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Annomayusn. B xauecmee vleopaiouje2o no2n0mMumens 6 mopuesom peakmope npeoiazaemcs Ucnoib306amb
0ubOpUO YUpKOHUS, HANBLIEHHBII HA 000A0YKY MEIA. TIpu pasnuyHoll moawune Hanvlilenus Osl pA3IUIHO20 NO
HYKIUOHOMY COCMA8Y MONIUBa OblLIU UCCIe008AHbI NOGedeHUe 3anaca peaKxmusHOCIMU, dHepeo8blpabomKa u
UBMeHeHUe HCECMKOCMU CReKMpPa HeUmpoHO8 8 meyenue KAMIaHUuU.

Hcnonv3osanue svicoparoweco noziomumens 8 MOPUEBOM peaKmope 3d CYem YHceCmoueHus CheKmpa
HeUmpoHO8 8 MONIuee NPUuBOOUMm K pOCHY HAPAOOMKU 6MOPUUHO20 MONIUEd, 8 C8A3U C uYeM OblIo

npoaxHalusupoO6aHo U3SMeHeHUue HyKJZu()HOZO cocmaea monjiuea 6 medeHue epemenu pa60mbz peakmopa.

There are a few reasons for using thorium into the fuel cycle. Firstly, the world’s reserves of thorium are 4-5
times bigger than uranium reserves. Secondly, thorium deposits are more widely spread than uranium ones. This
is especially important for the Russian Federation, where uranium resources are said to be enough only for the
next 20 years. As for thorium reserves, they are largely concentrated in Siberia, exactly near the cities of
Novokuznetsk and Tomsk (Tuganskoe deposit of thorium, titanium, zirconium) [1].

The possible way of using thorium in a high-temperature gas-cooled low power reactor was considered in
[2]. Extreme fuel burn-up can be reached with a relatively low reactivity margin at the cost of using thorium-
plutonium compositions and microencapsulated fuel, dispergated in graphite matrix. A burnable absorber can
significantly decrease reactivity margin of such a type of reactor. The present article introduces a possible way of
utilising burnable absorber in a thorium keeping reactor VVER-1000.

Nowadays, the process of improvement of VVER-1000 involves actions of enlarging nuclear fuel burn-up of.
High burn-up is determined by an extended fuel cycle. It becomes possible to extend a fuel cycle by enlarging
reactivity margin. However, high reactivity margin needs to be balanced at the begining of the campaign. Using
a burnable absorber deposited on the fuel cladding allows both balancing excess reactitvity margin and
regulating neutron spectrum hardness [3].

Zirconium diboride was used as a burnable absorber deposited on the fuel cladding. By varying the thickness

of ZrB», energy output, reactitvity margin and changes in neutron spectrum hardness were investigated.
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The computational model was represented by an infinitly high elementary cell of VVER-1000 which
consisted of a fuel rod and a coolant surrounding the fuel rod. To make computations, a real hexagonal cell was
substituted with an equivalent cylindrical one, the cross section area of which was identital to that of the real
hexagonal one.

The fuel cladding of VVER-1000 was made of zirconium alloy with the outer diameter of 0.91cm and
thickness of 0.65cm. The burnable absorber was deposited on the surface of the fuel cladding. The fuel rod
diameter was as of 0.78 cm and the axial bore diameter was as of 0.14 cm. The fuel rods spacing equalled to
1.275 cm.

Neutron-physical computations were performed be means of one-dimentional program WIMS-ANL with a
69-group of neutrons database ANL (WIMSD-5 with database ENDF/B-VI.7).

To implement the thorium fuel cycle, the uranium and plutonium fissile isotopes were used as initial
compositions, which lead to the further testing of different fuel compositions [4].

The analysis of reactivity margin dependence on energy output for different compositions allowed us to make
very important conclusions. Firstly, the maximum energy output could be reached with the uranium fueled
reactor (enrichment 90%). Secondly, the less significant energy output was reached by utilizing a triple
composition UO,+PuO,+ThO; (with uranium enrichment up to 90%). Finally, the composition of PuO,+ThO,
would make the alternative with the least significant energy output.

It is more efficient to deposit the burnable absorber on the fuel cladding rather than on the surface of the fuel
tablet, since this allows enlarging the mass of the burnable absorber. According to Figure 1, the initial reactivity
margin decreases with the increase of the thickness of the burnable absorber in uranium-thorium fuel. Full
energy output remains approximately the same for different thickness of ZrB, due to boron burning.
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Fig 1. Reactivity margin dependence on energy output for UO>-ThO>(1:1) fuel composition with the

burnable absorber:

— Oum, = = 50pum, = ~100 um, = —— 200 um, — =300 um, — - - — 400 um

Comparative studies with the plutonium-thorium composition were also performed. The findings are
presented in Figure 2. To decrease the initial reactivity margin up to 15-17% for PuO,-ThO, fuel, 400-500 um
thickness of deposited ZrB; is required. As far as UO,-ThO; fuel is concerned, 400 um thickness of the deposited

burnable absorber is considered to be enough to decrease the initial reactivity margin by 4%.
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Fig 2. Reactivity margin dependence on energy output for PuO>-ThO: (1:1) fuel composition with the burnable
absorber:
— OQum, = = 50um, = "= 300 um, — — 400 ym, — = 500 um

The application of the burnable absorber in the thorium reactor accompanied by hardening the neutron
spectrum contributes to the fertilization growth. Thus, the concentration of Th-232 decreases faster in the
presence of the burnable absorber rather than without it. The concentration of Pu-241 increases in time, as well
as the concentration of Pu-239. In addition, the rate of Pu-241 accumulation increases in the end of the campaign
in the presence of ZrB, rather than without it.

It is possible to minimize the decrease of reactivity margin and maintain it within a long period of time by
using optimal thickness of the burnable absorber (200 pm for uranium-thorium fuel, 300-500 um for plutonium-
thorium fuel). This period of time will be enough to provide stable work of the nuclear reactor.

A high reactivity margin is required to provide a long-term campaign for the conventional reactor. A long-
term campaign for the reactor containing a burnable absorber can be obtained with a low reactivity margin.

Zirconium diboride proved itself as a potentially applicable material for realization of uranium-thorium and

plutonium-thorium cycles.
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