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In this paper, the feasibility of high-level radioactive waste transmutation in accelerator
driven system sub-critical reactor assembly, has been studied for two zone's model and with
three different core configurations. The inner zone has a fast neutron spectrum and the outer
one has a thermal neutron spectrum. The subcritical core is coupled with external neutron
source of energy 14 MeV (D-T source). The effects of high level waste isotopes sample (238Pu,
239Pu, 240Pu, 241Pu, 242Pu, 241Am, 243Am, 2#*Cm, and 245Cm) distribution on the neutron
spectrum and burnup performance in the inner zone have been investigated and discussed, by
proposed three core configurations non-uniform, uniform, and spiral. The burnup calcula-
tions have been performed for one-year operation cycle for all the all proposed models. This
work shows that one can effectively transmute most of the actual minor actinides isotopes in
the inner fast spectrum zone of the proposed system, with optimal distribution of these iso-
topes.
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INTRODUCTION

The rapid development of nuclear power in many
countries (for example, China, India, Korea) [1], will
lead to more accumulation of spent nuclear fuel in the
future, and the major contributors to the discharged fuel
radioactivity are fission products, including the heavy
nuclides generated in the core, isotopes of plutonium
and isotopes of the so called minor actinides (MA), nep-
tunium, americium and curium. In a closed fuel cycle, U
and Pu are recycled and the MA become, in due time,
the major source of radioactivity, that long-term radio-
activity generated in nuclear reactors must be destroyed
or safely deposited. Until now, the only and the main
way of environmental protection is deposition of spent
fuel. One of the promising ways to decrease radioactiv-
ity of fuel cycle and consequent risks, is based on trans-
mutation. During transmutation, radioactive nuclides
are transformed under neutron irradiation into
short-lived or stable nuclides [2-8].

* Corresponding author; e-mail: aalqaaod@gmail.com

Transmutation of radioactive waste, especially
heavy nuclides in fast neutron spectrum [9] and accel-
erator driven system [10, 11] is promising and gives
rise to the idea of radioactive equivalence of handling
with radioactive wastes [9, 12-15].

Usually, the effectiveness of transmutation can
be characterized by the value of o which is defined as
the ratio of the neutron capture cross-section to the
fission cross-section of a given isotope MA: a =
= o /o, [16]. If this value is less than unity, the trans-
mutation can be considered as effective. A good exam-
ple of such conception is presented for three Pu iso-
topes in fig. 1 which were prepared using IAEA'
Nuclear Data Services [17]. While 2*°Pu and *!Pu,
which are fissile nuclides, have values of « less than
unity, practically in the whole neutron spectrum, the
isotope 2*’Pu has a <1 only for neutron energy exceed-
ing the mean energy of fission spectrum, so, >4’Pu can
be effectively transmuted only in a system which has a
neutron spectrum with a large part of extremely fast
neutrons with energy >5 MeV. Usually such spectra
appear in ADS which have the external neutron source
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with energy exceeding 10 MeV (D-T source— 14 MeV,
spallation source — about 300 MeV in dependence on
primer particle energy). Practically the same situation
can be observed for all other transuranium isotopes.

On the contrary, long-lived fission products need
a large quantity of thermal neutrons to provide an effec-
tive transmutation due to capture reaction with a fol-
lowing conversion to a short-lived, or stable isotope.
Therefore, the effectiveness of transmutation of a spent
fuel is determined not only by the values of & but also by
the neutron spectrum of a given facility.

While the MA homogeneous loading in critical re-
actors has to be limited to avoid the deterioration of some
safety related parameters (e. g. delayed neutron fraction,
Doppler and coolant void coefficients), the subcriticality
of the accelerator driven system (ADS) allows operating
with rather high MA loadings. In the last decade, within
the 5-7% Framework Programmes (FP) of the European
Atomic Energy Community (EURATOM), Accelerator
Driven Systems were investigated as the reference solu-
tion for MA transmutation [18].

In the present study, the options for the efficient
transmutation of transuranic elements will be dis-
cussed, so the focus will be on Pu, Am, and Cm mainly,
due to their long-term contribution to the radiotoxicity
of the spent nuclear fuel.

