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Nuclear spent fuel management is one of the top major subjects in the utilization of nuclear
energy. Hence, solutions to this problem have been increasingly researched in recent years.
The basic aim of this work is to examine the fissile breeding and transuranic fuel transmuta-
tion potentials of a gas cooled accelerator-driven system. In line with this purpose, firstly, the
conceptually designed system is optimized by using several target materials and fuel mixtures,
from the point of neutronic. Secondly, three different material compositions, namely, pure
lead bismuth eutectic (LBE), LBE+natural UO,, and LBE+15 % enrichment UO,, are con-
sidered as target material. The target zone is separated to two sub-zones but as one within the
other. The outer sub-zone is pure LBE target, and the inner sub-zone is either UO, or pure
LBE target.The UO, target sub-zone is cooled with helium gas. Finally, the thorium dioxide
mixed with transuranic dioxides, discharged from PWR-MOX spent fuel, in pebbles com-
posed of graphite and TRISO-coated spherical fuel particles, is used for breeding fissile fuel
and transmuting transuranic fuels. Three different thorium-transuranic mixtures, (Th,
Pu)O,, (Th, Cm)O,, (Th, Pu, MA)O,, are examined with various mixture fractions. The
packing fractions of the fuel pebbles in the transmutation core and the tristructural-isotropic
coated fuel particles in a pebble are assumed as 60 % and 29 %, respectively. The transmuta-
tion core is also cooled with a high-temperature helium coolant. In order to produce
high-flux neutrons that penetrate through the transmutation core, the target is exposed to the
continuous beams of 1 GeV protons. The computations have been carried out with the
high-energy Monte Carlo code MCNPX using the LA150 library. The numerical outcomes
show that the examined accelerator-driven system has rather high neutronic data in terms of
the energy production and fissile fuel breeding.
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INTRODUCTION

In commercial nuclear reactors, highly radioac-
tive materials occur as high-level wastes. They mainly
include transuranic isotopes (Np, Pu, Am, and Cm)
and long lived fission products. In most countries, it is
preferred that they are buried underground in concrete
containers in the sea bed. In addition to this, an im-
proved approach is to transmute these wastes in fu-
sion-fission hybrid reactors or accelerator driven sys-
tems (ADS) by driving high-energetic neutron and/or
proton source. Lawrence [ 1] first asserted to transmute
thorium to 233U with fast neutrons released from a
spallation target bombarded with high-energetic pro-
tons. In our previous studies (Yapici [2-4], Yapici et al.
[5-7]), the potentials of nuclear fuel transmutation and
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fissile fuel breeding have been investigated in various
fusion-fission hybrid reactors fueled with various
spent fuels discharged from conventional nuclear re-
actors.

