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The investigations directed to optimization of fuel compositions for two-zone subcritical reactor is considered in
present paper. The study of two-zone subcritical reactor with heterogeneous fuel regard to geometrical, material and
economical characteristics was carried out within the scope of this paper. The calculations of transmutation
characteristics for main isotopes regard to radioactive waste from conventional nuclear reactors was carried out. There
is a possibility for selection of material and geometrical characteristics of two-zone subcritical system in such a way as
to satisfy the objectives for development of subcritical reactor in relation to the magnitude of the neutron flux, the

transmutation parameters and the cost of system.

INTRODUCTION

Further progress of nuclear energy in the world is
impossible without the development of new types of
research reactors, otherwise it is impossible to obtain
new experimental data for benchmark calculations,
verification of new software codes, etc.

One of the greatest challenges for nuclear energy is
highly radioactive waste generated during irradiation in
nuclear reactors. Most of the radioactive hazard from
irradiated nuclear fuel originates from only a few
chemical elements: plutonium, neptunium, americium,
curium and some long-lived fission products such as
iodine and technetium. These radioactive by-products,
although present at very low concentrations in the waste
fuel. As such, it requires isolation from environment in
stable deep geological formations for long periods of
time. Partitioning and transmutation (P&T) [1]
technology is considered as an instrument of reducing
the burden on a geological disposal. As plutonium and
the minor actinides (MA) are mainly responsible for the
long-term radiotoxicity, when these nuclides are first
removed from the irradiated fuel (partitioning) and then
fragmented by fission (transmutation), the remaining
waste loses most of its long-term radiotoxicity.

Accelerator driven systems (ADS) are advanced
nuclear systems, which are particularly suitable for
transmutation objectives. Such a nuclear reactor may be
employed to address several missions, for example
transmutation and generate electricity. ADS presents
several benefits: more flexible with respect to fuel
composition and potentially raised safety.

As the issue of spent fuel management is one of the
most important of the future nuclear power development
in the world, the study of transmutation possibilities
also relevant. There are many international projects in
this way, for example: MYRRHA [2], YALINA [3],
SAD etc., and Ukraine is no exception. We have already
built a subcritical system with an electron accelerator in
Kharkiv [4], and in the nearly future, it is planned to be
launched.

In this work, the authors” main focus on
investigation of two-zone subcritical reactor driven by
high-intensity neutron generator.
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1. MODELING SCHEME
AND CALCULATION METHODS

The presented subcritical system has two zones with
different neutron spectrum. A graphite moderator was
added to arrange the thermal neutron spectrum in the
outer zone. The scheme with light water moderator and
coolant is used, was not considered due to the risk of
light water getting into the inner zone during an
emergency and a significant splash of reactivity, as a
result. Helium was selected to be a coolant in the
internal and external zones [5].

The geometric and material characteristics of the
WWER-1000 reactor fuel rods were used in the fuel cell
model development for the subcritical reactor both
zones. The fuel in fuel cells is uranium dioxide at
different uranium-235 enrichment: System | (in the
internal enrichment zone — 10%, in the external
enrichment zone — 5%); System Il (in the internal
enrichment zone — 15%, in the external enrichment zone
— 3%). The fuel density is 10.96 g/cm®, the fuel rod’s
shell is zirconium+1% of niobium, the fuel cell diameter
is 0.786 cm, the fuel rod’s shell diameter is 0.91 cm, the
fuel rods step in the inner zone is 1.275 cm. The fuel rod
placement square grid was selected for the subcritical
reactor both zones. The uranium dioxide enrichment in
the inner zone at the level of 10...15% was selected
based on the IAEA recommendations on reducing the
uranium-235 enrichment level in the subcritical research
reactors projects [6].

Fuel rods in the outer zone are located for the step of
5cm. There is the space of the helium coolant to
dissipate heat, which is equivalent to the space in the
inner zone with the fuel rods step of 1.275 cm, around
each fuel rod.

