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Thorium, in this case, 232Th has a higher thermal neutron capture cross-section than 233U,
which means that more fertile isotopes can be transmuted and could lead to higher fissile iso-
tope 233U. In addition, 233U has a good performance in the thermal spectrum. Theoretically, a
nuclear reactor using thorium fuel can also last longer than one using uranium fuel. The use of
TRISO duplex fuel is predicted to produce better neutronic behavior in a pebble bed reactor.
This work aims to study the kinetic parameters of a pebble bed reactor with TRISO duplex
fuel. The configuration of the TRISO duplex fuel pebble consists of an inner region filled
with UO, TRISO particles and an outer region filled with ThO, TRISO particles sur-
rounded by a graphite matrix of fuel pebble. Three configurations with volume fraction of
UO0,ThO, were considered in this study: 80-20 %, 75-25 %, and 70-30 %. The HTR-10 re-
actor was chosen as a reactor model because its geometry and material specifications are
known. A series of calculations were conducted using the Monte Carlo transport code
MCNP6 and ENDFE/B-VII.1 nuclear data library. The calculation results were then analyzed
to investigate the effect of UO, and ThO, compositions in TRISO duplex fuel on the kinetic
parameters of the pebble bed reactor with various TRISO packing fractions of 1-50 %. It can
be concluded that the utilization of TRISO duplex fuel in a pebble bed reactor could signifi-
cantly affect the core multiplication factor and kinetic parameters caused by an increase in Th
content. On the other hand, the TRISO packing fraction is taking part in neutron modera-

tion since a lower packing fraction means higher moderation for fueled pebble.
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INTRODUCTION

Thorium is recognized as one of the possible en-
ergy sources in nuclear power plants and is considered
one of the possible solutions to overcome the shortage of
natural uranium in the event of a rapid expansion of nu-
clear power. This is because thorium, in this case, 2>Th
has a higher thermal neutron capture cross-section than
238U, which means that more fertile isotopes can be trans-
muted and could lead to higher fissile isotope 233U. The
23U has a good performance in the thermal spectrum. In
addition, the abundance of thorium in the Earth's crust
which is predicted to be three to four times that of uranium
can meet the world's energy needs for a longer time [1].

Thorium fuel with various chemical forms has been
utilized in past experimental and nuclear power reactors,
such as PWR (Indian Point I, Shippingport), BWR (Elk
River), MSR (MSRE ORNL), and HTGR (Dragon, Peach
Bottom, AVR, Fort St Vrain, THTR300) [2]. In the last de-
cade, the potential of thorium utilization has been studied in
Pebble Bed Modular Reactor (PBMR-400) [3] to reduce
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the accumulation of plutonium and minor actinides in nu-
clear waste. Neutronic analysis of a 50 MW light
water-cooled Small Modular Reactor (SMR) utilizing
transuranium and thorium has been researched [4]. The
Modular Gas Turbine Helium Reactor (GT-MHR) [S5] has
investigated the possibility of utilizing thorium with
weapon-grade plutonium (WGrPu). This reactor was also
used as a model reactor to study reactor fuel grade pluto-
nium (RGPu) in the form of a mixture with 2>Th and 28U
fertile fuels [6].

The use of TRISO duplex fuel is predicted to pro-
duce better neutronic behavior in a pebble bed reactor. It
provides higher burnup, better fuel utilization, and lon-
ger cycle length resulting from an improved ratio of neu-
tron capture in fertile material to neutron absorption in
fissile material. The TRISO duplex fuel is also predicted
to have the capability of maintaining longer criticality,
producing smaller reactivity changes, and reducing the
potential for plutonium build-up. The TRISO duplex fuel
has attractive neutronic characteristics, which offers pos-
sibilities for future studies [7].

