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Availability of fast computer resources nowadays has facilitated more in-depth modeling of
complex engineering systems which involve strong multiphysics interactions. This
multiphysics modeling is an important necessity in nuclear reactor safety studies where ef-
forts are being made worldwide to combine the knowledge from all associated disciplines at
one place to accomplish the most realistic simulation of involved phenomenon. On these lines
coupled modeling of nuclear reactor neutron kinetics, fuel heat transfer and coolant transport
is a regular practice nowadays for transient analysis of reactor core. However optimization
between modeling accuracy and computational economy has always been a challenging task
to ensure the adequate degree of reliability in such extensive numerical exercises. Complex re-
actor core modeling involves estimation of evolving 3-D core thermal state, which in turn de-
mands an expensive multichannel based detailed core thermal hydraulics model. A novel ap-
proach of power weighted coupling between core neutronics and thermal hydraulics
presented in this work aims to reduce the bulk of core thermal calculations in core dynamics
modeling to a significant extent without compromising accuracy of computation. Coupled
core model has been validated against a series of international benchmarks. Accuracy and
computational efficiency of the proposed multiphysics model has been demonstrated by ana-
lyzing a reactivity initiated transient.

Key words: multiphysics modeling, TRIKIN, space-time kinetics, core thermal hydraulics, coupled
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INTRODUCTION

The foundation pillar in the peaceful utilization of
fission nuclear power has always been the strong em-
phasis on nuclear safety. Safety has been accomplished
through in-depth review of design and operations, in-
corporation of findings from safety R&D worldwide
and improvement in methods of evaluation. In the entire
chain of safety process, safety analysis has been a vital
link which provides an estimation of the capability of
the nuclear systems to control or accommodate depar-
tures from normal operation or postulated malfunctions
or failures. Itis also used to demonstrate that the nuclear
plant does not pose unacceptable hazards under the
worst accident scenarios. Safety analysis is performed
using numerical simulation tools (computer codes)
which have evolved gradually in terms of accuracy and
complexity over the past five decades. These numerical
simulation tools are widely used for safety analysis
within the framework of the licensing and safety im-
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provement programs of existing nuclear power plants,
better utilization of nuclear fuel, higher operational
flexibility, for justification of lifetime extensions, de-
velopment of new emergency operating procedures,
analysis of operational events and development of acci-
dent management programs. As a conventional prac-
tice, problem specific models addressing limited physi-
cal phenomenon were developed and used during
design and analysis of present generation nuclear reac-
tors. These codes were based on strong emphasis of sin-
gle physics phenomenon and they were improved and
refined thoroughly in that aspect. Since these individ-
ual physical models were developed independently to
pursue limited objectives, they had very little or almost
no connections, e. g., core physics codes were used ex-
tensively for fuel management and criticality calcula-
tions, systems codes like RELAP, TRAC, and ATHLET
[1] were developed for analyzing thermal hydraulics,
leaks, system transients, efc., structure codes were used
to assess structural integrity, life management and aging
like issues, inventory codes like ORIGEN were devel-
oped for estimating core radionuclide inventories for
consequence analyses. These types of single physics
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models though helped appreciably in design and analy-
sis of present generation reactors; they could not ad-
dress finer aspects of many inter physics interactions.
Thus far, major limitation in modeling of finer
multiphysics aspects of reactor core through integrated
multiphysics computational simulation was lack of
strong computing resources. The recent availability of
powerful computers and improved computational tech-
niques has made possible developing more realistic
models of complex interacting phenomena in nuclear
power plant (NPP) with more precise consideration of
reactor multiphysics effects. Such multiphysics model-
ing of NPP at different level of time and scale provides a
basis to undertake a more in-depth evaluation of the
safety margins found in previous core simulations for
which limited conservative models were used. Insights
in the complex physical phenomenon may also provide
incentives to more efficiently utilise the nuclear fuel
and obtain cost benefits in the operation of the NPP
without compromising safety. It can also help in relax-
ing some operational procedures as well as could pro-
vide more effective guidelines for optimization of
emergency operating procedures. This multiphysics
modeling practice has become an inevitable require-
ment of new generation large power reactors which are
being designed to meet more stringent safety require-
ment. Comprehensive efforts are now being placed at
combining knowledge of all involved diverse physical
disciplines in high-performance multipurpose simula-
tion models to improve the reliability of computational
simulations to the highest level and avoiding all possi-
ble sources of analytical uncertainties.

