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By calculation methods, the dose rate of the radioactive waste, behind concrete protection, was evaluated in current work. Parameters, 
which were taken in account in the calculations, are geometry of the protection shell, size of the source and its isotopic composition. 
As model geometrical parameters the spent fuel assembly’s size and thickness of the concrete wall of the ventilated storage container 
(VSC)-VVER were taken. The computer program that does numerical calculation was composed in the Wolfram Alpha environment. 
The program takes into account change of the isotopic composition and spectra of gamma-radiation with time. Calculation results 
were compared to the known data on the spent nuclear fuel heat dissipation. Approach described in this work can be used for fast 
estimation of change in the quality of radioactive waste (RAW) in the long-term storage without recycling, for different initial 
isotopic composition. Obtained results were analyzed on the matter of change in gamma-radiation of RAW. 
KEYWORDS: radioactive waste, dose rate, long terms storage, concrete protection, isotopic composition 

 
ЗМІНА ЯКОСТІ РАДІОАКТИВНИХ ВІДХОДІВ ПРИ ДОВГОСТРОКОВОМУ ЗБЕРІГАННІ 

М.С. Маловиця, С.О. Письменецький, Г.С. Хрущ, О.П. Щусь 
Харківський національний університет імені В.Н. Каразіна 

61022, Україна, м. Харків, пл. Свободи, 4 
В цій праці чисельними методами розраховувалась потужність дози випромінювання радіоактивних відходів за бетонним 
захистом. При розрахунках враховувалася геометрія захисної оболонки, розмір джерела та його ізотопний склад. В якості 
модельних геометричних параметрів були взяті розміри відпрацьованої тепловиділяючої збірки (ВТВЗ) та товщина 
бетонного контейнера зберігання, що провітрюється (КЗП)-ВВЕР. Для проведення чисельних розрахунків, в середовищі 
Wolfram Alpha була складена комп’ютерна програма. В програмі враховується зміна ізотопного складу відпрацьованого 
ядерного палива з часом та зміна енергетичного спектру гамма-випромінювання. Проведено порівняння результатів 
розрахунків з даними по тепловиділенню відпрацьованого ядерного палива (ВЯП). Методика, що використовувалась, 
дозволяє проводити швидку оцінку зміни якості радіоактивних відходів (РАВ) при довгостроковому зберіганні без 
переробки, при різному початковому ізотопному складі палива. За результатами розрахунків був проведений аналіз зміни 
гамма-випромінювання РАВ. 
КЛЮЧОВІ СЛОВА: радіоактивні відходи, потужність дози, довгострокове зберігання, бетонний захист, ізотопний склад 

 
ИЗМЕНЕНИЕ КАЧЕСТВА РАДИОАКТИВНЫХ ОТХОДОВ ПРИ ДОЛГОВРЕМЕННОМ ХРАНЕНИИ 

М.С. Маловица, С.А. Письменецкий, Г.С. Хрущ, А.Ф. Щусь 
Харьковский национальный университет имени В.Н. Каразина 

61022, Украина, г. Харьков, пл. Свободы, 4 
В данной работе численными методами рассчитывалась мощность дозы излучения радиоактивных отходов за бетонной 
защитой. При расчётах учитывались геометрия защитной оболочки, размер источника и его изотопный состав. В качестве 
модельных геометрических параметров были взяты размеры отработанной тепловыделяющей сборки (ОТВС) и толщина 
стенки бетонного вентилируемого контейнера хранения (ВКХ)-ВВЭР. Для проведения численных расчётов, в среде Wolfram 
Alpha была составлена программа. В программе учитывается изменение изотопного состава отработанного ядерного топлива 
со временем и изменение энергетического спектра гамма-излучения. Проведено сравнение результатов вычисления с 
известными данными по тепловыделению отработанного ядерного топлива (ОЯТ). Используемая методика позволяет 
проводить быструю оценку изменения качества радиоактивных отходов (РАО) при долговременном хранении без 
переработки, для различных изотопных составов топлива. По результатам расчётов был проведён анализ изменения гамма-
излучения РАО. 
КЛЮЧЕВЫЕ СЛОВА: радиоактивные отходы, мощность дозы, долгосрочное хранение, бетонная защита, изотопный 
состав 

 
Production and accumulation of the radioactive waste (RAW) are one of the major problems associated with the 

use of nuclear energy in any of its forms. According to the existing data, there is about 300 thousand tons of 
accumulated spent nuclear fuel (SNF) with total activity of ~1020 Bk, and by year 2030, this quantity is predicted to be 
500 thousand tons. In particular, importance of this problem is reflected by the fact, that in the last years several 
monographs [1-5] on the problems of dealing with RAW were published. 