This work aims to study the kinetic parameters of
a pebble bed reactor with TRISO duplex fuel. Kinetic
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parameters play an important role in reactor dynamic
analysis. The determination of kinetic parameters is of
major importance in reactor physics calculations be-
cause it is closely related to the transitional reactivity
analysis, safety, and control of nuclear reactors. The re-
actor kinetic parameters consist of the effective delayed
neutron fraction .y, prompt neutron lifetime (, and
neutron generation time A. The exact calculation of
these parameters is very crucial in conducting a nuclear
reactor transient analysis to represent the reactor perfor-
mance during dynamic changes caused by temperature,
control rod positions, coolant flow rate, and so on along
with its operation, malfunction, or even accident condi-
tion.

The configuration of the TRISO duplex fuel
pebble consists of an inner region filled with UO,
TRISO particles and an outer region filled with
ThO, TRISO particles surrounded by a graphite ma-
trix of fuel pebble. Three configurations with vol-
ume fraction of UO,-ThO, were considered in this
study: 80-20 %, 75-25 %, and 70-30 %. The HTR-10
reactor was chosen as a reactor model because its
geometry and material specifications are known. A
series of calculations were conducted using the
Monte Carlo transport code MCNP6 [8] and
ENDF/B-VII.1 nuclear data library [9]. The calcula-
tion results were then analyzed to investigate the ef-
fect of UO, and ThO, compositions in TRISO du-
plex fuel on the kinetic parameters of a pebble bed
reactor with various TRISO packing fractions of
1-50 %.

THE HTR-10 REACTOR

The HTR-10 reactor was used as a reactor model
in this study. It is a pebble bed reactor cooled by he-
lium gas and moderated by graphite with thermal
power of 10 MW. The main structural material of the
reactor used for the top, bottom, and side reflectors is
made of graphite. The channels for ten control rods,
seven elliptical small absorber balls, and three irradia-
tion experiments are located on the inner side of the re-
flector. The twenty helium flow channels are posi-
tioned on the outer side of the reflector. The reactor
uses helium flowing through the space between peb-
bles in the core from top to bottom with a temperature
of 250 °C and heating up to a temperature of 700 °C.
The general reactor design parameter is given in tab. 1.

The basic geometry of HTR-10 consists of a cy-
lindrical core with a diameter of 180 cm and an effec-
tive height of 197 cm. The active core with a nominal
volume of 5 m?® contains approximately 27 000 spheri-
cal pebbles with a composition of 57 % fuel pebbles
and 43 % moderator pebbles. The packing fraction of
pebbles in the core is 0.61. The moderator pebbles
made of pure graphite are first dropped randomly at
the lower part of the core with the same packing of

Table 1. The reactor design parameter of HTR-10 [10]

Reactor parameter
Thermal power [MW] 10

Inlet/outlet helium temperature [°C] 250/700
Helium pressure [MPa] 3
Helium mass flow rate at full power [kgs '] 43
Number of control rods 10
Number of small absorber balls 7

Core specification
Core diameter/height [cm] 180/197
Average core power density [MWm ] 2
Number of pebbles in full load 27 000
Packing a fraction of pebbles 0.61
Average discharge burnup [MWdt™'] 80 000
Fuel cycle scheme Multi-pass

0.61. The fuel pebbles are continuously recirculated
downward through the core five times using a
multi-pass scheme until reaching the design burnup of
80 000 MWdt .

To study the effect of TRISO duplex fuel, in this
work the TRISO particle is made up of the fuel kernel
of UO, with 17 % enriched 2**U. Another TRISO par-
ticle is made up of the fuel kernel of ThO,. Each kernel
is coated by four protective coating layers: porous car-
bon buffer (C), inner pyrolytic carbon (iPyC), silicon
carbide (SiC), and outer pyrolytic carbon (oPyC). The
coating layers act as multiple defenses and barriers for
fission product retention and maintain the integrity of
TRISO particles under a temperature limit of 1600 °C.
The configuration of a TRISO duplex fuel pebble con-
sists of an inner region filled with UO, TRISO parti-
cles and an outer region filled with ThO, TRISO parti-
cles surrounded by a graphite matrix of fuel pebble.
The fuel pebble is composed of UO, and ThO, TRISO
coated particles with volume fractions of 80-20 %,
75-25 %, and 70-30 %. The schematic view of a fuel
pebble is shown in fig. 1. The TRISO packing fraction
of 1-50 %, defined as a ratio of total fuel particle vol-
ume to the fuel pebble volume, was considered. The
specifications of fuel and moderator pebbles are given
in tabs. 2 and 3, respectively.

