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(57) ABSTRACT

A computer implemented method for modelizing a nuclear
reactor core, including the steps of: partitioning the core in
cubes to constitute nodes of a grid for computer implemented
calculation, calculating neutron flux by using an iterative
solving procedure of at least one eigensystem, the compo-
nents of an iterant of the eigensystem corresponding either to
a neutron flux, to a neutron outcurrent or to a neutron incur-
rent, for a respective cube to be calculated.

(22) Filed: Aug. 16,2010 The neutrons are sorted in a plurality of neutron energy
groups, and the eigensystem iterative solving procedure
(30) Foreign Application Priority Data includes a substep of conditioning the eigensystem into a
restricted eigensystem corresponding to the eigensystem for a
Aug. 18,2009  (EP) .oovvevvieereieeen s 09305766.9 selection of some neutron energy groups.
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COMPUTER IMPLEMENTED METHOD FOR
MODELIZING A NUCLEAR REACTOR CORE
AND A CORRESPONDING COMPUTER
PROGRAM PRODUCT

[0001] This application claims priority to European appli-
cation EP09305766.9, filed on Aug. 18, 2009, the entire dis-
closure of which is incorporated by reference herein.

[0002] The invention relates to a method for modelizing the
core of a nuclear reactor, especially for calculating neutron
flux within the core.

BACKGROUND

[0003] Theresults of such a modelizing method can be used
to prepare safety analysis reports before building and starting
a reactor.

[0004] These results can also be useful for existing nuclear
reactors and especially for managing the nuclear fuel loaded
therein. In particular, these results can be used to assess how
the core design should evolve in time and decide of the posi-
tions of the fuel assemblies in the core, especially the posi-
tions of the fresh assemblies to be introduced in the core.
[0005] Such modelizing methods are implemented by com-
puters. To this end, the core is partitioned in cubes, each cube
constituting a node of a grid for implementing a digital com-
putation.

[0006] Usually the steady-state diffusion equation to be
solved during such a digital computation amounts to:

(1)
= AXgZ VIR T + Z Tn gy + g 7 — O gt + )

removal g'=1 producnon &'#g inscatter = B incurrent

Z 267 @

=, =37, +Zz

with: s =
Opu = 1 = B = B
[0007] where A is a first neutron eigenvalue, m is a cube

index, also called nodal index, G is the number of neutron
energy groups and g, g' are neutron energy group indexes, u is
a Cartesian axis index of the cube, X, represents macro-
scopic absorption cross-section for the cube m and the energy
group g, X, represents macroscopic fission cross-section
for the cube m and the energy group g', X, represents
macroscopic slowing down cross-section for the cube m and
the energy groups g, @™ represent neutron fluxes, such that
the 2z ™, ... @™ represent the reaction rates for the corre-
sponding reactions (absorption, fission), v is the number of
neutrons produced per fission, y, is the fraction of neutrons
emerging from fission with neutron energy g, a,,” is the width
of cube m along Cartesian axis u, and

[0008] with the relationship between the neutron outcur-
rents j.,,; " andj.,, ™, neutron fluxes ®," and neutron incur-
rents j,,,"" and j.,, ™ defined by:
{ Jaut = gy + Bl + Bgudgir 3
Jair = Teu®s + Cgulgut + Bgugur
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[0009] The coefficients c,,,", with i=1, 2, 3, are character-
istic of the cube m and depend on nodal dimensions and
macroscopic cross-sections X™.

[0010] FIG. 1 is a schematic representation in two dimen-
sions of a cube m showing the neutron incurrents j,,,,”” and
~™ for u=x, y and z; the neutron outcurrents j,,, " and
g foru=x, y and z; and the neutron fluxes ™. Indexes 1,
respectively r, refers to each left interface surface, respec-
tively each right interface surface, of the cube m for the
respective Cartesian axis X, y. Indexes +, respectively —, rep-
resents the orientation from left to right, respectively from
right to left, for the respective Cartesian axis X, y.

[0011] The steady-state diffusion equation (1) is also
named NEM equation, for Nodal Expansion Method equa-
tion.