The simplest procedure in an ADS is the trans-
mutation of nuclear fuels using high energetic proton
source. An ADS includes elementarily three parts: (1)
high energetic proton accelerator, (2) spallation neu-
tron target (SNT), and (3) sub-critical core containing
nuclear fuel or wastes. The target is bombarded with
high energetic proton particles to produce several tens
of high energetic neutrons, immediately after, these
neutrons penetrate to the sub-critical core. In the nu-
clear waste transmutations, two reactions in the core
are mainly considered: (1) neutron capture and (2) fis-
sion. In both reactions, the nuclear waste or fuel is
transmuted or burned.
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During the recent years, a lot of research works
on transmutation of nuclear waste in the ADS have
been carried out. Some of them are presented in here.
Abanades and Perez-Navarro [8] have presented the
transmutation of nuclear waste in an ADS cooled with
gas and moderated with graphite. Nuclear wastes are
used in the case of TRISO pebble bed. This work
shows that plutonium except for >*?Pu can be trans-
muted in ratio of 95 %. Takizuka et al. [9] and
Tsujimoto et al. [10] have analyzed the transmutation
of minor actinides (MA) in a lead-bismuth cooled
ADS. Study of Takizuka et al. denotes that the waste
transmutation of 250 kg per year is achieved by 80 %
plant factor, and a study of Tsujimoto ef al. shows that
the MA are effectively transmuted and burned in their
ADS design in the case of the effective neutron multi-
plication coefficient, kg = 0.97. Furthermore, the real
number of pebbles fitting in a cylindrical ADS core
has been analyzed in detail by Garcia et al. [11].
Malyshkin et al. [12] have studied only spallation tar-
gets containing uranium and americium by modelling
designs of spallation targets with Monte Carlo. Sev-
eral geometries and material compositions have been
examined for the spallation targets. All examined de-
signs operate in the case of k.4 = 0.5. Numerical re-
sults of this paper show that over 4 kg of Am can be
burned during the first year of operation. Yapici et al.
[13] have investigated the neutronic data of various in-
finite target medium (Lead-bismuth eutectic, mercury,
tungsten, uranium, thorium, chromium, copper and
beryllium) bombarded with a proton source of 1000
MeV. Itis exhibited that the infinite medium approach
would lead for real ADS designs.The potentials of nu-
clear waste transmutation of an ADS cooled with
lead-bismuth eutectic (LBE) have been investigated in
other studies of Yapici et al. [14, 15] for the different
configurations and fuel compositions. The results of
these studies bring out that the considered ADS has
high neutronic data for both nuclear waste transmuta-
tion and fissile breeding, besides energy producing.
Martinez et al. [16] have studied on neutronic charac-
teristics of nuclear waste transmutation of accelera-
tor-driven systems. They assert in this study that high
energetic neutrons are required for transmutation of
transuraniums (TRU) and long-lived fission products.
Ismailov et al. [17] have examined a uranium
spallation target in accelerator-driven system loaded
with MA. They have compared lead-bismuth (PbBi)
target with uranium target. They have found that the
uranium target limited geometrical size has a better
neutron multiplication. Furthermore, various types of
ADS have been worked for energy production and
transmutation of radioactive wastes [18-28].

COMPUTATIONAL MODEL OF
ACCELERATOR DRIVEN SYSTEM

In this work, a conceptual semi-spherical accel-
erator-driven sub-critical system is considered for

transmutation of thorium-dioxide (ThO,) along with
transuranic dioxides (TRUO,) extracted from spent
fuels. PWR-MOX fuel (Manson, et al. [29], fuel with
plutonium recycle, 1000 MW, reactor, 80 % capacity
factor, 33 MWd/kg, 32.5 % thermal efficiency, 150
days after discharge) is considered as the spent fuel.
The densities and fractions of the considered fuels are
exhibited in tab. 1.

The mixed nuclear fuels, (mixtures of ThO, and
TRUO,s) are configured as tristructural-isotropic
(TRISO)-coated micro spherical fuel particles embed-
ded in carbon matrix pebbles. The MCNP model of the
considered ADS is illustrated in fig. 1. As seen in this
figure, there are four different zones in the considered
ADS:

— spallation neutron target, (SNT),
— transmutation zone, (TZ),

— reflector zone, (RZ), and

— shield zone, (SZ).

Spallation neutron target: mainly, 44.5 % lead
(Pb)-55.5 % bismuth (Bi) eutectic (LBE) is used as a
target material, which has good neutronic, chemical
and thermal properties. Therefore, it is the most cho-
sen target material for ADS implementations. As
shown in fig. 1, the target zone is separated to two
sub-zone space done within the other: (1) the outer
sub-zone is pure LBE target part, and (2) the inner
sub-zone is either UO, cooled with the helium gas or

Table 1. Isotopic fractions and densities of the materials
used in the investigated ADS

Material | Density [gem™] Nuclide Fraction [%]