The Monte-Carlo Serpent 2.1.26 code was used for
the neutron modeling in the calculations described
below [7]. This code is used successfully both for the
traditional nuclear reactors calculation and innovative
reactors [8-11] and for other applications [12, 13]. The
ENDF/B-VII library has been used as the evaluated
nuclear data library for all presented calculations [14].
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2. SERPENT MODELING RESULTS

2.1. NEUTRON AND ECONOMIC PARAMETERS
CALCULATION OF SYSTEM WITH
HETEROGENEOUS FUEL COMPOSITION

The first step in the subcritical systems with
heterogeneous fuel composition study was to model the
change in the internal zone volume with fixed fuel
composition of both zones (for Systems I and 1) and with
a fuel rod in the external zone fixed step of 5 cm. The
cross section of the subcritical reactor typical two-zone
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Fig. 1. A subcritical reactor typical model scheme
(cross-section)

System | was modeled to change the inner zone radius
(and consequently the inner zone volume) in the range
from 10.5 to 43.5 cm, and System Il was modeled to
change the inner zone radius in the range from 10.5 to
50.5 cm. The neutron fluxes normalized to one neutron of
an external source for internal and external zones and for
the entire subcritical system were counted. The main
Serpent modeling neutron, geometric and economic
characteristics for System | are presented in Tabl. 1, for
System Il — in Tabl. 2. The main modeling parameters
were similar to those described in the previous article
(homogeneous model calculation) [19] in the “1.3
Modeling scheme” section and selected on the basis of
the author’s previous works [15-20].

model designed by Serpent code is shown in Fig. 1. Fig. 2
shows the “mesh” image of the subcritical reactor both
zones cross-section. As indicated in the Serpent code
description concerning the “mesh” images: ... the color
scheme is divided into “hot” shades of red and yellow,
representing the relative divisions power in the system,
and “cold” shades of blue, representing the relative heat
flux (the flow below 0.625 eV)”. Presented Figs. 1 and 2
belong to System | with the inner zone radius of 10.5 cm.

Fig. 2. Mesh image of the subcritical reactor
(cross-section)

The designations in Tables 1 and 2 include the
following values: R;; — the inner zone radius, cm;
Vet /Vine — ratio of external and internal zones volumes;
Fit — the neutron flux in the inner zone in relation to an
external source one neutron; Fe — the neutron flux in the
external zone in relation to an external source one
neutron; Fg,n — the total neutron flux in the entire
subcritical system in relation to an external source one
neutron; C;, — estimated fuel cost in the inner zone, min
Euro; C. — estimated fuel cost in the external zone, min
Euro; Cym — estimated fuel cost in the entire subcritical
system, min Euro. The fuel cost estimate was based on
the current point price of uranium dioxide plus the
uranium-235 enrichment cost.

Table 1
The Serpent modeling of a two-zone subcritical model with heterogeneous fuel composition results (System 7)
Rint, €M Vex! Vin Fint Fo Fum mlrc1: InEtijro ml%éttljro mlcriSlIJEnUro
1 2 3 4 5 6 7 8
10.50 4951 7.01 221.03 228.03 0.35 0.54 0.89
11.50 40.71 8.32 218.76 227.08 0.43 0.54 0.97
12.50 34.24 9.74 216.42 226.15 0.52 0.55 1.07
13.50 29.34 11.06 215.67 226.73 0.62 0.56 1.18
14.50 25.26 12.68 213.25 225.93 0.73 0.57 1.29
15.50 22.18 14.19 210.38 224.57 0.85 0.58 1.42
16.50 19.60 15.61 208.51 224.11 0.97 0.59 1.56
17.50 17.51 17.04 206.75 223.78 1.11 0.60 1.70
18.50 15.85 18.55 204.87 223.42 1.26 0.61 1.87




