Change in the spectral characteristics of spent nuclear fuel during prolonged storage
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The fission of heavy nuclei leads to the formation of great amounts of radioactive nuclides, which are absent in the fresh fuel. The number of fission products reaches to several hundreds, and the majority of these products decay fast enough. The radioactivity of nuclear waste (spent fuel) is monitored by the emission of several types of ionizing radiations. Its influence can only be detected by their interaction with matter. Gamma radiation is the most penetrating. Thus, the most important physical characteristics of spent nuclear fuel are the composition and the intensity of SNF external radiation. They determine the necessary precautions for the implementation of technologies for spent fuel. SNF gamma spectrum consists of several hundred lines of gamma - rays of different energies and intensities.
In this work a spatial technique is developed. It allows calculating of the spectral composition of the gamma - rays for an arbitrary set and radionuclide concentrations, and analyzing of its temporal change.
In [1] the radiation characteristics of irradiated nuclear fuel are described. As part of this work, they were used with the addition of [2]. The chosen approach enables to calculate the spectral content at arbitrary moment of time. In this case calculations were carried out after 5, 10, 15 and 20 years of exposure. To solve this problem, only 10 radionuclides were selected: 85Kr, 90Y, 106Rh, 125Sb, 134Cs, 137Cs, 144Pr, 147Pm, 154Eu, 155Eu. They have a maximum activity after 3 - years of exposure in the pool.
The method of calculation was follow. The energy range is divided into group by 100 keV. Every nuclide falls into certain group, corresponded to its energy. The output spectra of the spent fuel were calculated by MathCad 14 package.
The distribution of the spectral composition of elected 10 radionuclides was obtained using the present method. Analysis of the results showed a good agreement with [3], where more than 60 radionuclides was considered, for all energy ranges. Also there was determined a sharp decline in the high energy component of the spectrum with increasing storage time, which corresponds to the experimental data.
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