LBE 11.344 Pt? 44.5
9.8 Bi 55.5
He 0.1786 He 100
ThO, 9.88 B2Th 100

35y 0.7-15

Uo, 10.54 = 99.3.85
"NpO, 11.10 “Np 100

28py 3.53535

Z9py 45.0154

"Pu0, 11.50 240py, 26.3505

24ipy 15.9640

22py 9.13483

. 1 Am 21.5213

AmO, 1188 %Am 78.1942

*2Cm 3.91520

$Cm 0.04721

‘CmO, 10.55 #Cm 85.5422

*Cm 9.54125

%Cm 0.95413
Graphite 2.10 2C 100

10
B.C 252 i e

"Discharged PWR-MOX fuel with plutonium recycle, 1000 MW,
reactor, 80 % capacity factor, 33 MWd/kg, 2.5 % thermal
efficiency, 150 days after discharge (ref. Manson et al., [29],

p. 370, Table 8.5)
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Figure 1. Cross-section of the investigated ADS (SNT:
spallation neutron target, TZ: transmutation zone, RZ:
reflector zone, SZ: shield zone)

pure LBE target part. Accordingly, three different in-
ner spallation target cases are considered as follows:

Case 1: The inner spallation target part consists of
TRISO-coated natural UO, particles and is cooled with
the helium gas, (coolant volume fraction, VF, = 40 %).

Case 2: The inner spallation target part consists
of TRISO-coated 15% enrichment UO, particles and
is cooled with the helium gas, (VF, = 40%).

Case 3: The inner spallation target part also con-
sists of the pure LBE.

The neutron reactions occur in the spallation tar-
get bombarded with high energetic protons, and sev-
eral tens of neutrons per proton are released in these re-
actions, depending on incident proton energy. These
produced neutrons diffuse through the sub-critical fuel
zone to make more reactions.

Transmutation zone: This zone, also named a
sub-critical core, contains the mixture of ThO, and the
transuranic dioxides (TRUO,) to transmute the nu-
clear wastes and to breed fissile fuel. The
TRISO-coated fuel mixture particles, having a high
burn-up ability and quite high neutronic performance
at high temperatures, are used as nuclear fuel. These
particles consist of a fuel kernel in the center, coated
with four layers made of three isotropic materials, (1)
porous carbon buffer, (2) inner pyrolytic carbon
(IPyC), (3) silicon carbide (SiC), and (4) outer
pyrolytic (OPyC) [30]. The TRISO fuel particles are
embedded in a carbon matrix pebble with a certain
packing fraction, and then the pebbles are placed in the
TZ with a certain packing fraction. The TRISO pack-
ing fraction (PF,) and the pebble packing fraction
(PFp) are assumed as 29 % and 60 %, which can go up
to 32 % and 74 % [31] according to packing arrange-
ment, respectively. The spherical geometries of a
TRISO fuel particle and carbon matrix pebble are il-
lustrated in fig. 2. This zone is cooled with high-tem-
perature coolant helium, (VF, =40 %). And also, geo-
metric characteristics of the TRISO particle [31] are
given in tab. 2.

/ SiC layer
Inner PyC
/ % PyC buffer
Iii :Fuel kernel
Fuel kernel
Fuel pebble sphere  Section  TRISO coated D=0.5mm

D=60mm fuel particle D = 0.92 mm

Figure 2. Fuel pebble sphere and TRISO coated fuel
particle, (PyC: pyrocarbon, SiC: silicon carbide)

Table 2. Characteristics of TRISO particles [30]

Layer Size [um] Material | Density [g/cm’]
Fuel kernel 250 (radius) U0, 10.55
PyC buffer | 95 (thickness) C/C 1.05
Inner PyC | 40 (thickness) C/C 1.90
SiC layer 35 (thickness) SiC 3.18
Outer PyC | 40 (thickness) C/C 1.90

Reflector zone: The role of this zone reflects and
returns back the energetic neutrons escaping from the
TZ, in order to enhance transmutation reactions. For
this reason, graphite (carbon) is selected as a reflective
material. Scatter cross-section of graphite is compara-
tively much greater than its absorption cross-section.
At the same time, the graphite is a good neutron mod-
erator. Therefore, graphite, also having a high-temper-
ature-resistant property, is largely used in nuclear re-
actors as an effective moderator and reflector.