All Pu isotopes are radioactive and decay by
emitting particles and gamma radiation [13]. The Am
is generally considered as a prime candidate for trans-
mutation because it is present in relatively large
amounts in the spent fuel and is a significant contribu-
tor to gamma activity and radiotoxicity, especially af-
ter about 500 years cooling time when the contribution
of most fission products has decreased by several or-
ders of magnitude. The 2*! Am and >** Am have reason-
ably large neutron cross-sections and are amenable to
destruction in an intense and fast neutron flux by a
combination of neutron captures and fissions. In irra-
diated nuclear fuel, 2'Am is the dominant nuclide,
though there are small but significant quantities of
242Am, and 2**Am [19]. Note also that the quantity of
241 Am is increased in time due to S-decay of 24!'Pu
(half-life is 14.38 year).

e 2Py (Alpha)

The Cm makes a significant contribution to
gamma activity and radiotoxicity and is also a major
contributor for neutron emissions. Although **’Cm
has a short half-life (163 days), it is continually gener-
ated in irradiated fuel from the decay of ***Am (141
year half-life) [20].

It should be noted that there is another contribution
to long term radiotoxicity — long-lived fission products
such as %I, ®Tc and other. They also could be trans-
muted in neutron field by neutron capture with further ra-
dioactive decay. But the greatest probability of such pro-
cesses can be achieved, of course, in thermal neutron
spectrum. So we have some contradiction: in order to
transmute all components of the spent nuclear fuel we
need to have fast and thermal neutron spectra simulta-
neously. It happens that such situation could be created in
asingle nuclear facility —a two- zone subcritical system.

It is well known that the two-zone ADS of spe-
cial configuration has some advantages compared to
one-zone system. In particular, the two-zone system,
or in general, multi-zone systems amplify neutron flux
more effectively from an external source [21-24].
Usually, the design of such a system consists of neu-
tron source in the centrum of the system coupled with
accelerator. This neutron source is surrounded by the
subcritical reactor core which contains two parts: in-
ner zone (the closest to the neutron source part) and
outer zone (physically separated from the inner zone
by some membrane). Such configuration allows creat-
ing two different neutron spectra in the considered
zones if the inner zone contains sufficiently high-en-
riched fuel with no neutron moderator. The outer zone
can contain the usual composition for thermal reactor.

The presented scheme of a two-zone subcritical
system driven by a D-T neutron generator is studied as
the basis for development of a research subcritical reac-
tor, which will be used in particular to study the trans-
mutation of the entire spectrum of nuclear waste (MA
and long-lived fission products). Regarding the choice
of external neutron sources, it is well-known fact that
proton accelerators are very expensive. The option of
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D-T neutron generator is a good solution for designing a
real research subcritical reactor, to be used for experi-
ments and testing of different schemes for radioactive
waste transmutation, taking into account the possibility
to develop powerful neutron generator with intensity
1-1074 571 [25, 26]. Moreover, the presented scheme of
a two-zone subcritical system driven by a D-T neutron
generator will have a relatively small cost, and it will be
possible to be built and operated by a country with a
small gross domestic product such as Ukraine and
Egypt.

The purpose of this paper is to study the radioac-
tive waste transmutation in the inner region of the
subcritical core modeled into two regions, inner zone
and outer zone. Besides, it aims to investigate the fea-
sibility of distribution of the Pu, Am, and Cm samples
inside the inner zone by proposing three different con-
figurations and calculating the burn up for each model
with the use of Monte Carlo N-particle transport code
MCNPX.

DESCRIPTION OF THE
SUBCRITICAL CORE

Since the operational life of the VVR-M research
nuclear reactor (Kyiv, Ukraine) is near completion, the
Academy of Sciences of Ukraine is considering differ-
ent concepts of research nuclear reactors to replace the
VVR-M in future. One option is a subcritical reactor
driven by an external neutron source. Main geometrical
and material characteristics are based on the previous
investigations and papers performed at Institute for
Safety Problems of NPP (Kyiv, Ukraine) and Institute
for Nuclear Research (Kyiv, Ukraine) [27, 28].