Nuclear reactor dynamics is a stream of reactor
analysis which deals with the transient behavior of nu-
clear reactor core under the influences of internal as
well as external changes. These changes could include
reactivity effects and/or changes in thermal states
and/or changes in dimensions. Discipline of reactor dy-
namics is characterized by large number of strongly in-
teracting physical phenomenon with significantly di-
versified time scales as shown in fig. 1. For a situation to
be analyzed, if these phenomena do not have significant
interaction with each other, they can be studied in an in-
dependent manner like structural damage under irradia-
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Figure 1. Time scales in nuclear reactor dynamic

tion, fuel burn-up analysis, radiolysis, etc. However if
time scales of involved phenomenon have appreciable
overlaps, they should be treated in a coupled manner.
This is mainly the domain of reactor kinetics studies
where prompt and delayed neutron build-up and decay,
temperature feedbacks, control responses, reactivity ef-
fects of fission product poisons and system response,
etc. evolve in a coupled manner. In case of new genera-
tion large power reactors these aspects have become
more important where neutronic decoupling due to
large core dimensions, strong and possibly asymmetric
reactivity feedback mechanisms, conjugate fuel and
coolant heat transfer, cross-flow coolant dynamics, ves-
sels mixing related asymmetric reactivity concerns,
global and spatial control responses, spatial xenon and
iodine dynamic, efc., demand a comprehensive
multiphysics model for more realistic simulation. Con-
sistent with this objective, backed up by strong comput-
ing resources, many international initiatives have been
taken up during last two decades in nuclear industry.
Several detailed 3-D core dynamic computer codes like
NESTLE [2], DYN3-D [3], NEM [4], PRACS [5],
KIKO3-D [6], and TRIKIN [7], etc. have been devel-
oped.

For best estimate analysis of reactor core nuclear
transients, these models generally employ the
multiphysics modeling approach shown in fig. 2,
where neutron kinetics module brings out changes in
reactor power and power distribution following a
given reactivity actions and/or core thermal state
changes. This change in power and/or power distribu-
tion leads to further core thermal state changes and so
on. Thus, 3-D neutron kinetics module requires fuel
temperature and coolant density distribution in the
core to update the coefficients of multi group neutron
diffusion equation consistent with evolving core ther-
mal state which are obtained from fuel heat transfer
and coolant transport modules as shown. The way dif-
ferent modules are integrated together affects signifi-
cantly the efficiency of computation. In principle dif-
ferent physics modules exchange relevant data at
pre-defined time intervals for specified set of spatial
meshes in the computing domain. Therefore simula-
tion accuracy increases if data is exchanged more fre-
quently among the modules (large number of time
meshes) and at more number of space points in the so-
lution domain. Based on these ideas, two approaches
of coupling have been conventionally adopted in cou-
pled core modeling, in which either simple single
channel core thermal hydraulic (TH) model is coupled
to a full 3-D neutron kinetics module in an averaged
manner or detailed multichannel core thermal hydrau-
lic model is coupled to a full 3-D neutron kinetics
module in a one to one manner. Later approach being
more precise provides excellent computing accuracy
at the cost of significant additional computing effort
associated with excess core thermal calculations.
Thus, the two coupling strategies in present coupled