Shield zone: This zone is made of boron carbide
(B4C) to absorb the neutrons ultimately escaping from
the RZ. B,C is most commonly preferred and used as an
absorbent for neutron radiation in nuclear power plants
due to the fact that it has a very high absorption cross-sec-
tion and excellent thermo-mechanical properties.

It is determined by comparing this semi-spheri-
cal configuration with our previous cylindrical config-
uration in ref. Yapici ef al. [14] that in the semi-spheri-
cal configuration, the value of k g can reach up 0.98
with lower enrich met of uranium (15 %).

The neutronic computations have been carried
out with a high-energy Monte Carlo code MCNPX 2.7
[32] by using the LA150 library [33] which consists of
reaction cross-sections for the neutrons from
0.0-150.0 MeV in tabular range for 42 isotopes [32].
Bertini INC model [34] is used for the intra nuclear
cascade of spallation reactions.

For each target case (Cases 1-3), three different
mixtures of ThO, and TRUO,, (Th, Pu)O,, (Th, Cm)O,,
(Th, Pu, MA)O,, have been investigated with various
mixture fractions (varying in the range of 5%-55%, de-
pending on the fuel composition).In the literature and our
previous studies [13,14], it is found out that the gain (G) is
maximum in the Case of proton energy £, = 1000 MeV.
Hence, proton energy assumed in this study is 1000 MeV.
Beside, it is approved that a continuous uniform proton
beam, 4 cm in radius, bombards on the target material.
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NUMERICAL RESULTS

Neutron multiplication

Neutron multiplication can mainly be provided
with two reactions; one is spallation reactions in the
target, and the other is the fission reactions of fissile
isotopes. In a nuclear system,the number of the pro-
duced neutrons is the algebraic sum of generated, cap-
tured and leaking neutrons. For a good neutron econ-
omy, numbers of captured and leaking neutrons
should be optimized. The numerical calculation brings
out that the optimum neutron production would be en-
sured with the target radius of 140 cm.

Figure 3 shows the variations of the produced
neutron number (PN) for all target and fuel composi-
tion Cases with TRUO, fraction in the fuel mixtures.
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Figure 3. Variations of the neutron production number
with the TRUO; fraction in the fuel mixtures
(Th, TRU)O,

As apparent from this figure, in all target cases,
more thorium is utilized in the fuel mixture case of
(Th, Cm)O,. This means that the fissile 2**U more
breeds, (see eq. 2a). The neutron productions in the
target case of pure LBE (Case 3) are about two times
those in the other target cases, which means up to 930
neutrons per proton. These results bring out that pure
LBE target is more effective, from the point of neutron
economy.

Energy gain and effective neutron
multiplication coefficient

The effective neutron multiplication coefficient,
kg 1s defined as the ratio of neutron quantity produced
in one generation to the neutron quantity in the preced-
ing one. This coefficient is less than 1 in the sub-criti-
cal ADS, (0.95-0.98).In this work, the fuel composi-
tions are adjusted that kg is provided in the range of
0.80 to 0.98.

The energy gain, G, is described as the ratio be-
tween the total fission energy production the fuel core

and the energy of the proton beam.
ReEy

£,

where Ry is the number of fission reaction and £ — the
energy per fission (200 MeV).

The variations of G and kg are plotted in fig. 4
vs. the TRUQO, fraction in the fuel mixtures for all tar-
get and fuel composition cases. The value of G can
reach up 96 in the Case 3. It is quite a high value in
terms of energy multiplication. As in the PN varia-
tions, also, the G values in the Case 3 are two times
those in the other target cases.