1 2 3 4 5 6 7 8
19.50 14.35 20.20 203.06 223.26 141 0.62 2.03
20.50 13.02 21.84 200.63 222.47 1.57 0.63 2.21
21.50 11.91 23.52 199.18 222.69 1.75 0.64 2.39
22.50 11.04 24.75 198.33 223.08 1.94 0.66 2.60
23.50 10.13 26.65 195.47 222.12 2.14 0.67 2.80
24.50 9.40 28.29 193.10 221.39 2.35 0.68 3.03
25.50 8.75 29.99 191.47 221.45 2.57 0.69 3.26
26.50 8.18 31.37 189.41 220.77 2.80 0.71 3.51
27.50 7.66 33.13 188.31 221.44 3.05 0.72 3.77
28.50 7.19 34.90 186.80 221.70 3.31 0.73 4.04
29.50 6.77 36.33 184.97 221.30 3.58 0.75 4.32
30.50 6.39 38.16 182.24 220.40 3.86 0.76 4.62
31.50 6.04 39.79 180.86 220.64 4.16 0.77 4.93
32.50 5.73 41.49 179.14 220.63 4.47 0.79 5.26
33.50 5.44 43.29 177.35 220.64 4.79 0.80 5.59
34.50 5.15 45.06 175.11 220.17 5.12 0.81 5.93
35.50 4.89 46.86 173.02 219.88 5.46 0.82 6.29
36.50 4.66 48.69 171.55 220.23 5.83 0.83 6.66
37.50 4.45 50.34 170.29 220.62 6.21 0.85 7.06
38.50 4.27 51.59 168.63 220.21 6.61 0.87 7.47
39.50 4.08 53.56 166.02 219.58 7.01 0.88 7.89
40.50 3.91 55.45 164.29 219.74 7.43 0.89 8.33
41.50 3.74 57.30 162.59 219.89 7.87 0.91 8.78
42.50 3.62 58.55 162.27 220.82 8.35 0.93 9.28
43.50 3.47 60.65 159.76 220.41 8.80 0.94 9.74

It can seen from Tabl. 1 that with increasing the inner
zone volume, the neutron flux in the inner zone increases
significantly (by almost 9 times), and the neutron flux in
the outer zone decreases by 40%, while the total neutron
flux in both zones remains almost the same. During the
economic characteristics analysis the fuel cost in the inner
zone is seen to increase by about 25 times, the fuel cost in
the external zone — by 43% and the fuel cost of the whole
subcritical system — by almost 11 times. From these
results, we can conclude that in order to create favorable
conditions for investigating the transmutation of minor
actinides in the inner zone rapid spectrum, it is necessary

to increase the more enriched fuel volume significantly
and as a consequence, the cost of the entire subcritical
system increases significantly.

It can be seen from Tabl. 2 that using more enriched
fuel in the inner zone allows to get higher neutron fluxes
in the thermal zone, but at the same time the cost of the
entire subcritical system increases due to more expensive
enrichment to 15% by uranium-235. Using less enriched
fuel in the thermal zone allows to increase the thermal
zone size but then the cost of fuel in the thermal zone
increases.

Table 2
The Serpent modeling of a two-zone subcritical model with heterogeneous fuel composition results (System II)
Rint, cm Vex!Vin Fint Fo Feum mlr(1: IInEUuro ml(n:eétﬂro mI(;SlIJErnL]ro
1 2 3 4 5 6 7 8
10.50 73.42 6.82 265.36 272.18 0.55 0.73 1.28
11.50 59.76 8.28 262.39 270.67 0.67 0.73 1.40
12.50 49.48 9.71 258.73 268.44 0.80 0.73 1.53
13.50 41.73 11.23 255.58 266.81 0.94 0.72 1.67
14.50 35.69 12.84 251.93 264.77 1.10 0.72 1.82
15.50 30.86 14.70 248.46 263.15 1.27 0.72 1.98
16.50 26.93 16.37 244.30 260.67 1.44 0.71 2.16
17.50 23.58 18.56 240.23 258.79 1.63 0.71 2.34
18.50 20.90 20.50 236.54 257.03 1.83 0.70 2.53
19.50 18.72 22.25 233.07 255.32 2.04 0.70 2.75
20.50 16.78 24.42 229.14 253.55 2.27 0.70 2.97
21.50 15.12 26.45 225.10 251.55 2.50 0.69 3.19
22.50 13.66 28.73 220.86 249.59 2.74 0.69 3.43
23.50 12.42 31.02 216.96 247.98 3.00 0.68 3.68
24.50 11.32 33.27 212.73 246.00 3.27 0.68 3.94
25.50 10.35 35.59 208.38 243.97 3.54 0.67 4,22
26.50 9.49 38.15 203.71 241.85 3.83 0.67 4,50