K. Obaidurrahman, ef al.: Towards an Efficient Multiphysics Model for Nuclear Reactor ...

Nuclear Technology & Radiation Protection: Year 2015, Vol. 30, No. 3, pp. 165-174 167
Fluid dynamics
Required input from other physics modules:
power distribution,
fuel temperature distribution
Nuclear reactor '
core
3-D neutron kinetics
Required input from other physics modules: Delivers:
Coolant density and boron distribution, Coolant temperature, density, and boron distribution
fuel temperature distribution
0.65 0.67 0.69 0.71  0.73 0.75

x10'2

Thermal neutron flux [cm2s™"]

Delivers:
Reactor power,
neutron flux, and power distribution

Moderator density [gem™]

Heat transfer

Required input from other physics modules:
power distribution,
coolant temperature, and density distribution

Delivers:
Fuel temperature distribution
600 650 700 750 800 850 900 950 1000
Fuel temperature [°C]

Figure 2. Multi-physics models for reactor dynamics studies

kinetics codes lie at two extremes. Single channel cou-
pling is simple and time efficient but is moderately ac-
curate. On the other hand multichannel based coupling
is quite accurate but computationally intensive. Pres-
ent work aims to bridge this gap through an improved
scheme which enhances the accuracy of single chan-
nel based coupled core dynamics computation signifi-
cantly.

The next section of this paper describes govern-
ing equations for different modules and their numeri-
cal solution. A new coupling scheme for core
multiphysics has been explained in the section Power
weighted coupling scheme. Application of models and
intercomparison of three coupling schemes are pre-
sented in the later sections.

MATHEMATICAL MODELS
3-D neutron Kinetics

The model almost universally used in space-de-
pendent dynamics is that of multigroup neutron diffu-

sion theory, with coupling to the equations for the de-
layed neutron precursors. These equations are
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where D, is the neutron diffusion coefficient of group
g, X, — the removal cross-section, Xy — the fission
cross-section, § — the delayed neutron fraction, y” —
the fraction of prompt neutron of energy £, v —the av-
erage number of neutron released per fission, y* — the
fraction of delayed neutron of energy £, and A; and C;
are decay constant and concentration of i family de-
layed neutron precursor, respectively.
Approximation methods for the solution of these
space-energy dependent neutron kinetics equations
have been of significant interest in reactor physics
since the early 1960, when a few numerical experi-
ments [8] demonstrated the limitations of the
“point-reactor” model for the analysis of the large re-
actors. The importance of the spatial variations of neu-
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tron flux in the safety analysis of nuclear reactors de-
pends on the fact that the “point-reactor” power
predictions are not only inaccurate in many cases, but
also underestimate the reactivity insertion, and there-
fore are non conservative in a safety sense. However
solution of time dependent multigroup diffusion equa-
tion present following difficulties.

(@) A very high dimensionality for realistic
multigroup 3-D reactor problems, which result
from complete discretization of all the independ-
ent variables namely space, time, and energy.

(b) A considerable degree of “stiffness” because of
the wide spread in characteristic times.

(c) The presence of discontinuous coefficients as a re-
sult of the highly heterogeneous nature of nuclear
reactor cores.

In addition to this, in real dynamics problems,
especially those involving safety considerations, the
coefficients in this system of partial differential equa-
tions depend upon parameters such as temperature,
void, etc. which themselves depend on the neutron
power level. Thus the solution of multigroup diffusion
equation with spatially dependent feedback problem
comprises a very large and complex system of coupled
non-linear PDE. For a realistic reactor problem it is
impossible to have an analytical solution but numeri-
cal solutions are attempted to various degrees of so-
phistication. Many methods like direct methods, finite
element methods (FEM), nodal methods, modal meth-
ods, factorization methods, finite difference methods
(FDM), etc., have been developed during the past four
decades to solve spatial kinetics equations. These
methods differ in terms of accuracy, algebraic simplic-
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ity and computational economy, e. g., FDM are simple
and easy to implement but require small mesh sizes
and therefore are very expensive computationally.
Complete numerical scheme and step by step algo-
rithm adopted in the present model to 3-D solve neu-
tron diffusion equation based on improved quasi-static
(IQS) approach for different geometries has been ex-
plained in detail [7, 9]. The algorithm has been vali-
dated against variety of transient benchmarks for dif-
ferent types of power reactors viz; VVER, PHWR, and
PWR.