By design, the HTR-10 core is developed to use
a multi-pass scheme to achieve its 80 000 MWd/t dis-
charge burnup, by continuously moving within the re-
actor core and repeating its journey within the core
five times. In this study, the reactor core is assumed to
be loaded with fresh fuel.

CALCULATION MODEL

The MCNP6 code with ENDF/B-VII.1 nuclear
data library was used to perform all calculations. The
MCNP6 is a general-purpose, continuous-energy,
generalized-geometry, time-dependent, Monte Carlo
transport code developed by Los Alamos National
Laboratory (LANL) to track many types of particles
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Figure 1. The schematic view of
fuel pebble [11]
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Table 2. Specification of fuel pebble

Fuel pebble
Fuel composition UO,; ThO,
Fuel pebble radius [cm] 3
Fueled zone radius [cm] 2.5
Graphite density in matrix/shell [gem™] 1.73
Natural boron impurity in fuel/graphite 1.0/1.3
[ppm]
TRISO coated particle
Material Density [gcm’3] Outer radius [cm]
Kernel UO,; ThO, 10.40; 9.70 0.0250
Buffer 1.10 0.0340
iPyC 1.90 0.0380
SiC 3.18 0.0415
oPyC 1.90 0.0455
Table 3. Specification of moderator pebble [12]
Moderator pebble radius [cm] 3
Graphite density in moderator pebble [gem™] 1.84
Natural boron impurity in graphite [ppm] 1.30

over a wide energy range. The code has successfully
demonstrated its powerful capability in modeling 3-D
extra-complex geometries and simulating neutronic
parameters of various types of the reactor [13-20].

In this work, the modeling of HTR-10 is divided
into two categories: TRISO duplex with ThO, and
UO, particles inside the fuel pebble and pebbles in the
reactor core modeling. This model is very important
before performing the neutronic calculations such as
criticality, reactivity, neutron spectrum, fuel depletion
and burnup, kinetic parameters, efc.

The TRISO particle model in fuel pebble

The UO, TRISO particle was modeled with a
simple cubic (SC) lattice. The TRISO particle was
placed in the lattice center with graphite matrix occu-
pying the remaining region outside the particle in the
lattice. The ThO, TRISO particle was modeled with a
similar procedure. The fuel pebble was modeled by ar-

Graphite shell

Fuel zone

TRISO fuel particles
randomly dispersed in
fuel zone

3cm

< 2.5cm |

Pebble fuel element

ranging the particle lattices with a configuration of
UO, TRISO particles in the inner region and ThO,
TRISO particles in the outer region of the fuel pebble.
The 0.5-cm-thick shell graphite enveloping the fueled
zone was then modeled to complete the fuel pebble
model. Three configurations with volume fraction of
UO,-ThO, were considered in this study: 80-20 %,
75-25 %, and 70-30 %.

The repeated structure, constructed by UNI-
VERSE and a combination of LATTICE and FILL op-
tions was used to model the fuel pebble. This structure
will raise the incomplete TRISO UO, and TRISO
ThO, particles on the spherical surfaces of the inner
and outer regions of the pebble-fueled zone. However,
such a condition can be ignored because the packing
fraction of TRISO particles which is small or even
larger than 30 % will not significantly worsen the cal-
culation results [21]. In this specific study, the TRISO
duplex packing fraction of 1-50 % was considered to
find the impacts on the neutronic parameters of
HTR-10. The MCNP6 model for TRISO duplex parti-
cle inside fuel pebble is illustrated in fig. 2. The isoto-
pic concentration of the fuel particle (in atom per barn
per cm) is given in tab. 4 . The isotopic concentration
of graphite matrix and graphite shell (in atoms per barn
per cm), which is identical, is given in tab. 5.