1 2 3 4 5 6 7 8
27.50 8.73 40.24 200.16 240.40 4.13 0.66 4.79
28.50 8.07 42.67 196.24 238.92 4.45 0.66 5.11
29.50 7.48 45.07 191.80 236.87 4.78 0.66 5.43
30.50 6.92 47.68 187.48 235.16 5.11 0.65 5.76
31.50 6.42 49.84 183.48 233.32 5.46 0.64 6.10
32.50 5.98 52.62 179.25 231.87 5.82 0.64 6.46
33.50 5.56 55.18 174.71 229.88 6.19 0.63 6.82
34.50 5.19 57.34 171.01 228.34 6.57 0.63 7.20
35.50 4.84 59.99 166.38 226.37 6.96 0.62 7.58
36.50 4.53 62.62 162.66 225.28 7.37 0.61 7.99
37.50 4.27 64.83 159.30 224.13 7.81 0.61 8.42
38.50 4.01 67.45 155.11 222.56 8.25 0.61 8.85
39.50 3.75 69.99 151.06 221.05 8.68 0.60 9.28
40.50 3.53 72.28 147.34 219.62 9.14 0.59 9.73
41.50 3.33 75.05 143.17 218.22 9.62 0.59 10.21
42.50 3.12 77.61 139.28 216.89 10.09 0.58 10.67
43.50 2.95 79.91 135.34 215.25 10.59 0.57 11.17
44.50 2.78 82.60 131.42 214.02 11.10 0.57 11.67
45.50 2.63 84.88 128.01 212.90 11.64 0.56 12.20
46.50 2.47 87.35 124.14 211.49 12.16 0.55 12.71
47.50 2.33 90.06 120.39 210.45 12.70 0.54 13.25
48.50 2.21 92.23 116.90 209.13 13.28 0.54 13.82
49.50 2.09 94.50 113.20 207.71 13.85 0.53 14.38
50.50 1.99 96.71 110.26 206.97 14.47 0.53 14.99

2.2. CALCULATION OF ASYSTEM WITH A
HETEROGENEOUS FUEL COMPOSITION
TRANSMUTATIONAL CHARACTERISTICS

Since one of the main presented subcritical reactor
assignments is the radioactive waste transmutation study,
a number of studies have been carried out to determine

simulations results are presented in Tabl. 3 for System |
and Tabl. 4 for System IlI. The Np-237 and Am-243
radioactive isotopes were selected from the minor
actinides group and 1-129 and Tc-99 were selected from
the long-lived fission products group for the subcritical
system transmutation characteristics study [21].