Core thermal hydraulics

Nuclear reactor core is comprised of many fuel
assemblies and each fuel assembly consists of large
number of fuel pins. To determine the thermal state of
the core, the reactor core is transformed into equiva-
lent heated channels. Mass, momentum, and energy
equations of the coolant are solved for these channels.
Aheated channel is generally taken as a representative
coolant sub-channel within a fuel assembly (fig. 3)
which is assumed to receive coolant only through its
bottom inlet. The fuel and clad heat conduction equa-
tions are also solved along with the coolant equations.
These equations are generally coupled to coolant
equations through heat transfer coefficient. Cross-sec-
tional average coolant quantities are considered so that
the problem is simplified as a lumped parameter, one
dimensional (axial) problem i. e., azimuthal/radial
variations of coolant quantities within the channel are
ignored. In the simplest model, entire core is repre-

Fuel assembly
Coolant subchannel

v/

Coolant in

Hollow fuel pin triangular pitch

Figure 3. Subchannel representing equivalent core heated channel
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Figure 4. Core equivalent thermal hydraulics model

sented by a single heated channel. This assumption
holds good for small cores, where radial/azimuthal
variation within the core is much less. For large reac-
tors, fuel assemblies which have nearly identical
power distribution are grouped together. Coolant
sub-channels representative of these groups form mul-
tichannel TH model of the core. These heated channels
may be interconnected along the length if there is pos-
sibility of cross-flow among the channels. If this
cross-flow is neglected then the multi channel model
becomes the extension of single channel model with
appropriate boundary conditions at inlet and outlet at
all the channels. These possible TH models are ex-
plained in fig. 4.

Fuel heat transfer in the radial pin is governed by
time dependent heat conduction equation. Time de-
pendent radial temperature distribution in the fuel pin
is governed by conduction equation in cylindrical ge-
ometry

10 oT - oT
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where all symbols carry their usual meaning.

The assumptions involved in this equation are:

(a) Axial and azimuthal conduction is negligible.

(b) Volumetric heat generation ¢" is uniformly dis-
tributed over the fuel pellet cross-section, gamma
heat generation in the gas gap and the cladding is
ignored.

(c) Thermal conductivity in the fuel pellet and the
cladding depends on temperature, burn up and po-
rosity.

(d) Volumetric heat capacity and density in fuel pellet
and cladding are temperature dependent.

(e) Thermal conductance in the gas gap is a function
of temperature and burn-up.

Boundary condition which are applied to the
heat conduction equation are,

— Adiabatic boundary condition is applied at the in-
ner radius of fuel pin

oT
—ke(T)y— =0 “4)
or T
—  The heat flow across the gap is through conduc-
tion, convection, and radiation from fuel surface
to clad. All these modes of heat transfer are

clubbed together in a single parameter known as
gap conductance (Ag,p), i. e.
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— The heat flow from the clad outer surface is
through coolant forced convection
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Axial coolant transport is governed by the one
dimensional solution of mass, momentum and energy
equations for coolant. Properties of coolant are as-
sumed to be constant at every axial mesh i. e., radial or
azimuthal variation in the coolant properties is ig-
nored. In all the PWR, there exists a small radial pres-
sure gradient at the core inlet, which vanishes slowly
at the core exit and practically there is no radial pres-
sure gradient at the core exit. Thus compared to axial
pressure drop, which is driving force for the coolant
flow, the radial pressure drop is negligible. This fea-
ture of PWR facilitates simplification of coolant mod-
eling, i. e., radial coolant flow can be ignored in the
analysis for analysis of normal coolant flow condition.
Therefore in the existing coolant model, radial coolant
motion is ignored and it is assumed that there is no
cross flow among the assemblies. This assumption
simplifies the coolant problem significantly and the
core thermal hydraulics model becomes a problem of
multi channels, with channel connected at the inlet and
exit plane only. This has been explained in fig. 5.