Pebble model in the reactor core

The reactor core was modeled by arranging
27 000 pebbles in the body-centered cubic (BCC) lat-
tice. The lattice consists of one fuel pebble placed at
the center of the lattice and eight of 1/8 moderator peb-
bles positioned at the corners of the lattice. The empty
region outside the pebbles in the lattice was occupied
by helium coolant. The composition of 57 % fuel peb-
bles and 43 % moderator pebbles in the reactor core
were preserved by reducing the radius of the modera-
tor pebble from 3 cm to 2.7310 cm. A pebble packing
fraction of 0.61 was reproduced by adjusting the pitch
of the BCC lattice from 7.1853 cm to 6.8772 cm.
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Figure 2. The MCNP6 model for (a) TRISO duplex particle and (b) fuel pebble

Table 4. The isotopic concentration of TRISO particle

Kernel UO, Kernel ThO,
U 3.992067-10° P0Th 5.078813-10°°
3y 1.924449-10°> B2Th 2.516960-10>
e} 4.647329-1072 ¢} 5.034935-10
g 1.849637-10°° B 1.849637-10°8
"B 7.445022-10° "B 7.445022-10°
Coating layers

Buffer SiC
C 5.51513-1072 s 4401951072
iPyC/oPyC i 2.24945.107
c 9.52614-1072 05i 1.49008-10°*
C 4.77590-10°2

Table 5. The isotopic concentration of graphite matrix
and graphite shell [12]

Graphite matrix Graphite shell
C 8.674169-107 C 8.674169-107°
1B 2.244010-10° B 2.244010-10°
;] 9.032424-10°* "B 9.032424-10°

The repeated structure was also used to model
the reactor core which causes the appearance of partial
pebbles around the core. This indirectly adds extra fuel
to the core. Excess fuel contributed by partial pebbles
can be compensated by applying an exclusive zone of
helium encircling the reactor core with a thickness of
1.71 cm. The cone at the bottom of the core was mod-
eled by arranging moderator pebbles in a BCC lattice
with helium in the empty gap between the pebbles.
Graphite reflectors, helium flow channels, irradiation
experiment channels, and other reactor components
such as shutdown system channels consisting of con-
trol rods and small absorber balls in the inner side of
the reflector were completely modeled. The MCNP6
model for the axial and radial views of the reactor core

is illustrated in fig. 3. Since it was introduced by
Lebenhaft in 2001 [22], this modeling procedure was
used as a reference for computation models in numer-
ous publications [23-29].

RESULTS AND DISCUSSION

All calculations were conducted using KCODE
and KSRC options provided in MCNP6. The KCODE
option was performed by simulating 250 000 neutrons
in each cycle of 250 cycles tracked and averaged in a
random step directed by interaction probabilities. The
50 cycles were discarded to ensure the fission source
convergence. The real neutron history starts from neu-
tron sources specified by the KSRC option and is lo-
cated at the center of the core. Thermal neutron scat-
tering library S (¢, B) was used to consider the
interaction of thermal neutrons with all graphite con-
tained in the entire pebbles and the whole reactor at
low energy below 4 eV. The KOPTS card was acti-
vated to calculate the kinetic parameters of the pebble
bed reactor. All control rods were set to be in a com-
plete withdrawal position. The outer boundary of the
reactor system was assumed to be in vacuum condi-
tion. The maximum relative statistical error of kg, ¢,
A,andp gcalculations are 0.045 %, 0.077 %, 1.116 %,
and 6.931%, respectively.

The calculation results of the effective multipli-
cation factor kg are illustrated in fig. 4. The k4 is de-
fined as the ratio of the number of neutrons produced
by fission in one generation to the number of neutrons
lost through absorption and leakage in the preceding
generation. This factor depends on various parameters
which also vary with temperature and are related to re-
actor safety. From the figure, it can be observed, that
Duplex fuel has a lower kg value than the commonly
used UO, fuel. This is because the ThO, that occupies
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Figure 4. Effective multiplication factor k.
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Figure 3. The MCNP6 model for (a) the axial and (b) radial views of the reactor core

the duplex fuel with a certain volume fraction causes
the mass of 2*>°U to decrease. The higher the volume
fraction of ThO, in duplex fuel, the lower the core kg
value. The 232Th isotope which has a higher thermal
neutron capture cross-section than 238U loaded in the
core is not strong enough to compensate for UO, to in-
crease the kg value. It can be noted here, that the kg
value shows a tendency to increase at low packing
fractions to reach a maximum value before decreasing
with increasing packing fractions. The effect of neu-
tron moderation is behind this tendency.

