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For fuel loading maintenance at Ukrainian nuclear power units, as well as to ensure the reactor unit economical
and safe operation, it is necessary to have accurate and timely information on the energy release fields, temperature
distributions and other thermal and nuclear parameters inside core. This task is performed by the in-core control
systems, which usually include sensors, communication lines, electronic measuring equipment, as well as
computers, algorithms and programs for processing the received information [1]. To date, in Ukraine In-Core
Monitoring System’s (ICMS) with three different neutron-physics calculation subsystem (NPCS) are exploited.
They are ICMS’s based on “Khortytsya”, “Voyage” and “Beacon”. Each system has both advantages and
disadvantages that occur during the exploitation. Therefore, the study of methods for solving the reactor equation,
methods for preparing constant software for neutron-physical calculation module is an urgent task to improve the
algorithms for determining the energy release fields in the reactor core. In PISC «SRPA “Impulse” a working group
was created to implement such studies. The paper describes the ImCore code for power distribution calculation. The
constant software for ImCore preparation methods analysis and some results of comparison between the fields and

the operational data are given.

INTRODUCTION

The obtaining power distribution in the reactor core
in different operation modes and the fuel loading
calculation task is carried out in two stages. At the first
stage, the calculation with the help of the fine-grid code
for the core solid element (for example, Fuel Assembly
(FA)) is performed in different states to obtain few-
group homogeneous macroscopic  cross-sections
(characteristics) [2, 3]. At the next stage, the entire core
calculation in the few-group approximation is carried
out using the cross sections prepared in the previous
step. Such stages calculations of the reactor core within
an acceptable time maintaining the required accuracy
level.

Usually the diffusion equation is solved in the two-
group energy approximation. The most widespread here
is the nodal method, on which basis such computer
codes as NESTLE, DYN3D and others [4, 5]. The BIPR
computer code solves the diffusion equation in the
asymptotic approximation using the finite-difference
method [3].

To obtain a high accuracy degree in the diffusion
equation solution while using the finite difference
method, it is necessary to use a computational grid with
a small spacing in the nodes arrangement, which
requires more variables and, as a result, more memory
space and calculating time. That is why nodal methods
are more developed.

But the computational tools development makes it
possible to consider the use of the finite-difference
method for solving the reactor kinetics equation. At the
same time, the method itself makes it possible to obtain
a sufficiently high accuracy in calculations, and the
existing accelerating calculations methods — to obtain
the necessary computation speed [6]. In this paper, a

ISSN 1562-6016. PAST. 2018. Ne2(114), p. 44-49.

grid method for solving the reactor kinetics equation in
two-group diffusion approximation is presented.

1. IMCORE COMPUTER CODE
DESCRIPTION

In the general case, the diffusion equation can be
presented as:

—div()+Zd =q, I=-Dgrad(®). (1)

Let this equation be defined in a two-dimensional
area S with boundary T. Here @ =®(r)is a function

characterizing the neutron flux density at the point r;
D=D(r), =%(r) — the diffusion coefficient and the

removal cross-section (absorption and transition to
another energy group); q=gq(r) — the neutrons source.

As a rule, g includes neutrons that have appeared in the
current group as a result of fission and deceleration
from the overlying energy groups. When the diffusion
equation is solved, the involved in the g formation,
function @ is assumed to be known. The source
structure is analogous to the term X® of the equation
(1), and so, the source term finite-difference
approximation does not introduce any singularities in
comparison with the term X®. It is assume that S area
is to consist of homogeneous zones S, with boundaries

r,a finite number.

If the grid nodes are located in the assemblies’
centers and the unit cells AS;are correlated with the

assemblies, the function X and D discontinuity line
coincides with the boundaryASij. Fig. 1 shows the

calculation scheme with the numbering adopted in
ImCore.
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Fig. 1. A hexagonal cell with nodes in the assemblies’ centers,

Let’s consider the assembly number 9. Since the
neighboring assemblies sizes are the same, the vector |
normal component at the assemblies 8 and 9 boundary
can be presented in such a form:

o P
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Integrating the equation (2) over the area of the
assembly, we obtain:
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In the event of the calculation scheme crushing and
transition to the six-point scheme, each calculation area
is divided into 6 equal sections and numbered as shown
in Fig. 2.
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Fig. 2. The calculation areas in a six-point scheme numbering

Also, due to the change in the calculation area form,
in particular, due to the transition from the hexagon to
the triangle, the coefficients are changed as follows:
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Such a numbering order is used due to the
application algorithm simplicity that saves the machine
resource.

During the transition from a two-dimensional to a
three-dimensional task, the forming calculation matrix
logic is preserved, for three-dimensionality an
interaction with the “neighbors” along the Z axis is
added to each computational area.