Leaving aside the cosmic origin and associated with uranium mining radionuclides, in this paper we will consider 2 
forms of RAW: 1) contained in SNF; 2) the so-called operational waste of nuclear plant. According to the established 
terminology, in countries, where radiochemical or other recycling is not intended (for example - Ukraine), it belongs to 
the high-level RAW (HLW). 
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The calculation uses the percentage value of the contribution to the total activity of the isotope source at a time 

      (2) 

Renormalizing condition according to (1) 

                                                                                (3) 

Data on the total activity of SNF and its behavior were investigated and presented in [12]. The dose rate can be 
calculated based on the isotopic composition. 

 
CALCULATION OF GAMMA-CONSTANT 

Rationale for a common approach 
When working with the real sources of ionizing radiation such as SNF four factors should be accounted for: 1) the 

geometry of the problem, 2) self-absorption in the source, 3) the effect of shielding, 4) the isotopic composition of the 
emitter. Since the isotopic composition of the radionuclide mix changes over time, factors 2 and 3 does not remain 
constant. In this context, it is convenient to use, as a characteristic of the source, a generalized gamma constant (GGC) 
[13,14], which takes into account the self-absorption in the volume source and the possible presence of protection and is 
numerically equal to the ratio of gamma-radiation at the observation point to the activity of the source. Generalization 
means that in calculations several factors are accounted for such as different radioisotopes in the sources, each with its 
differential gamma constant and account self-absorption in the body of the source and possible protective screen, 
absorption of which different for each energy of radiation. 

As a model for the calculation of the source fragment of the standard VVER-1000 has been selected, presented in 
the form of a cylinder with diameter of 250 mm and height of 2.5 meters with the closest to the real filling, consisting of 
322 kg of uranium dioxide, 109 kg of zirconium and 14 kg of steel, located in the air. The disposition of fuel and 
concrete protection is shown on the Fig. 3. 

Radionuclide composition of the SNF was taken according to 2000 y. [15] data and is given in Table 1 below. 
There are also differential values of gamma constant of the radionuclides components. 

The composition of fission products from Table 1 after 3 years of aging was selected for calculation. For smaller 
aging time the SNF data was not considered because the problems, discussed in this article, related to the quality of the 
radiation protection of the concrete, where the fuel is stored after 3 years of aging. Another reason is the intense 
radiation of short-lived isotopes in fresh spent fuel, making it difficult to measure its composition. 

 
Table 1. 

 

The initial isotopic composition SNF [15] 

Isotope Activity %  Γ, aGy×m2/(s×Bq) 
90Sr 19,20 7,85E-07 
106Ru 16,95 7,48E+00 
134Cs 7,25 5,76E+01 
137Cs 26,29 2,11E+01 
144Ce 18,55 5,28E-01 
147Pm 9,65 1,06E-04 
85Kr 0,77 8,43E-02 
154Eu 0,74 4,34E+01 
155Eu 0,61 1,57E+00 
   
   Fig. 3. Geometry for computation [12] 

The attenuation coefficient for concrete protection can be taken from known tables. And the attenuation coefficient 
due to self-absorption for the spent fuel assembly (SFA), consisting of several components with total amount of 
(uranium – 450 kg, 55 kg oxygen and zirconium 200 kg). For calculations instead of zirconium the data for attenuation 
coefficient were taken for the nearest element with known tables of absorption coefficients, in this case molybdenum. It 
was assumed that these elements are distributed uniformly over the volume. Accordingly, knowing the density of each 
element and the mass attenuation coefficient [13] it is possible to calculate the total linear attenuation coefficient. 