Maximum kg values are achieved by duplex fuels
for configurations with volume fractions of 80 %
U0,-20% ThO, (1.16150% 0.00037),75 % UO,-25%
ThO, (1.14850 + 0.00038), and 70 % UO2,-30 % ThO,
(1.13547 £ 0.00038) at TRISO packing fractions of 15
%, 20 %, and 20 %, respectively. Consistently, the core
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which is only loaded with UO, fuel achieves the highest
kyrvalue (1.20631 £ 0.00038) at the same packing frac-
tion of 15 %. After the optimal & value is reached, the
thermal neutron population decreases significantly with
increasing packing fraction. The increasing TRISO
packing fraction will increase the loading of heavy met-
als in the reactor core which consequently reduces the ra-
tio of moderators to heavy metals. This results in an in-
crease in the neutron capture cross-section and a
decrease in the reproduction factor which in turn reduces
the k. value.

The calculation results of the kinetic parameters
are depicted in figs. 5-7. The kinetic parameters are
significant in the safety analysis of nuclear reactors
and an accurate calculation of these parameters is very
important in dynamic analysis for reactors operation,
especially in fast transients. One of the kinetic parame-
ters that characterize the time behavior of the neutron
population is the prompt neutron lifetime (. The ¢ has
an impact on the time scale of the reactor core response
to changes in reactivity. In reactor kinetics, the ( is de-
fined as the time between the birth of a neutron from
fission and its loss due to leakage, parasitic absorption,
or absorption in fuel. This parameter is important in
determining the time dependence of excursions in
which the reactivity excess is so great that the reactor
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Figure 7. Effective delayed neutron fraction f.i

is critical or near critical on the prompt neutrons alone
without the delayed neutron contribution.

In fig. 5 the ( is presented. It can be seen that, if
the packing fraction increases, the { will exponentially
decrease. This is due to the hardening of the neutron
spectrum by a decrease in fuel loading caused by the
reduced packing fraction. The duplex fuel for configu-
ration with a volume fraction of 70 % UO,-30 % ThO,
shows the highest ( than configurations with other vol-
ume fractions. The neutron generation time A is re-
lated to the (. It is a measure of the time required for a
change in the nuclear reactor multiplication factor in
affecting the neutron population. For a critical system,
the ¢ is equal to the A which means that the time of neu-
tron removal is equal to the time for neutron creation.
A similar trend of A to that of ¢ are shown in fig. 6, if
the packing fraction increases the A will exponentially
decrease. The duplex fuel for configuration with a vol-
ume fraction of 70 % UO,-30 % ThO, also provides
the highest A compared to configurations with other
volume fractions. The higher ThO, volume fraction in
duplex fuel clarifies better controllability of the reac-
tor at any TRISO packing fraction.

The effective delayed neutron fraction S as
part of the kinetic parameters is also an important pa-
rameter for reactor dynamics. Its value is affecting
neutron dynamics during transient calculation for re-
activity insertion i. e,. from control rod displacement,
void fractions, Doppler effect, efc. In general, delayed
neutrons fraction and its decay constant in nuclear re-
actors affect reactor controllability which is related to
reactor power change rate. If there is no delayed neu-
tron, the reactor power could increase in such a short
time that could lead to significant damage. A smaller
B indicates a smaller fraction of neutrons appear as
delayed neutrons which makes a faster reactor re-
sponse to areactivity, inversely, a larger 8 could lead
to a slower response during reactivity insertion which
makes it easier to control the reactor.