G= (1)

Fissile fuel breeding

In the ADS, not only energy production but also
fissile fuel breeding is one of priority issues for the op-
timization of the ADS design. Therefore, the consid-
ered ADS is optimized, from the points of both energy
production and the fissile fuel breeding. The fissile
breeding reactions taken into account in this study are
as follows

232Th(n,y)233Th f_23p, f 233y (2a)

28,9 )? UL Np—L 2P Py (2b)

23'8Pu(n,}/)239Pu (2¢)
20py (n,y)**'Pu 2d)
242Pu(n,}/)243Pu (2e)
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Figure 4. Variations of the energy gain and Figure 5. Variations of U breeding density with the
the effective neutron TRUO, fraction in the fuel mixtures (Th, TRU)O,
244 24 .
Pu(n,y)**Pu (29) fuel mixtures for target Case 1, Case 2, and all fuel
composition cases. The values of these breeding den-
242 24 - .
Cm(n,y) 3Cm (2g) sities are close to each other. Nonetheless, in the target
Case 2, it is seen that these values are reached at lower
244 245 L . - .
Cm(n,y)""Cm (2h) TRUOQO, fraction in the fuel mixtures.In addition to this

Figure 5 depicts the capture reaction densities of
232Th, which equal to 233U fissile breeding densities
(see eq. 2a), vs. the TRUO, fraction in the fuel mix-
tures for all target and fuel composition cases. In all
target cases, the production of 233U in the fuel mixture
case of (Th, Cm)O, is much higher than that in the
other fuel mixture cases, (about 2.5 times), and tho-
rium in this fuel mixture case is much more utilized
than that in the other fuel mixture cases.

Figure 6(a) shows 23°Pu fissile breeding densi-
ties obtained from the capture of 38U (see eq. 2(b)) in
the inner target zone, versus the TRUO, fraction in the

figure, the 23°Pu fissile breeding densities obtained
from the capture of 238Pu (see eq. 2(c)) in the TZ are
plotted in fig. 6(b). As is apparent from this figure, the
highest values of 22°Pu fissile breeding are obtained in
the target Case 3.

The other fissile fuel breeding densities, 2*'Pu,
243py, 24$3Cm, and ?*’Cm, are demonstrated in figs.
7-10, respectively. These breeding reactions are given
with egs. (2d-h). As shown in fig. 7, as the values of
241py breeding densities in the fuel mixture cases of
(Th, Pu)O, and (Th, MA, Pu)O, are almost the same in
the targets Cases 1, 2, those values are about 2.5 times
in the targets Case 3.This situation applies also for val-
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Figure 6(a). Variations of pu breeding density with the
TRUO; fraction in the fuel mixtures (Th, TRU)O, at the
inner sub-zone of the target zone

ues of #*Pu breeding densities (see fig. 8). The values
of 23Cm and >’Cm breeding densities in the fuel mix-
ture Case of (Th, MA, Pu)O, are quite low (near-zero)
in all target cases. In sum, the fissile breeding figures
show that the best target CASE is pure LBE target
(Case 3).

Furthermore, the values of all fissile fuel
breedings (in g/d) in the Case of k= 0.98 for proton
intensity (PI) of 10!7 s! are given in tab. 3. The 23°Pu,
241py, and 2#3Pu fissile fuels can be bred up to 776 g in
a day. As for the thorium utilization meaning fissile
233U breeding, this value can reach up to 905 g in a day.
The values of total fissile fuel breeding are in the range
of 510-1459 g/day. In brief, the numerical results con-
firm that the best target case is the pure LBE target and
the best fuel mixture case is (Th, Cm)O,, in terms of to-
tal fissile fuel breeding.

Thermal power

In this study, PI is assumed as 10'7 protons/s hav-
ing energy of a 1000 MeV. According to these values,
the proton beam power (PP in MW) and thermal power
(Py, in MW) can be calculated

PP =CE,PF-10"° (3a)
P, =GPP (3b)

Fraction [%]
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Figure 6(b). Variations of py breeding density with the
TRUO; fraction in the fuel mixtures (Th, TRU)O, at the
transmutation zone

where C; is conversion factor and equals to C; =
=1.602210"" J/MeV.