Solution of mass, momentum, and energy con-
servation equations in each channel will give the de-
sired coolant properties along the channel. Mass, mo-
mentum and energy conservation equations for the
single phase fluid in the sub cooled portion of the
channel are given in the following:
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Complete numerical scheme and step by step al-
gorithm to simultaneously solve fuel heat conduction
and coolant transport equations has been explained in
detail [6]. Multichannel based core TH model has been
coupled to 3-D neutron kinetics model in a conven-
tional approach for best analysis of variety of core dy-
namics scenarios. Computational flow chart of the
coupled model has been explained in fig. 6. Complete
coupled dynamics model (TRIKIN) has been vali-
dated against a series of international benchmarks
[10-13] specifically designed for such coupled core
dynamics models. For these validations, core TH
model based on extensive multichannel simulation
was used, which has been found quite expensive
computationally. A few improvements in the core dy-
namics modeling to enhance computing efficiency are
presented in the next section.

POWER WEIGHTED
COUPLING SCHEME

In case of light water reactors, under normal
coolant conditions radial pressure drop among the
coolant channels is negligible therefore cross-flow of
coolant among various coolant channels can be ig-
nored. This simplifies core TH to one dimensional
model, and therefore for most of the cases reactor core
thermal modeling is based on equivalent fuel pin simu-
lation where only radial conduction of heat in the fuel
pin and axial coolant transport are considered. A very
elementary approach to model core TH is to simulate
reactor core by single average channel which is used
for reactivity feedbacks in all fuel assemblies. Though
this single channel simulation minimizes TH compu-
tational bulk significantly, averaging of all channels
renders following disadvantage.

— Due to average channel based reactivity feedback
applied to high power fuel assemblies, power
overshoots in these fuel assemblies are under at-
tenuated due to lower feedback temperatures con-
sidered.

—  Similarly low power fuel assemblies unnecessary
get higher magnitude of fuel and coolant tempera-

ture correction.
- Though overall effect of these two opposite errors

leads to reasonably accurate total core reactivity
and temperature calculations, 3-D distribution of
power and temperatures are not the most realistic
and accurate, i. e. it results in underestimated 3-D
peaking in the core, which is neither realistic, nor
conservative.

A power reactor core consists of large number of
fuel assemblies or coolant channels with different lev-
els of power and different axial power profile, accurate
3-D core thermal state estimation requires as many TH
solvers as many coolant channel. In strict sense a core
TH model with as many channels as number of fuel as-
semblies will be the most accurate for this purpose but
it will involve high computational bulk. One approach
to avoid simulation of all core channels is clubbing of
coolant channels of identical power and/or power pro-
file and therefore reducing the number of coolant
channels to be analyzed. Though this approach still
does not avoid requirement of multichannel core TH
simulation, which is a significant computational bur-
den. In summary, the two common approaches to
model core TH in coupled 3-D core dynamics model
are:

— Core single average channel TH simulation:
Computationally economical but not very realistic
particularly in 3-D predictions.

—  Core multichannel TH simulation: Very accurate,
more realistic but computationally expensive.

If one can achieve best estimate results with
mere limited/single channel simulations, computing
efficiency can be significantly improved. An effort has
been made in the present work to develop a new cou-
pling scheme which can serve this purpose. This
scheme lies in between single channel and multichan-
nel simulation [14]. Core TH simulation is essentially
based on single channel option but reactivity feed-
backs are not uniformly applied to all fuel assemblies.
Philosophy behind this coupling scheme is very sim-
ple and it can be understood from 2-D, one sixth core
cartogram of a typical VVER 1000 core, shown in fig.
7. Core map is corresponding to steady state cycle at
fresh core.