The results of the B 4 of each configuration
shown in fig. 7 do not indicate the regularity of change
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Table 6. The 5. at maximum kg configuration

100 % UO,-0 % ThO, 80 % UO,-20 % ThO,
PBerr=0.00757 £ 0.00046 TRISO packing fraction =15 % e = 0.00670 £+ 0.00042 TRISO packing fraction = 15 %
i Bi Ai Bi Ai
1 0.00034 + 0.00012 0.01334 0.00016 + 0.00005 0.01334
2 0.00134 + 0.00019 0.03273 0.00111 £ 0.00020 0.03273
3 0.00132 +0.00017 0.12079 0.00127 £ 0.00017 0.12080
4 0.00312 + 0.00031 0.30292 0.00246 + 0.00026 0.30295
5 0.00113 +£0.00018 0.85021 0.00120 + 0.00017 0.85005
6 0.00032 + 0.00008 2.85478 0.00050 + 0.00011 2.85486
75 % UO»-25 % ThO, 70 % UO,-30 % ThO,
Peir=0.00647 £ 0.00039 TRISO packing fraction =20 % Perr=0.00717 £ 0.00042 TRISO packing fraction =20 %
i Bi Ai Bi Ai
1 0.00021 + 0.00006 0.01334 0.00019 + 0.00006 0.01334
2 0.00125 + 0.00019 0.03273 0.00129 + 0.00017 0.03273
3 0.00118 +£0.00016 0.12079 0.00141 +0.00018 0.12080
4 0.00252 + 0.00024 0.30293 0.00274 £ 0.00027 0.30295
5 0.00088 + 0.00013 0.85042 0.00101 +0.00016 0.85064
6 0.00042 + 0.00011 2.85472 0.00054 + 0.00012 2.85561

even though the delayed neutron fractions of the 232Th,
2381, and 33U isotopes have considerable differences
from each other as a standalone heavy metal material.
The S statistical error, and decay constants of each
fuel composition in 15 % and 20 % packing fractions
are shown intab. 6. The 8 g fluctuates within 3 times of
statistical error of each delayed neutron group which
makes the variation in fuel composition considered in
this study is not showing significant changes or trends.
Also, considering that this study is only focused on
fresh fuel at the beginning of the cycle, fissile material
233U is not produced yet, which makes its contribution
to delayed neutron fraction not being accounted to this
study. Some sensitivity analysis regarding the geomet-
rical modeling of TRISO packing fraction on MCNP
and its correlation to heavy metal composition is
needed to make sure that 5 is only related to fertile
material composition at the beginning of the cycle.

Significant change might be shown if depletion
calculation is carried out, but it will be part of the fur-
ther calculation. Table 6 also shows that adding ThO,
in the fuel at the BOC is not directly affecting 3, since
only delayed neutron groups 2, 4, 5, and 6 show some
sort of trend in increasing the . which is still inside
the B statistical error, decay constant 3; of delayed
neutron precursor B, also do not change drastically.
These findings could lead to some statistical conclu-
sion that 8 in BOC is not affected by the addition of
ThO, into the fuel kernel. Depletion calculation re-
lated to fuel burnup might show it better later.

CONCLUSION

A study on the kinetic parameters of a pebble bed
reactor with TRISO duplex fuel has been conducted
through a series of calculations with MCNP6 code and

ENDEF/B-VII.1 library. It can be concluded that the uti-
lization of TRISO duplex fuel in a pebble bed reactor
could significantly affect the core multiplication factor
and kinetic parameters caused by an increase in Th
content. On the other hand, the TRISO packing frac-
tion is taking part in neutron moderation since a lower
packing fraction means higher moderation for fueled
pebble. The calculation results show that the maxi-
mum k. values are achieved by duplex fuels for con-
figurations with volume fractions of 80 % UO,-20 %
ThO,, 75 % UO,-25 % ThO,, and 70 % UO,-30 %
ThO, at TRISO packing fractions of 15 %, 20 %, and
20 %, respectively. At any TRISO packing fraction,
the higher ThO, volume fraction in duplex fuel gives a
higher prompt neutron lifetime ¢ and the neutron gen-
eration time A which exponentially decreases while
the TRISO packing fraction increases. The B 4 values
do not indicate the regularity of change with TRISO
packing fraction changes, which turns out that in this
study, some sensitivity calculation of the MCNP geo-
metrical model for the HTR core might be needed to
know how much B« is affected by fuel composition.
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3YXAWUP, Baxun IYTOU, P. Auguka ITyrpa IBUITAJAHTO, Anuc POXAHA, CYBOTO