A scheme is used where the source is normalized at
each iteration. The normalization introduction is
advantageous for reducing the number of internal



iterations, since at each successive iteration, the source
amplitude is preserved and it is convenient to take the
solution obtained at the previous external iteration as a
first approximation. Termination condition:
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1 area for FA 6 areas for FA

24 areas for FA

K(t)eff - K(t-l)eff <k,
where ¢ is the given calculation accuracy € = 107,
To date, a partition is implemented with different
grid spacing, as shown in Fig. 3.
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Fig. 3. Variants of the calculation cell partitioning

Preliminary analysis showed (Fig. 4) that even in the
case of six division points it is possible to obtain
acceptable calculation accuracy with little span time.
There is possibility to obtain the calculation results with
and without parallel process calculations [7]. Moreover,
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high accuracy level is achieved already when FA id
divided into 54 cells. In addition, the division into 54
cells makes it possible to recover well the fuel elements
power distribution.
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Fig. 4. Variants of cell division. Dependence of calculation speed and accuracy

The program implements schemes both with the
reflector (Fig. 5), and without it, with the appropriate
boundary conditions specification.
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Fig. 5. Calculation scheme with reflector

2. IMCORE CODE CONSTANTS
PREPARING METHODOLOGY
DESCRIPTION

The obtained homogenized few-group constants
greatly affect the further calculations accuracy [8]. The
procedure for accounting the feedback and obtaining
new updated cross-sections can take up 25% (or more)
estimated time at one iteration step. Therefore, great
attention is paid to the constant preparation procedure.

To date, the most progressive approach is the one in
which a huge multidimensional cross-sections matrix is
created depending on various state parameters [9]. The
resulting cross-section for specific parameters in the cell
is determined from such a matrix by interpolation (cubic
splines) between the values.

But such an approach will require a sufficient
number of preliminary calculations and, when the cross-
section is restored, it will take up a large amount of the
estimated time, so its application requires further
research.

At this stage, an approach, in which the reactor
unit’s operation state at power is selected as a reference



point and then the values of each parameter are
changed, was chosen for obtaining the homogenized
macroscopic constants [10]. It is important to note here

that the density and temperature effect on the coolant
temperature are considered separately. The basic and
changing states parameters are given in the Table.

Basic and changing states parameters

Parameter Basic state Range of the parameter change
Coolant/ moderator temperature, K 575 300, 393, 473, 524, 553, 600
Fuel temperature, K 575 300, 600, 900, 1200, 1500
Coolant/ retarder density, g/cm® 0.7241 0.35,0.55, 0.75, 0.95
Boric acid concentration, g/kg 0.0 2.0,4.0,6.0,8.0,10.0, 12.0, 14.0, 16.0
The resulting cross-section is defined as:
1 1
S=S5,l+a| —- X
Tmod Tmod,O

X{1+ ﬂl(j/mod _7/mod,0)+ﬁ2 (7m°d ~ Vmod.0 )2}X
X {l+ 2 (Cb7mod —C, 07 modo ) +

+7, (bemod —Cb,07mod,o)Z}X{l"'a(\/f_ﬁm"d)} .

The preliminary analysis showed that for the state at
the Hot zero power one more reference state with the
parameters  Teoo = Trer =473 K, coolant density -
0.8754 glem®, boric acid concentration — 0.0 g/kg
should be singled out.

4.0

This need is mainly due to the correct consideration
of feedbacks on the boric acid concentration, as it is
shown in the Fig. 6.
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Fig. 6. The multiplication factor deviation for two reference states

Therefore, for the second reference state, the boric
acid concentration series will be sufficient. The
coefficients for derivatives with respect to other
parameters remain unchanged.

3. CALCULATIONS AND RESULTS

Test calculations are performed for various fuel
loads. Comparisons are made using the regular physical
calculations subsystem “Cruise” calculation results with
the values correction according to the in-reactor direct-
charge detectors. Constant software for the results given

in this paper was prepared using WIMSD-5B computer
code [11].

Understanding WIMSD-5B limitations the transition
was began to solve this problem with Serpent Monte
Carlo computer code [12, 13].

To carry out the calculation using the ImCore code,
a six-point calculation scheme was made with a
partition into 16 layers in height (similar to the regular
NPCS). The comparison results between the ImCore
code calculations and operational data for k; and k,
fields are shown in the Figs. 7 and 8.
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Fig. 8. The comparison results between the ImCore code calculations and operational data for k, field

4. CONCLUSIONS AND OUTLOOK

The information on the ImCore software for the
reactor core calculation in the few-group diffusion
approximation is presented. One of the few-group
constants preparation methods for the code is given.