For k= 0.98 and PI = 1017 protons/s, the val-
ues of G and P, are given in tab. 3. The value of G var-
ies in the range of 35 to 96. Py, varies in the range of
562 to 1540 MW, depending on the values of G. In the
Case of pure LBE target, the values of Py, are above
1000 MW. Consequently, as regards thermal power,
the pure LBE target and the fuel mixture Case (Th,
Pu)O,, proved as the best configuration.

CONCLUSIONS

A conceptual semi-spherical ADS has been in-
vestigated to transmute TRU and thorium, and to
breed fissile fuel as well as energy production. The
several design structures and fuel mixtures have
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been analyzed from the points of transmutation and
energy production. In brief, the main conclusions
are: the pure LBE target, which is one of the exam-
ined targets, is the best target Case in terms of
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Figure 8. Variatons of >*Pu breeding density with the
TRUOQ; fraction in the fuel mixtures (Th, TRU)O,

neutronic performance. Significant amount of tho-
rium is utilized for production of fissile 23*U. Total
fissile fuel breeding is in the range of 510-1459 g per
day. The best (Th, TRU)O, fuel mixture is (Th,

Table 3. Neutronic data in the CASE of k.; = 0.98 for PI = 10V protons/s which corresponds 16.02 MW

. . ) . - =
SNTCase | rhes PPRUG, | SO G| PaMW] g g T e e e T o
ThO, + PuO, 55.0 41 648 1284 | 2344 | 213.0 | 503 - - 626

1 ThO, + CmO, 20.0 37 583 359.6 264.5 - - 9.66 | 269.6 903
ThO, + (Pu+ MA)O, 74.0 38 609 71.7 217.8 | 161.3 | 39.8 0.5 18.8 510

ThO, + PuO, 41.0 48 769 173.1 263.0 | 2229 | 52.6 - - 712

2 ThO, + CmO, 11.2 35 562 317.9 246.0 - - 4.5 145.2 714
ThO, + (Pu+ MA)O, 56.0 49 781 131.0 | 262.0 | 177.6 | 455 0.5 19.9 636

ThO, + PuO, 46.0 96 1540 423.8 484 | 587.0 | 140.8 - - 1200

3 ThO, + CmO, 15.2 69 1105 905.0 - - - 17.8 | 535.8 1459
ThO, + (Pu+ MA)O, 62.0 90 1446 279.9 46.1 | 4303 | 110.0 | 1.25 | 49.1 917

" Fraction of TRUO, in the fuel mixture
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Figure 9. Variations of Cm breeding density with the
TRUO, fraction in the fuel mixtures (Th, TRU)O,

Cm)O, in terms of total fissile fuel breeding. The
value of G would reach up to 96 that is quite a high
value. The values of P, are above 1000 MW in the
Case of pure LBE target and would reach up to
1540 MW. Consequently, the examined semi-spher-
ical gas-cooled ADS has rather high neutronic per-
formance for an effective energy production and
transmutation of nuclear fuel wastes, and this ADS
configuration can perform more effective transmu-
tation of spent fuel by using lower enrichment of
uranium, in comparison with our previous cylindri-
cal configuration in ref. Yapici et al. [14].
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I'msem BAKUP, I'am3e TEHY, Xycejun JAIINLIN

CTYIWJA UAEJHOI ITPOJEKTA CHUCTEMA YIPABJbAHOT
AKIEJIEPATOPOM, UCITYILEHOT TOPUJYMINOKCHUIOM CA
TPAHCYPAHCKUM INOKCHUIUMA Y BUAY TRISO EJIEMEHATA