CTYIUMJA KUHETUYKUX ITAPAMETAPA PEAKTOPA CA
I/bYHKOBUTUM TPUCO NBOJHUM IOPUBOM

Topujym 2**Th, y oBoM cnyuajy, uma Behin MONpevHn Mpecek 3a 3aXBaT TEPMUYKHX HEYTPOHA O]T
238U, 1To 3HauM 1a IIIOHHUjM H30TOMM MOTY OMTH TPAHCMYTOBAHM ¥ IOBECTH 0 (PUCHOMITHUjET H30TOMNA
238U. Iopen Tora, >>U uMa o6pa cBOjcTBa y TEPMUYKOM CIIEKTPY. TeopeTcKH, HyKIeapHu peakTop KOju
KOPHUCTH TOPHjYMCKO TOPUBO TaKohe MO3Ke TpajaTH iy>ke Off peakTopa KOju KOPUCTH yPaHUjYMCKO TOPUBO.
IMpensuba ce ga he ynmorpeba TPMCO nBojHOT TOpmBa MpOM3BECTH OOJbE HEYTPOHCKO TOHAIIAHE Y
peaxkTopy ca HIIJbYHKOBUTUM ciojeM. OBaj pajg uMma 3a UiJb IpoyvyaBamkbe KMHETHUKHMX Hapamerapa
peakTopa ca HUbYHKOBUTUM ciojeM of TPUCO nBojuor ropusa. Koudurypamuja TPMICO paBojHOT
TFOPUBHOI IIJbYHKA CacTOjU ce of yHyTpallwker peruoHa ucnywerHor UO, TPUCO uecrunama u
cnojbalikber peruonHa ucnywenHor ThO, TPUCO wyectunama OKpy:KEHOr rpapuTHOM MaTpPHULOM Off
TOPUBHOT LIJbYHKA. Y pajly cy pa3MaTpaHe Tpu KoHpurypauyje ca 3anpeMuHckuM yaeiaom UO,-ThO,:
80-20 %, 75-25 % n70-30 %. 3a mopien peakTopa n3abdpat je peakTop HTR-10 ca no3HaTOM reoMeTpujoM 1
cnenudukanujom wmartepujaia. Cepuja mpopadyHa crnpoBefieHa je kopunthewem Monte Kapimo
tpa"cnioptHOr Kola MCNP6 n ENDF/B-VII.1 6ubnunoTreke HyKIeapHUX nojaraka. Pesyaratu mpopauyHa
3aTUM Cy aHaNM3MpaHU fAa 6u ce ucnurao yrunaj cacraa UO, u ThO, y TPICO paBojHOM ropuBy Ha
KIMHETHYKE IMapaMeTpe peakTopa ca IUbYHKOBUTHM ciojeM, ca pasmuuutuM TPUCO dpakuujama
nakoBama off 1-50 %. Moxe ce 3akibyuntu fa 6u kopuitheme TPUCO aBojHOT TOpHBa y peakTopy ca
LIIJbYHKOBUTHUM CJIOjéM MOTJIO 3HA4yajHo YTHIATH HA (pakTOp MyJNTHUIUIMKALUje je3rpa U KUHETHYKe
napameTpe y3poKoBaHe nosehameM cappxkaja Topujyma. C apyre crpane, TPCO ¢pakiuja nakoama
yUeCTBYje y ycIopaBamy HEyTPOHa jep HUKa (ppakiiyja nakoparma 3Haud Behe ycnopaBame 3a IUbYHAK ca
TOPUBOM.

Kmwyune peuu: kunetiuuku dapameiiap, peaxkitiop ca uwpyruxosuitium caojem, TPHUCO 0s80jHo Zopuso,
MCNP6, ENDF/B-VII.1