The finite-difference method for the few-group
diffusion equation solution with presented macro-cross
section preparation procedure give required precession
with needed calculation speed and can be used for
ICMS for calculate and retrieval core power
distribution.
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BEPUOUKALIUA METOJOJOI'MU TPUT'OTOBJIEHUSA KOHCTAHT JJIA KOJA IMCORE
B.B. I'anvuenxo, U.U. llInanax, B.U. I'ynux, /1. B. Byouk

Jl1s conpoBOXKICHHS TOIUTMBHBIX 3arpy30K HAa YKPAMHCKHUX aTOMHBIX dHEPro0JIoKax, a Takxke s oOecredeHns
SKOHOMHYHOHN M 0E30MacHOM IKCIUTyaTaI[ii PEAKTOPHOI YCTAHOBKM HEOOXOAMMO HAJTHYKE TOYHON U ONEPaTUBHON
HHGOPMALIMU O pacIlpeesIeHHH TMOJIeii SHEProBBIICICHUS, TEMIIEPATYPhl U APYTHX TEMJIOTEXHUYECKUX W SJepHO-
(hM3MYECKUX MapaMeTPOB BHYTPH aKTUBHOM 30HBI. DTy 3a/1ady BBIITOJIHIIOT CUCTEMBI BHYTPHPEAKTOPHOT'O KOHTPOJIS
(CBPK), B cocraB KOTOpbIX B OOLIEM CiydYae BXOMAT IAaTYMKH, JIMHUM CBS3M, DJICKTPOHHAs W3MEPUTEIbHAS
ammaparypa, a Takke 9BM, anroputMel U IporpaMMel st 00paboTKK monydeHHOH uHpopmanuu. Ha 6aze HAO
«CHITIO «/mmynec» co3mana pabouas Tpymma it peamusamuu npoekta CBPK-M2, B xotopom B KadecTBe
MOACUCTEMBI (PU3HIECKOT0 pacueTa UCIIOIb3YIOTCS yKpanHCKKE Pa3pabOTKH MPOrpaMMHBIX IIPOAYKTOB IS pacdyera
¥ BOCCTAHOBJICHUS TIOJIS SHEPrOBBIICICHHWS B aKTHBHOW 30HE peakropa. B paboTe mpencTaBieHO ONMCAaHUE
pacyeTHOro MOIyJIsl Ul pacdeTa W BOCCTAHOBJICHHS IOJIsI SHEPTOBBIIEIEHHsT porpaMMHOro kKoMiuiekca ImcCore.
[TpuBeneH aHamM3 METOMK MOJrOTOBKM KOHCTAHTHOTO obecnieuenus st ImCore, a Takyke HEKOTOpbIE Pe3yJIbTaThl
CpaBHEHHS IOJIEH ¢ 3KCIUTyaTallMOHHBIMU JAHHBIMU.

BEPU®DIKAIIISA METOI[OJIOFIi NMPUT'OTYBAHHSA KOHCTAHT JJIA KOAY IMCORE
B.B. I'anvuenxo, 11. lllnanax, B.1. I'ynixk, /I.B. Byoik

[ cynpoBOJDKEHHS NalMBHUX 3aBAaHTAKEHb HA YKPAaiHCBKMX AaTOMHHX €HEproOjokax, a TakoX JuId
3a0e3meueHHs] eKOHOMIYHOI Ta 0e3MeYHO] eKCIUTyaTallii peakTOPHOI yCTaHOBKHM HEOOXiJHa HasBHICTP TOYHOI Ta
orepaTuBHOI iH(popMarii Mpo PO3MOILT MOJIiB €HEPTOBUIICHHS, TEMIIEPAaTYPH Ta 1HIIUX TEIIOTEXHIYHUX 1 AepHO-
(hi3mgHUX TapameTpiB BCepeAMHi aKTUBHOI 30HU. lle 3aBHaHHS BUKOHYIOTh CHCTEMH BHYTPIITHHOTO PEAKTOPHOTO
kouTpomio (CBPK), no ckmamy fkux y 3araJbHOMY BHIAIKy BXOAATH AATYMKH, JiHII 3B'SI3KYy, €JIEKTpOHHA
BHUMIpIOBaJIbHA amapatypa, a Takok EOM, anropurmu i mporpamu s oopoOku orpuMaHoi iHdopmarii. Ha 6asi
IIpAT «CHBO «Immynsc» cTBOpeHa poboua rpyma ans peamizamii mpoekty CBPK-M2, B sxomy B sIKOCTi
mifcucteMn (QI3MYHOTO PO3PAaXyHKY BHKOPHCTOBYIOTHCSl YKpPAiHCBKI pPO3POOKH IPOTrpaMHHUX HPOJYKTIB JUIs
PO3paxyHKy 1 BiJIHOBJIEHHsS MNOJS SHEPrOBHIUICHHS B aKTHUBHIH 30HI peakTopa. Y po0OOTi NPEACTaBIEHO OIHC
PO3PaxyHKOBOT'O MOAYJIS U PO3PaxyHKY 1 BITHOBJICHHS HOJIsl €HEPTrOBUAIIEHHS nporpaMHoro komiuiekcy ImCore.
HaBeneno aHaii3 MeTOAMK MiJrOTOBKM KOHCTaHTHOTO 3a0e3nedeHHs aiust ImCore, a TakoxX JesKi pe3ysbTaTH
MOPIBHSIHHSA MOJIIB 3 eKCILTyaTalliiHUMI JAaHUMHU.
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