the main transmutation characteristics. Such Serpent

Table 3
Transmutation characteristics of a two-zone subcritical model with heterogeneous fuel composition (System 1)
Gpr-237, GfAm»243, GCNp—237’ GCAm-243, Np-237 Am-243 GCI-IZQI GCTC—QQ,
Rin, €M barn barn barn barn * ¢ barn barn
1 2 3 4 5 6 7 8 9
10.50 0.4992 0.3654 12.3855 24.9477 24.81 68.28 5.2583 15.7608
11.50 0.4945 0.3566 11.3526 23.0604 22.96 64.66 5.2351 15.7291
12.50 0.4900 0.3502 10.9041 22.0777 22.25 63.04 5.2259 15.7262
13.50 0.4833 0.3427 10.2751 20.7755 21.26 60.62 5.2176 15.7207
14.50 0.4826 0.3401 9.6706 19.5964 20.04 57.62 5.2081 15.6873
15.50 0.4749 0.3302 8.9985 18.2190 18.95 55.18 5.1764 15.7013
16.50 0.4700 0.3246 8.4686 17.2603 18.02 53.18 5.1607 15.6795
17.50 0.4692 0.3227 8.2013 16.4375 17.48 50.94 5.1597 15.6779
18.50 0.4656 0.3185 7.9632 16.5041 17.10 51.81 5.1434 15.6900
19.50 0.4614 0.3136 7.5949 15.3214 16.46 48.86 5.1328 15.6732
20.50 0.4587 0.3101 7.2880 14.9243 15.89 48.12 5.1162 15.6655
21.50 0.4552 0.3059 6.8847 14.1817 15.12 46.36 5.1140 15.6528
22.50 0.4506 0.3011 6.7580 13.6573 15.00 45.36 5.1157 15.6690
23.50 0.4472 0.2974 6.6177 12.9505 14.80 43.55 5.0968 15.6560
24.50 0.4448 0.2950 6.3249 12.7432 14.22 43.19 5.0815 15.6372
25.50 0.4416 0.2914 6.0863 12.1703 13.78 41.76 5.0736 15.6698
26.50 0.4379 0.2876 5.8645 11.8307 13.39 41.14 5.0558 15.6278
27.50 0.4341 0.2844 5.8405 11.6339 13.45 40.90 5.0628 15.6506
28.50 0.4332 0.2833 5.6817 11.3048 13.11 39.91 5.0560 15.6309
29.50 0.4278 0.2784 5.5146 10.9821 12.89 39.44 5.0520 15.6327
30.50 0.4269 0.2767 5.2857 10.3033 12.38 37.24 5.0328 15.6043
31.50 0.4237 0.2739 5.1828 10.1327 12.23 36.99 5.0279 15.5983




1 2 3 4 5 6 7 8 9
32.50 0.4221 0.2724 5.1477 10.1250 12.19 37.17 5.0208 15.6141
33.50 0.4200 0.2703 5.0033 9.8747 11.91 36.53 5.0146 15.6037
34.50 0.4180 0.2682 4.8613 9.3366 11.63 34.81 5.0075 15.5863
35.50 0.4158 0.2661 47311 8.9581 11.38 33.67 4.9905 15.5917
36.50 0.4135 0.2642 4.6836 8.9224 11.33 33.78 4.9867 15.5795
37.50 0.4119 0.2625 4.5949 8.8349 11.16 33.66 4.9935 15.5878
38.50 0.4089 0.2603 4.5487 8.7098 11.12 33.46 4.9828 15.6036
39.50 0.4077 0.2589 4.3694 8.3748 10.72 32.35 4.9626 15.5735
40.50 0.4062 0.2572 4.3097 8.0917 10.61 31.46 4.9543 15.5708
41,50 0.4036 0.2553 4.2586 8.0849 10.55 31.67 4.9556 15.5610
42.50 0.4018 0.2535 4.2029 7.7776 10.46 30.68 4.9604 15.5654
43.50 0.4009 0.2529 4.1368 7.6835 10.32 30.38 4.9456 15.5897

Table 4
Transmutation characteristics of a two-zone subcritical model with heterogeneous fuel composition (System 1)
Gpr_237, cszm-243, GCNp_237, cscAm-243l No-237 Am-243 cSCI-129, GCTC_QQ,
Rin, cm barn barn barn barn o ¢ barn barn
1 2 3 4 5 6 7 8 9