The fast neutron region (Inner zone), with 15 cm
radius and 16 cm as external radius surrounding the
central tube, is contained in a tank made of stainless
steel; this region is composed of shortened fuel pins
from VVER-1000 reactor [29] and ituses He as a cool-
ant, the fuel element pitch is 1275 cm, radius of pin's
cladding is 0.455 cm, radius of pin's fuel is 0.393 cm;
specifically, the fuel in the fuel elements is uranium di-
oxide with 20 % enriched 2*°U, the fuel density is
10.96 gem 3, cladding material of fuel elements is zir-
conium +1 % niobium, the diameter of fuel element is
0.786 cm, the diameter of cladding material is 0.91 cm.

Inner zone is surrounded by the thermal region
that is also composed of shortened fuel pins of
VVER-1000 reactor. The enriched uranium dioxide
with 4 % enrichment level serves as a fuel in the ther-
mal neutron region; density of the fuel is 10.96 gecm?,
the fuel element pitch in this region is 6 cm, radius of
pin's cladding is 0.455 cm, radius of pin's fuel is 0.393
cm. The cladding material of fuel elements is zirco-
nium + 1 % niobium. The square lattice of fuel ele-
ments is used in both zones. Around each fuel element
there is a gas space that helps to remove the heat. Let

the value of the outer zone radius be equal to 63 cm.
So, in this case H =126 cm, because R, = H/2 (in this
case we will have minimum leakage). So we obtained
keig=0.97 £ 0.00063 for our base model.

For the source definition, the charged particles
(deuterons) move from top to bottom of the central
tube of the system and finally hit the titanium target
saturated with tritium. Fusion of a deuterium and a tri-
tium nucleus (D-T nuclear reaction) results in the for-
mation of a He-4 nucleus and a neutron with a kinetic
energy of approximately 14.1 MeV. The intensity of
neutron source was chosen to be 3.2-10 s7!. which
was shown in [26] that the D-T neutron generator can
be created with approximately such intensity and the
power of the proposed ADS model is 4 MW.

COMPUTER TOOLS AND MODEL

Subcritical core has been modeled using the
Monte-Carlo radiation transport code MCNPX [30];
two-region model has been constructed as illustrated in
fig. 2. The inner zone consists of 392 fuel elements; 52
of which have been replaced by Pu, Am, and Cm sam-
ples (Pu, Am, Cm) O, within MgO, with a density of
6.077 gem™ [31]. The selected initial composition of
actinides element is presented in tab. 1.

Three core models have been considered. In
these models, the selected actinide sample (Pu, Am,
and Cm) elements are loaded inside the inner zone in
three different distributions as:

— Non-uniform distribution model. The selected
actinides sample elements surround the target at
the core center as shown in fig. 3(a).

—  Uniform distribution model. The elements are dis-

tributed evenly in the core as shown in fig. 3(b).

—  Spiral distribution model [32]. The elements are
distributed spirally around the target as shown in
fig. 3(c).

(Titanium tritium)
Graphite target tube

Inner zone

Beryllium

Quter zone
reflector

Figure 2. The 3-D view of MCNPX model for two regions
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Table 1. Initial composition selection of actinide samples
elements [30]

Element wt.% Isotope wt.% | Half-life (y)
Plutonium | 23.48 8py 5.06 8.77-10"
29py 37.91 2.41-10*
20py 30.31 6.56:10°
2py 13.21 1.43- 10
H2py 13.51 3.7-10°
Americium | 30.63 | **'Am 66.67 43310
Am 33.33 7.37-10°
Curium 6.12 Cm 90 1.81-10'
*Cm 10 8.50-10°
Magnesium | 19.37 | Mg-nat. 100 -
Oxygen 20.39 O-nat. 100 —

RESULTS AND DISCUSSIONS

The neutron flux characteristics
and capture-to-fission ratio

The probability that an absorbed neutron causes
fission is very important indicator/parameter to investi-
gate the feasibility of Pu, Am, and Cm transmutation. In
terms of cross-sections, this probability is defined as,
o =0 /oy which is referred to the capture-to-fission ra-
tio, as was mentioned in the introduction section. The
lower ratio simply means that an absorption reaction
will result in the fission rather than in the radioactive
capture. The ratio depends strongly on the incident neu-
tron energy. In the fast neutron region, the ratio de-
creases. So the feasibility of MA transmutation should
be described by the ratio of capture-to-fission reaction
rate (rather than the ratio of cross-sections only) which
is taken into account for the neutron spectra

[No o (E) p(E)dE
0 (1)

ag =-
(I)NC’f(E)(D(E)dE

where N is the number density of a given nuclide, p(E)
— the neutron flux energy dependence (neutron spec-
trum), and o, and o — the corresponding cross-sec-
tions respectively.