In an evolving transient, if AT, and AT, are rise
in fuel and coolant temperature, respectively, obtained
from an average single channel simulation, and y is
2-D peaking factor at any fuel assembly at a given ax-
ial location, then reactivity feedback at that fuel as-
sembly will be applied based on y AT;and y AT,. Thus,
reactivity feedback on an average pin will be based on
AT; and AT, and a fuel assembly with higher power
compared to average FA will have higher reactivity
feedback whereas fuel assembly with lower power
compared to average FA will have lower reactivity
feedback. Approach essentially assumes that
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Figure 6. Computational flow chart for coupled core dynamics computing in TRIKIN code
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thermo-physical properties like heat capacity, thermal
conductivity, gap conductance, etc. of all fuel assem-
blies are same. It also assumed identical coolant
boundary conditions for all heated channels. These as-
sumptions may not always be true. To demonstrate the
performance of present coupling scheme, a reactivity
initiated transient, Uncontrolled withdrawal of a con-
trol rod in VVER-1000 core [15] has been analyzed.
Fresh core condition has been considered. Withdrawal
of control rod inserts positive reactivity in the core as
well as disturbs neutron flux shape. As a conservative
measure withdrawal of most effective rod is consid-
ered. Problem has been analyzed using three simula-
tions namely:

— 3-D kinetics with single channel thermal hydrau-
lics model with average feedback in all fuel as-
semblies at every axial layer,

— 3-D kinetics with multi channel TH model. Each
fuel assembly is simulated as one heated channel,
so total 163 channels have been simulated. This
simulation is termed as “best estimate” simula-
tion, and

— 3-D kinetics with single channel TH model with
power weighted feedback at all fuel assemblies.

Results of transients with all three simulations
are shown in figs. 8, 9, and 10. It can be realized that
with single channel and multi channel simulation re-
sults differ significantly. However with power
weighted feedback option, results tend to come closer
to best estimate results, though it take almost half com-
puting time than that of multichannel 3-D feedback
option. This demonstrates strength of power weighted
coupling scheme to generate best estimate results with
reduced thermal hydraulic computing effort for reac-
tivity initiated transients.

LIMITATION

The excellent results obtained from power
weighted coupling presented in the previous section
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are for first cycle fresh core conditions where none of
the fuel assembly was irradiated. This situation fairly
ensures that thermo-physical properties like heat ca-
pacity, thermal conductivity, gap conductance, efc. of
all fuel assemblies in the core are identical. Therefore
assumption of power proportional temperature rise in
the proposed power weight coupling scheme holds
good in this case. However it is well known that with
irradiation, thermo-physical properties of fuel change
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appreciably e. g., thermal conductivity of UO, reduces
with burn-up [16] and gap conductance of a PWR fuel
pin improves with burn-up [17]. Therefore linear and
proportional assumption of power weighted coupling
scheme may not hold good in a reactor core condition
where two fuel assemblies of different burn-up gener-
ates same power, i. e., temperatures of two differently
irradiated fuel assemblies having same power will be
different. This effect has not been considered in the
present model. A detailed generation of data bank
from pre-calculated fuel and coolant temperature sce-
narios for different levels of irradiations may be used
to implement appropriate correction to assembly
power factors () to account burn-up and coolant flow
distribution effects. This study is in progress.

SUMMARY

Analysis of reactivity initiated transients at
higher power requires accurate estimation of evolving
3-D core thermal state. Multichannel core thermal hy-
draulic model, being most accurate option for this pur-
pose is computationally very expensive. A novel ap-
proach of power weighted coupling between core
neutronics and TH presented in this work reduces the
bulk of core thermal calculations to a significant extent
without compromising accuracy of computation. Pro-
posed coupling scheme involves solution of average
coolant channel but employs feedback correction
based on the power of respective fuel assemblies. This
ensures that fuel assemblies of different power levels
get different feedback exactly like multichannel simu-
lation and therefore 3-D core dynamics predictions
improves appreciably. However power weighted cou-
pling scheme assume identical coolant flow and uni-
form thermo-physical properties of different fuel as-
semblies. This assumption holds good for fresh core
for which excellent results for dynamic simulation
have been obtained, though this may not be valid for ir-
radiated core condition, as burnup dependence of core
state has not been considered in the present model. Ex-
tension of present work in regard to these minor im-
provements is in progress.
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K. OBANIYPAXMAH, Apunam J. TAUKBAJL