10.50 0.5341 0.3852 10.0698 20.2898 18.85 52.68 6.5009 15.7011
11.50 0.5288 0.3763 9.0191 18.1078 17.06 48.12 6.4658 15.6882
12.50 0.5247 0.3700 8.4916 17.3700 16.18 46.95 6.4441 15.6604
13.50 0.5189 0.3633 8.0888 16.9456 15.59 46.64 6.4124 15.6805
14.50 0.5134 0.3561 7.5780 15.6143 14.76 43.85 6.3895 15.6573
15.50 0.5094 0.3502 7.1034 14.5061 13.95 41.42 6.3622 15.6550
16.50 0.5049 0.3445 6.6933 13.6417 13.26 39.60 6.3347 15.6299
17.50 0.5024 0.3410 6.3384 12.8949 12.62 37.82 6.3095 15.6308
18.50 0.4976 0.3360 6.0730 12.2299 12.20 36.40 6.2808 15.6225
19.50 0.4934 0.3308 5.8314 11.6141 11.82 35.11 6.2497 15.6016
20.50 0.4895 0.3263 5.5606 10.9183 11.36 33.46 6.2278 15.5818
21.50 0.4870 0.3230 5.3144 10.6487 10.91 32.97 6.1952 15.5762
22.50 0.4829 0.3193 5.1392 10.1364 10.64 31.75 6.1676 15.5817
23.50 0.4804 0.3164 4.9452 9.6248 10.29 30.42 6.1385 15.5640
24.50 0.4774 0.3133 4.7966 9.2815 10.05 29.63 6.1184 15.5571
25.50 0.4749 0.3099 4.6047 8.8945 9.70 28.70 6.0831 15.5593
26.50 0.4717 0.3072 4.4137 8.5807 9.36 27.93 6.0485 15.5449
27.50 0.4686 0.3039 4.3355 8.2401 9.25 27.12 6.0238 15.5351
28.50 0.4672 0.3023 4.2592 8.2904 9.12 27.42 5.9917 15.5302
29.50 0.4638 0.2995 4.1091 8.0165 8.86 26.77 5.9576 15.5198
30.50 0.4617 0.2971 3.9327 7.2707 8.52 24.47 5.9271 15.4959
31.50 0.4587 0.2945 3.8905 7.2487 8.48 24.62 5.9032 15.4882
32.50 0.4585 0.2940 3.8242 7.2105 8.34 24.52 5.8773 15.4663
33.50 0.4549 0.2901 3.7054 6.8724 8.15 23.69 5.8303 15.4657
34.50 0.4527 0.2885 3.6180 6.7184 7.99 23.29 5.7983 15.4582
35.50 0.4512 0.2866 3.4957 6.4257 7.75 22.42 5.7573 15.4628
36.50 0.4495 0.2850 3.4347 6.3602 7.64 22.32 5.7348 15.4267
37.50 0.4478 0.2836 3.4046 6.2396 7.60 22.00 5.7106 15.4377
38.50 0.4451 0.2811 3.3658 6.0308 7.56 21.45 5.6692 15.4060
39.50 0.4426 0.2788 3.2409 5.8611 7.32 21.02 5.6294 15.3977
40.50 0.4421 0.2780 3.1696 5.6236 7.17 20.23 5.5841 15.3929
41.50 0.4411 0.2773 3.1047 5.4582 7.04 19.69 5.5476 15.3609
42.50 0.4393 0.2756 3.0641 5.4124 6.97 19.64 5.5217 15.3763
43.50 0.4379 0.2743 3.0098 5.2986 6.87 19.31 5.4693 15.3646
44,50 0.4362 0.2726 2.9317 5.1045 6.72 18.72 5.4240 15.3168
45,50 0.4349 0.2718 2.8825 5.0096 6.63 18.43 5.3911 15.3075
46.50 0.4329 0.2698 2.8513 4.8816 6.59 18.09 5.3456 15.2828
47.50 0.4320 0.2690 2.8021 4.8333 6.49 17.97 5.3140 15.3056
48.50 0.4316 0.2685 2.7554 4.6937 6.38 17.48 5.2667 15.2789
49,50 0.4304 0.2675 2.7065 4.6015 6.29 17.20 5.2037 15.2456
50.50 0.4300 0.2668 2.6749 4.4728 6.22 16.76 5.1687 15.2293