The neutron spectra are determined by the neu-
tron source and by presence or absence of the modera-
tor. In subcritical system, the distance to external neu-
tron source plays also the essential role. In two-zone
subcritical system, the outer zone can influence the
spectrum of inner zone in dependence of the material
of the membrane which separates inner and outer
zones. If this membrane can absorb the thermal neu-
trons diffusing from outer zone to the inner zone (for e.
g. Cd), we could achieve harder spectrum in the inner
zone and therefore more effective MA transmutation.
For the preliminary investigation of the proposed
model, the neutron energy spectra have been described
for the two zones to demonstrate the difference of the
thermal and fast neutron region as illustrated in fig. 4.
Then, neutron spectra for different configurations of
loading (uniform, non-uniform, spiral), for different
distances from central source of neutrons with the en-
ergy 14 MeV before the irradiation (beginning of cycle
—BOC) and after irradiation (end of cycle — EOC), are
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Figure 4. Neutron energy spectra at inner and outer zone
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Figure 3. Schematic view of a horizontal cross-section in three models (from left to right): (a) non-uniform, (b) uniform

and (c) spiral
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shown in fig. 5. All spectrum results, in all cases, are
normalized for one source neutron, and the flux from
MCNPX tally results is divided by the logarithm of en-
ergy difference, which is known as the flux per unit

Neutron flux per lethargy [arbitrary unit]

Neutron flux per lethargy [arbitrary unit]
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Figure 5. Neutron spectra at BOC and EOC for different configurations and different locations in inner zone

lethargy.

One can observe the noticeable differences in
the spectra for different loading configurations only in

the region of resonances, which are insufficient for
transmutation problems, when the high energy part of
the spectrum plays the main role. One can observe also
the insufficient differences in the spectra before and
after irradiation. The distance to the source plays more
important role, and one can observe the visible in-
crease of thermal neutrons at the large distance
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spiral configurations

(14.025 cm) to the center of the core in spite of the
moderator absence. This effect can be explained by the
penetration of the thermal neutrons from the outer
zone because the stainless steel membrane between
outer and inner zone is practically transparent for ther-
mal neutrons. This explanation is confirmed by calcu-
lating the neutron spectra in the inner zone for two
cases, one with the presence of fuel pins in the outer
zone and the other in the case of absence of these fuel
pins. The neutron flux, changed as we can see in fig. 6,

which means an observable contribution exists from
the outer zone to the inner one. Naturally, the study of
the neutron spectra could not allow us to make the con-
clusion about the optimal configuration of loading
without performing detailed calculations of the quan-
tity of transmuted nuclides. For further investigation,
the total neutron flux distribution in all pins in the in-
ner zone and through x-direction from the center, has
been calculated, as well as for all three configurations
(uniform, non-uniform, and spiral). The results are
shown in fig. 7, and the relative error was less than
0.03. Based on these calculation results, it's clear that
the non-uniform configuration provides a higher flux
compared to the other two distributions, this means a
higher transmutation potential of actinides sample in
this configuration.

The ratio of capture to fission reaction rate for
each isotope and at different locations (distance from
the central tube), has been calculated and illustrated in
tab. 2. The results show that the ratio depends on the
distance from the core center and the isotope, as ob-
served in general view for all the isotopes: the ratio of
capture to fission rate increases when the target posi-
tion is far from the center, in the case of 238Pu the fis-
sion rate slightly exceeds the capture at 5.1 and 6.375
cm, after these points the ratio exceeds unity. While
the isotopes 2*’Pu and 2*'Pu show less than unity val-
ues for the ratio at all chosen distance points, the prob-
ability to undergo fission is low for isotopes 2*°Pu and
242py, as can observed from the ratio values.