KA EOUKACHOM MYJITUOU3NYKOM MOIE]NY TNHAMUKE
HYKIEAPHUX PEAKTOPA

HocrynHocT 6p3ux padyHapa gaHac oMoryhasa ny0ibe MOJICIOBaE CIIOKEHNX HHXKEHEPCKUX
cucTeMa KOju YKIbYUyjy jake MynTugusndke narepaxiyje. OBo MyJITH(HU3NUKO MOAEIOBAKE BEoMa je
NIOTPEOHO y CTy[UjaMa CUT'YPHOCTH M HYKJIEpPAHUX peakTopa, y KOjuMa ce YMHE HAallOpH LIUPOM CBETa fia ce
Ha je[lTHOM MeCTy KOMOWHY]y 3Hama W3 CBUX MOBE3aHUX MNCIUIUINHA J1a OW ce OCTBapuiie HajpeaHuje
cUMyJallije YKJby4eHUX (heHOMEeHa. Y TOM MpaBlly, COPETHYTO MOJEJOBame KMHETHKE HEyTpOHa Y
HYKJIEAPHOM PEaKTOpy, IPEHOCca TOIIIOTE TOPUBA M TPAHCIIOPTA XJIAANOIIA, IPEICTABIba IaHAC yOOHUIajeHy
MpaKkcy y aHaJW3¥W NpeJa3HuX CTamba peakTOpcKor je3rpa. MebyTum, ontumusanmja nuameby TauyHoctn
MoJIeJIoBatba M €KOHOMHje NpopadyyHa yBeK je Omiia M3a30BaH 3ajlaTak, ca IWbEM fla ce obe3benu
ajleKkBaTaH CTENeH MOY3/1aHOCTH Y TaKO OOMMHUM HyMepHYKuUM mocTynuuma. CIOXKEeHO MOJeOBambe
PEaKTOPCKOT je3rpa MoApa3syMeBa MPOIEHy pa3BUjamba TEPMUUKOT CTamka TPOAUMEH3MOHAIHOT je3rpa,
IITO 32 y3BpaT TPaskd CKYI ACTa/bHU TEPMOXUAPAYIMIKHA MOJEJ BUIIEKaHATHOT jesrpa. HoBu mpuctyn
cripe3arba MOHAEepUcaHe CHare m3Mebhy (pu3nke HeyTpoHa M TEPMOXHUAPAYINKE je3Tpa, IPEACTaBHEH Y OBOM
pany, IMa 3a Wb 1a Y 3HaYajHOj MEpU CMambi OOMM TEPMHUUYKHUX IPOpavdyHa [IPH MOJEIOBakY TUHAMUKE
jesrpa 6e3 yrposkaBama TAUYHOCTH HM3padyHaBama. MOJEN CIPErHyTOr je3rpa MOTBpbeH je Ha HU3y
MebyHapOomHUX cTaHAapAHUX y3opa. TauyHOCT U e(PpUKACHOCT padyHama NMPENIIOKEHOT MYITH(U3MIKOT
Mojiesia IpUKa3aHe Cy aHaJIN30M MPeNIa3HuX CTaka MHUNMPAHUX PEeaKTHUBHOIIhY.

Kmwyune peuu: myatiughusuuxo mooeaosarse, TRIKIN, ilpociliopHO-8pemeHcKa KUHEUKA,
epMOXUOPAYAUKA [e32Pa, CUPeZHY A OUHAMUKA je3ZPa, Clipe3arse HOHOepUCaHe CHAZe