The designations in Tables 3 and 4 include the
following values: Ry — the inner zone radius, cm; of P2
— the microscopic cross-section of the fission reaction for
Np-237 in the inner zone, barn; of"™?* — the microscopic
cross-section of the fission reaction for Am-243 in the
inner zone, barn; o."*%’ — the microscopic cross-section
of the capture reaction for Np-237 in the inner zone, barn;
o ™2 _ the microscopic cross-section of the capture
reaction for Am-243 in the inner zone, barn; ™% — the
microscopic cross-section of the capture reaction ratio to
the microscopic cross-section of the fission reaction for
Np-237 in the inner zone [22]; o™ — the microscopic
cross-section of the capture reaction ratio to the
microscopic cross-section of the fission reaction for
Am-243 in the inner zone; o.* — microscopic cross-
section of the capture reaction for 1-129 in the outer zone,
barn; o.'“* — microscopic cross-section of the capture
reaction for Tc-99 in the outer zone, barn. Microscopic
cross-sections are calculated as averaged over the
specified zones entire volume. From Tabl. 3 for System I,
it is clearly seen that with increasing the inner zone
volume, the transmutation characteristics of the system
for minor actinides considerably improve. It can be seen
that parameter o decreases by almost 2.4 times for
Np-237 and for Am-243 parameter a decreases by almost
2.23 times. At the same time the transmutation
characteristics for long-lived fission products are reduced
slightly (up to 6% for 1-129). From Tabl. 4 for System II,
the same is seen with increasing the inner zone volume:
the transmutation characteristics of the system for minor
actinides considerably improve; parameter a decreases by
almost 3 times for Np-237 and for Am-243 parameter o
decreases by almost 3.15 times. At the same time the
microscopic cross-sections of the capture reaction for
long-lived fission products decrease slightly for the
thermal zone.

Comparing the System | and Systems Il transmutation
characteristics, the following can be noted: a) the division
cross-sections for minor actinides are higher for System
Il; b) the capture cross-sections for minor actinides are
lower also for System II; c) as a consequence, the o
parameter for System Il is much better than for System I,
which allows us to conclude that fuel with 15%
enrichment creates better conditions for minor actinides
transmutation than fuel with a 10% enrichment; d) System
Il has a higher capture cross-section than System | for
iodine and a bit lower for technetium. Summing up the
comparison of the presented systems, it can be concluded
that System Il has better transmutation characteristics for
both minor actinides and for long-lived fission products
(iodine-129).

These results give an opportunity to select the
geometric and material characteristics of the research
two-zone subcritical reactor in such a way that neutron
and transmutation parameters meet the purposes of
creating this reactor.

CONCLUSIONS

A two-zone subcritical reactor model with fast
neutron spectra and the thermal one in the internal and
external zones was developed using Serpent code. At the
same time the uranium-235 enrichment maximum level
did not exceed 10...15% which complies with the IAEA

recommendations for new subcritical reactors projects
[6].

An optimization modeling of the two-zone subcritical
system main neutron, economic and transmutation
characteristics for various geometric parameters was
carried out.

It was shown that it is possible to choose the two-zone
subcritical system fuel composition and geometry in such
a way that the system transmutation and neutron
characteristics and the fuel cost fulfill the purposes of
creating a research subcritical reactor.
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UCCJEJOBAHUE TEOMETPUM U TOILIMBHOI'O COCTABA JBYX30HHOI'O
MOJAKPUTUYECKOI'O SIAEPHOT'O PEAKTOPA JJIS1 TPAHCMYTALIUU
SIIEPHBIX OTXO/I0OB