Burnup performance

The burnup- k. curves are a very important factor
in the choice of the best model that satisfies the reactivity
and control requirements in the subcritical system during
the whole fuel cycle. So, in the results of this calculation,
as is shown in fig. 8, it is clear that every model has prac-
tically the same Ak, during one-year cycle, but the uni-
form model appears as the most convenient for the reac-
tivity and reactor safety issues due to the smallest initial
value of k.. It is also evident that the non-uniform and
spiral configurations are practically the same as for their
influence to & and to transmutation effectiveness due to
practically the same neutron spectra. In addition, the
burnup of the transuranic element sample, with operation

Table 2. Ratio of capture to fission reaction rate («r) for each isotopes, of Pu, Am, and Cm in inner zone

Riy [em] 238p 239p 240p, 2l 242p, 2ULp UIp 24k 250 *
5.1 0.90 0.43 23.98 0.26 16.79 10.96 22.81 4.92 0.12
6.375 0.97 0.43 24.28 0.25 16.57 12.12 23.86 2.79 0.13
7.65 1.04 0.43 27.17 0.26 20.54 12.33 27.64 439 0.13
8.925 1.16 0.47 28.67 0.28 20.67 14.42 36.13 6.39 0.13
10.2 1.27 0.50 36.46 0.29 28.19 16.68 31.83 7.09 0.13
11.475 1.67 0.52 49.47 0.30 2742 20.00 38.12 7.57 0.13
12.75 2.16 0.53 80.47 0.32 32.90 25.76 41.76 8.25 0.13
14.025 3.30 0.55 89.80 0.33 32.54 35.74 51.07 10.58 0.14

“Statistical relative error less than 0.07
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Figure 8. The k. variation with burnup for non-uniform,
uniform, and spiral actinides distribution mode

time for the three models, has been calculated and the re-
sults are illustrated in fig. 9. One can see that the rate of
increase of burnup over the operation cycle for the uni-
form case is larger than in the other two cases. This pref-
erence for the uniform model through the burnup opera-
tion is due to the symmetric distribution of the fuel and
the actinides samples in the inner zone, which allows to
benefit from wide spectrum of neutrons to burn the fis-

—&— Non-uniform
—&—_Uniform
~—a&— Spiral

-
(=]

-
8]

Actinides sample burnup [GWd/MTU]

8
4
0
0 100 200 300 400
Time [d]

Figure 9. Burnup of an actinides sample for non-uniform,
uniform, and spiral models in one-year operation cycle

sionable isotopes of Pu, Am, and Cm (see the large part
of thermal neutrons at 14.025 cm in fig. 5).

The change in mass through the burnup processes
of Pu, Am, and Cm nuclides for the three configuration
models, non-uniform, uniform, and spiral, has been cal-
culated for the period of one year, and is expressed in
terms of transmutation/accumulation rate, as illustrated
in tab. 3. The results show the following.

Table 3. The relative change of mass for each isotope in three models, non-uniform, uniform, and spiral respectively, for one

year operation cycle

Isotope Configuration Initial mass [g] Final mass [g] W[%]
m

Non-uniform 235 240.3 -2.26
8py Uniform 235 2475 -5.32
Spiral 235 241.1 -2.60
Non-uniform 1761 1750 0.61
3%py Uniform 1761 1738 1.31
Spiral 1761 1749 0.68
Non-uniform 1408 1446 -2.70
240py Uniform 1408 1445 -2.63
Spiral 1408 1445 -2.63
Non-uniform 613.6 583.2 4.95
2#4ipy Uniform 613.6 584 4.82
Spiral 613.6 583.6 4.89
Non-uniform 627.6 630.2 -0.41
22py Uniform 627.6 633.7 -0.9
Spiral 627.6 630.4 -0.45
Non-uniform 4039 4033 0.15
2Am Uniform 4039 4009 0.74
Spiral 4039 4030 0.22
Non-uniform 2019 2001 0.89
Am Uniform 2019 1991 1.39
Spiral 2019 2000 0.94
Non-uniform 1090 1063 2.48
Cm Uniform 1090 1073 1.56
Spiral 1090 1065 2.29
Non-uniform 121.1 122.2 -0.91
Cm Uniform 121.1 122.2 -0.91
Spiral 121.1 122.3 ~0.99
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Plutonium Isotopes. The 23°Pu is usually consid-
ered as the major isotope which contributes to the
radiotoxicity and proliferation risk, which has a rela-
tively large amount and a half-life of 24100 years. The
results in tab. 3, show the transmutation rate in all the
proposed models, but the best value is the case of uni-
form model where 1.306 % of the total mass (the initial
mass 1761 gm) has been transmuted. These results are
also identical with capture-to-fission ratio results (tab.
2), which gives the initial indication that >*’Pu has
high probabilities to fission. Of course, this is a well
known conclusion which is indicated in every hand-
book on nuclear engineering, and a big percentage of
239Py transmutation in the case of uniform model can
be explained by the large part of thermal and epither-
mal neutrons at 14.25 cm and a very big fission
cross-section for 23°Pu in epithermal region.