 
Method of calculation of the GGC 

The dose rate of gamma radiation was calculated by the standard method [13] at the point opposite the mid-
cylinder power at a distance of 1 m from its axis, also with placing concrete wall with thickness of 30 or 60 cm between 
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the source and the observation point. Gamma constant of the j-th isotope containing several gamma lines can be 
calculated as follows: 

                                                                                  (4) 

where  - gamma constant for a certain line of energy  - quantum yield of photons of a given energy. Here, j - the 
index of the isotope in the mixture, i - the index of the gamma line. 

Total dose rate of a mixture of isotopes can be expressed as: 

                                                                               (5) 

where j is the index of isotope, r is the distance from the source to the observation point. 
Generalized gamma constant - the ratio of gamma radiation and the activity of A at a distance r, which can be 

written as follows: 

                                                                              (6) 
Substituting in (6) the expression (5) yields: 

        (7) 

This expression was used by us to calculate the GGC for ideal point source. 
For the volume cylindrical source dose rate calculated according to [13]: 

    (8) 

here h is the height of the cylinder, b is the distance from its axis to the observation point, R is the radius of cylindrical 
source, and d is the thickness of the protection screen. 

Reduction factors for self-absorbing cylinder ( ) and protection (μ) depends on the energy of photons, therefore, 
the dose must be calculated separately for each gamma line. The total dose rate - the sum of the partial dose powers. 

For radiation of one isotope, we have: 

                                                    (9) 

And GGC of the self-absorbing cylinder with one emitting isotope with a protective screen we get: 

                                               (10) 

As you can see, this value does not vary with time as it does not contain time dependent arguments. 
For GGC isotope mixture, the total activity A can be obtained: 

                                                                  (11) 

                                                                   (12)  

In this expression activity and gamma constant of individual elements are multiplied, making it impossible to 
separate them into two separate sum (sum of the activities and the amount of gamma constant). In this case, the value of 
the GGC is time dependent because for different isotopes half-life is different, thus the percentage   contribution of the 
j-th mixture isotope will vary. 

Expression (12) was used to calculate the generalized gamma constant (GGC) cylindrical self-absorbing source 
with protection. 

 
The results of calculations of external radiation SNF 

Authors have developed a unique computer program, which calculated gamma constant according to the eq. (12). 
The decay of the SNF isotopes was also taken inti account as a change to the energy distribution of the gamma spectrum. 

Fig. 4,5 show the calculated dependence of the GGC versus time for an ideal point source and a source with self-
absorption accordingly. Accounting for self-absorption in the source characterizes the heat release caused by gamma 
radiation of the SFA. Obtained GGC is consistent with the data from [11], if the activity is calculated for the data of the 
Table 1. Also, from this graph, you can conclude that the dose rate of the ideal source decreases slower than activity 
with time the first five years, and then decline is at the same speed. This is due to the rapid depletion of the isotopic 
composition of gamma emitters in the first 3-5 years of age and accompanied by an increase of GGC. Values of the 
GGC curve on Fig. 5 about an order of magnitude smaller than on Fig. 4 due to self-absorption power. Also, this graph 
proves the rule, which says that the total activity of the SNF mixture the first 30 years is decreasing faster than the decay 
heat. 
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CONCLUSION 
To produce the best technology of radioactive waste (SNF) management, accurate and reliable information on the 

properties of the SNF during prolonged storage is needed. Accumulated to date, research results and authors’ 
assessments allows to establish some laws relating to the physical properties of the RAW (SNF) for long-term storage 
without recycling. Approach of the GGC proposed by the authors to assess the quality of RAW (SNF) proved effective 
and showed characteristic changes in the quality of spent nuclear fuel. It is, first of all, the backlog in decrease of activity 
from the decrease of the energy release and dose power of radiation, then the establishment of the equilibrium spectrum 
and exponential decay of dose power of γ-rays, and, finally, reducing the role of radiation fission products and actinides 
dominance radiation after 30-50 years of aging. 

Unique computer program that calculates SNF gamma radiation parameters was developed. The program takes into 
account isotope decay, geometry of the source, and concrete protection. 

In this paper, for various reasons of such an important factor in assessing the quality of spent nuclear fuel as the 
neutron radiation, especially for spent nuclear fuel with a high level of burnout, remained outside the consideration. 
Along with the problem of dealing with nuclear operating waste these questions waiting for the optimal solution. 
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