic discrepancies can be explained by the presence of the thin slab of aluminum in experimental measurements, which reduces the background of the TLD response. Self-absorption in the Cs137 source is also not taken into account in the theoretical model.



4. Conclusion



Using two different Monte-Carlo codes, we have developed a new probe for passive gamma and radon measurements. These probes are capable of responding



to exposure in soil at different depths, from which it is possible to identify precisely the source and the nature of the radioisotope.
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