Also in the case of >4'Pu we have a good percent-
age for transmutation rate, but there is no significant
difference among the three models. While in the case
of 238Pu, 240Py, and 2**Pu, the accumulation of extra
amount of these isotopes was dominant, with different
rates in the three models (the negative sign in the tab. 3
indicates accumulation). The non-uniform distribu-
tion for 2*Pu and 2*?Pu achieved low accumulation
with 2.255 % per year and 0.414 % per year, respec-
tively. On the other hand, there are no significant dif-
ferences between the three distributions regarding
249py, The accumulation can be easily explained from
the heavy metal transmutation chains [33] shown in
fig. 10. In addition to the >3°Pu (n, fission) reaction
mentioned above, we can conclude also, based on the
chain diagram that the significant amount of 23°Pu
converted to 2*8Pu through the pathway 2*°Pu (n, 2n),
where we have a high accumulation rate of 23%Pu
(5.319 %) in the case of uniform model.

Americium isotopes. The two chosen isotopes
241 Am and ?*Am in this study, are the prime candidates
to transmutation, as we have mentioned previously.

From the calculation results in tab. 3, the mass of both
isotopes, 2!Am and **Am, has been decreased in all
models, but the uniform is the best option for the trans-
mutation, where the high rates of 0.743 % per year and
1.387 % per year, respectively, are achieved.

Curium isotopes. Are also major contributors to
gamma and neutron emissions, especially the isotopes
244Cm and ?Cm, where they appear in a relatively
large amount in spent fuel, for instance, in this study
we have 1090 g of 2**Cm, and 121.1 g of **Cm. The
non-uniform model achieves a high transmutation rate
for 2**Cm, on the other side, we have a little bit accu-
mulation for 2*3Cm, although the capture- to fission
ratio indicates a high probability of fission. Of course,
this accumulation for >*Cm outcome from transmuta-
tion part of >**Cm to >>Cm due to initial mass of >**Cm
is five times greater than >°Cm, and by the trajectory
244Cm (n, y), as we can see from the diagram in fig. 10.

The exact behavior of transmutation efficiency
remains ambiguous, as it is hypothesized that several
factors contribute to the MA transmutation efficiency
at inner (fast) zone of two-zone subcritical system in-
cluding energy of neutron source, distance to external
neutron source, the impact of outer (thermal) zone on
the periphery of the inner (fast) zone, efc. Neverthe-
less, from the point of view of transmutation efficiency
for two-zone subcritical system, non-uniform and spi-
ral configurations of fuel elements with MA are more
effective. One should remember that it is possible to
transmute the long lived fission products in the outer
zone of such a subcritical system. The effectiveness of
such transmutation will be studied in the next article.
Also, the final conclusion on effectiveness of transmu-
tation/accumulation of different components of ther-
mal reactor spent fuel will be made in the next article,
taking into account the accumulation and transmuta-
tion of MA in the working fuel of both zones of consid-
ering ADS.
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CONCLUSIONS

The main goal of present paper is to study the
possibilities of transuranic element transmutation in a
two-zone subcritical system, consisting of an inner
zone with a fast neutron spectrum and an outer zone
with a predominant thermal neutron spectrum. An ad-
ditional goal is the study of transmutation with differ-
ent configurations of fuel elements with MA inside the
inner (fast) zone.