YupaBibame yTPOLIEHUM HyKJI€apHUM TOPMBOM je€[Ha je Off [VIaBHUX TeMa Yy Kopulrhemwy
HYKJIeapHe eHEpruje, Te Cy NOCIEABbHX FOMHA pelleha OBOT NpobieMa YIIOPHO UcTpakusaHa. Iusm oBor
pafia je fa ce ucnuTa (bUCHOHA OIIOAHKA U MOTEHIUjalld TpaHCMYTalje TPAHCYPAHCKOT TOPHUBA y racoM
xJabeHoM cucteMy ynpasibaHOM akienepaTopoM. Ca HeyTPOHCKOT TJIEUIITA, HajlIpe je KOHIENTYyalHO
IIPOjEKTOBAHU CUCTEM YIIpaBJ/baH aKLeJIepaTOPOM ONITUMU30BaH KOpUlThewmeM BUIlle MaTepujala MeTe U
MeliaBuHa ropusa. IToToM cy Kao MeTe pa3MaTpaHe TpU KOMIIO3HIUje MaTepujaa: YUCT OJI0BO OU3MYT
eyrekTuk (LBE), LBE ca npupoganm UO, n LBE ca 15 % o6orahennm UO,. 30Ha MeTe pa3jiBojeHa je Ha ABe
MOJ[30HE, Ca je[THOM OJ30HOM YHYTap Apyre. Crobalima oj 30Ha je uucta LBE meTa, IoK je yHyTpalimba
— um1 UO, unmu uyucra LBE mera. UO, nop3ona xnabena je racom xenujyma. Hajsan, MelnaBuHa
TOPHjYMANOKCH/A Ca TPAaHCYPAaHCKUM AMOKCUAUMA, u3aBojeHa u3 PWR-MOX yTpolieHor ropusa y BUAY
KYIJIM CAUYME-EHUX Off I'pahuTa M TpUCTPYKTypaHo-u30TponHux (TRISO)-06aBujeHNX c(hepHUX TOPUBHUX
ejreMeHaTa, kopulltheHa je 3a OIUIOAKY (PUCHOHOT TOpHBa W TPAHCMYTAIWjy TPAaHCYPAaHCKUX TOPHUBA.
WcnuraHe cy Tpu pas3ianduTe TOpHjyM-TpaHcypaHcke cmece, (Th, Pu)O,, (Th, Cm)O, u (Th, Pu, MA)O,, ca
pasnuuuTuM (ppaknujama KomnoHeHTH. IIpeTnocraBibeHo je ga (pakiuje nakoBama FOPUBHUX KYIIN Y
TpaHCMyTalMOHOM je3rpy u TRISO-o6aBujeHUM TOPUBHUM €JIEMEHTUMA Y Kyruu, uzHoce 60 % u 29 %,
pecrnekTuBHO. TpaHCMyTaMoOHO je3rpo Takobe je xmabeHO BHCOKOTEMIEpPATYpPHUM XEJIHjyMCKUM
XJIaguoueM. Y IuJby CTBapama BUCOKOI HEYTPOHCKOr (hilyKca pajy NpofUpama Kpo3 TPAaHCMYTAaLUOHO
je3rpo, MeTa je U3J0XKeHa KOHTHHYalIHOM cHomlly mpoToHa eHepruje 1 GeV. Ilpopauynu cy o6GaBibeHH
MCNPX Monte Kapno xogom 3a BHcoKe eHepruje kopuirhewem LA150 6ubnuoreke. Hymepuuxu
pe3ynTaT moKasyjy fa pasMaTpaHH aKIleJIepaTOpOM yIIpaBbaH! CUCTEM HMa BUCOKE HEYTPOHCKE OJNINKE
y CMHCJIy CTBapamba eHepruje U oIofbe (pucuOUIHOr TOpUBa.

Kmwyune peuu: cucitiem yiipasmsan akyeaepaiiopom, pancmyiiayuja yiupouieHoz 2opued, cilaiayuja
HeYIipOHCKe meitie, 0lln00ma iiopujyma, TRISO Zopueo