/.0. Llllenazoeckuii, B.U. I'ynuk, A.B. Hocoeckuii

[IpencraBnensl pe3ynbTaThl HCCIEAOBAaHMM, HANpPaBICHHBIX HAa ONTHUMH3AlMIO TOIUIMBHOTO COCTaBa
JBYX30HHOTO TIOAKPHUTHYECKOTO SEPHOTO peakTopa. B pamkax maHHOI paOOThl OBUTH BBINOIHEHB! HCCIEAOBAHUS
JBYX30HHOI'O IOJKPUTHUYECKOIO PEAaKTOPa C I'ETEPOr€HHBIM COCTABOM TOILUIMBA B OTHOLICHHUU I€OMETPUYECKHX,
MaTepHaAIbHBIX M HSKOHOMHUYECKHMX I1apaMeTPOB PAacCMOTPEHHON cucTeMbl. Taroke OBUT BBIIOJIHEH pacueT
TPAaHCMYTAI[MOHHBIX XapaKTEPUCTHUK CHUCTEMbI I OCHOBHBIX H30TOIOB, KOTOPHIE OTHOCATCS K MPOOJIEMHBIM
3JIEMEHTaM PaJMOAKTUBHBIX OTXOJOB ACHCTBYIOUINX SIIEPHBIX PEaKTOPOB. BpUTO Moka3aHO, YTO MOXKHO MOI00pPATh
MaTepHaJIbHBIE U TEOMETPHUECKUE XapaKTePUCTUKH JBYX30HHOM MOJKPUTUIECKON CHCTEMBI TAKMM 00pa3oM, YTOObI
3TO YZAOBJIETBOPSJIO LEISAM CO3AAHUS MOJKPUTHUECKOTO PEAKTOpPA B OTHOLICHUM BEJIWYMHBI [IOTOKA HEUTPOHOB,
TPaHCMYTAlMOHHBIX [1APAMETPOB U CTOMMOCTH CUCTEMBI.

JOCJIIXXEHHSI TEOMETPII 1 ITAJIMBHOI'O CKJIAJTY IBO3OHHOI'O
NIIKPUTUYHOTI'O SIIEPHOI'O PEAKTOPA JIJISI TPAHCMYTAIIII SIIEPHUX BIJIXO/IIB

/.0. lllensnzoecvkuii, B.1. I'yaix, A.B. Hocoeécvkuii

[IpencraBneni pe3ynbTaTH JOCTIHKEHb, CHPSMOBAHMX HA ONTHMI3aIlif0 TMAJIWBHOTO CKJIQAy IBO3OHHOTO
MiAKPUTHYHOTO SAEPHOTO peakTtopa. B pamkax masoi poOotu Oynu BUKOHAHI JIOCHIIKEHHS IBO30HHOTO
MAKPATUYHOTO PEaKTopa 3 TeTePOreHHUM CKJIAJ0M MajMBa BiTHOCHO T€OMETPHYHHX, MAaTEPIialbHIX 1 €KOHOMIYHUX
rapaMeTpiB po3nIIHYTOI cucTeMH. Takox OyJa0 BUKOHAHO PO3PaxXyHOK TPAHCMYTAIlIHHMX XapaKTEpUCTHK CHCTEMH
JUIL OCHOBHHUX 130TOIIIB, SIKi BIIHOCATBCS N0 TMPOOJEMHUX EJICMEHTIB PaJiOAKTUBHHUX BiIXOIB JIFOUUX SICPHHUX
peakTtopiB. Byno mnokasaHo, mo MoxHa MigiOpaTd MaTepiaibHi 1 TI'€OMETPHYHI XapaKTEepUCTHKU JBO3OHHOI
MIKPUTHYHIA CHCTEMH TaKUM YMHOM, 100 1€ 3a/I0BOJIBHSUIO LIISIM CTBOPEHHS MiJIKPUTUYHOTO peakTopa OO0
BEJINYMHU NOTOKY HEMTPOHIB, TPAHCMYTAILlIIHUX ITapaMeTpiB i BApTOCTI CUCTEMH.
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