The MA transmutation has been studied repeat-
edly in various fast spectra with different neutron
sources in subcritical systems. A feature of this work is
the rather low energy of the neutron source and the
presence of an outer (thermal) zone at the periphery of
the fast zone. The effect of this zone, which lies in the
transfer of thermal neutrons into inner (fast) zone is
substantial enough, and it affects largely on the config-
uration of fuel rods with a uniform MA. This is con-
firmed by the faster burnup of fissile isotopes near the
border with the outer (thermal) zone and the practical
absence of transmutation of even plutonium isotopes.
Therefore, from the point of view of transmutation ef-
ficiency, non-uniform and spiral configurations of fuel
elements with MA are more effective. It should be
noted that the introduction into the outer (thermal)
zone of fuel elements, with fission products that well
absorb thermal neutrons, can change the conclusions
about the efficiency of MA transmutation, especially if
the absorbing fuel elements are placed near the bound-
ary between the outer (thermal) and inner (fast) zones.

Based on the aforementiones results, the follow-
ing conclusions can be made:

e Interms of transmutation efficiency, non-uniform
and spiral configurations are more beneficial for
the case of two-zone subcritical system. In other
words, MA transmutation in harder neutron spec-
trum is preferable, which is an evident result.

e The inner (fast) zone of two-zone subcritical sys-
tem can transmute most of the actual MA isotopes
in the inner zone of two zone system, driven by
usual neutron generator with sufficiently small
neutron energy ~14 MeV. Thus, this subcritical
system can be effectively used for investigation of
the MA transmutation processes in the inner zone
with a fast neutron spectrum.

e  Such asmall neutron energy is proved to be insuffi-
cient to transmute even isotopes of Pu—they are ac-
cumulated rather than transmuted, especially tak-
ing into account the accumulation of plutonium
isotopes in the usual fuel of a given subcritical sys-
tem.
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Awmep A. AIKAO[, Bonogumup M. ITIABJIOBUY, Janac PUAUKAC,
Boaogumup I'YJIUK, Ecmar X. AMUH

MMPOPAYYH PACIIOAEJE NU3BOA/BUBOCTU TPAHCMYTAILIMJE PAIIMOAKTUBHOT
OTHAJA Y CUCTEMY CA AKHEIEPATOPCKUM IMOTOHOM

[IpoyueHa je W3BONJBMBOCT TpaHCMYyTallje BUCOKOPAIMOAKTUBHOI OTHafa Yy MOTKPUTHIYHOM
PEaKTOPCKOM CKJIOINY NOKPETAaHOM aKIIeJepaTOPCKUM CHCTEMOM — 3a [ABO30HM MOJEN ca TPU Pa3IuyuTe
KOH(Urypauyje jesrpa. YHyTpallliba 30Ha UMa ClieKTap Op3KX HEYTPOHA, a CHOJballlha CIeKTap TEPMUUKKX
HeyTpoHa. [TOTKpUTIYHO je3rpo MoBe3aHo je ca CoJballllbuM HEYTPOHCKIM n3BopoM eHepruje 14 MeV (D-T
u3B0p). Ha ocHOBY mpeTrocraB/beHe Tpu OCHOBHE KOH(UTypanuje HeyHiuOpMHE, YHI(POPMHE 1 CIMpaTHE,
HCTpakeHH cy U pa3MoTpenn edekTpu pacnofene uzorona (28Pu, 2Pu, 2Py, 2*!Pu, *?Pu, ! Am, *Am,
24Cm, u >»Cm) Ha pacniojiesTy HEyTPOHCKOT CIEKTpa i MephopMaHce M3rapama y yHyTpallliboj 30HH. 3a CBe
MpeIoKeHe MOfiesie U3BPILIEHN Cy IPOpauyHH U3rapama 3a jeTHOTOIUIIbY OnepaTHBHU 1MKiyc. OBaj paj
mokasyje fa ce Moxe e(UKAacCHO TPaHCMYTOBaTU BehWHa CTBapHHX CHOPEAHUX H30TOMNA AaKTHHHAA Y3
ONTHUMAJIHY AUCTPUOYIIM]Y OBUX M30TOIA Y YHYTPAIIH0] 30HA OP30T CIIEKTPa MPETIOCTABILEHOT CHCTEMA.

Kmwyune peuu: uszapare, HeyitipoHcKU ClieKIap, akiuHuo, WMpaHcmyimiauuja omiaoa, cuciiem
[loKpeillan aKyeaepaiiopom, javuna gucuje