[0012] Both US Patent Publication 2006/01847286 and EP
2091049 teach a method for modelizing a nuclear reactor core
via a computer.

[0013] In the state of the art methods, most of the compu-
tational efforts are concentrated in the part dedicated to the
iterative solving of a large eigensystem corresponding to the
steady-state diffusion equation (1).

[0014] In order to lower these computational efforts and
therefore accelerate the solving of the eigensystem, Coarse
Mesh Rebalancing (CMR) procedures have been used. In
these procedures, neutron fluxes and currents for a given
iteration are multiplied with a corrective factor before pursu-
ing subsequent computationally expensive iterations. The
multiplicative correction serves to suppress the presence of a
non fundamental wavelength part of eigenspectrum with the
first neutron eigenvalue A close to an exact value A,
[0015] However, the acceleration effect realized in this way
depends on the numerical proximity of the highest coarse
mesh level in a multi-level hierarchy to the full-core diffusion
level. Such CMR procedures may therefore lead to very slow
convergence or even convergence stagnation, thus increasing
the computational effort.

J gur

exact®

SUMMARY OF THE INVENTION

[0016] An object of the present invention is to solve the
above-mentioned problems by providing a nuclear reactor
modelizing method which offers a better convergence accu-
racy, a better computational robustness and a better compu-
tational efficiency so that relevant neutron flux calculations
can be obtained within a short computational time period and
with a very good convergence accuracy.

[0017] The present invention provides a computer imple-
mented method for modelizing a nuclear reactor core, com-
prising the steps of: partitioning the core in cubes (10) to
constitute nodes of a grid (12) for computer implemented
calculation, calculating neutron flux by using an iterative
solving procedure of at least one eigensystem, the compo-
nents of an iterant of the eigensystem corresponding either to
a neutron flux, to a neutron outcurrent or to a neutron incur-
rent, for a respective cube (10) to be calculated, wherein the
neutrons are sorted in a plurality of neutron energy groups,
and wherein the eigensystem iterative solving procedure
comprises a substep of conditioning the eigensystem into a
restricted eigensystem corresponding to the eigensystem for a
selection of some neutron energy groups.
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[0018] The present invention also provides a computer pro-
gram product residing on a computer readable medium and
comprising computer program means for running on a com-
puter implemented method.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The invention will be better understood upon read-
ing of the following description, which is given solely by way
of example and with reference to the appended drawings, in
which:

[0020] FIG. 1 is a classic representation of the relationship
between macroscopic cross-sections, neutron incurrents,
neutron fluxes and neutron outcurrents, in a modelized
nuclear core reactor,

[0021] FIG. 2 is a schematic view illustrating the partition-
ing of a nuclear core, and the association of driving factors
with interface surfaces of a cube according to an aspect of the
present invention,

[0022] FIG. 3 is a schematic representation of the decom-
position of isotropic and anisotropic parts of neutron outcur-
rents leaving the cube of FIG. 2,

[0023] FIG. 4 is a schematic representation of a multi-level
V-cycle from the iterative solving procedure according to
another aspect of the present invention,

[0024] FIG. 5 is a detailed view of box V of FIG. 4,
[0025] FIG. 6 is a schematic view illustrating the partition-
ing of a nuclear core according to another aspect of the inven-
tion, and

[0026] FIG.7isasetof convergence curves of eigensystem
iterative solving procedures for the state of the art method and
different aspects of the method according to the present
invention.

DETAILED DESCRIPTION

[0027] In the following description, the case of a pressur-
ized water reactor (PWR) will be considered, but it should be
kept in mind that the present invention applies to other types
of nuclear reactors.

[0028] In a first step of the computer implemented model-
izing method according to the invention, the core of the reac-
tor is partitioned in cubes 10 (shown on FIG. 2) as in the state
of art methods. Each cube 10 corresponds to a node of a grid
ornetwork 12 on which numerical computation will be imple-
mented through the computer.

[0029] In order to case the representation, the grid 12 is
shown on FIG. 2 as being two-dimensional, but it should be
kept in mind that the grid is actually three-dimensional in
order to represent the whole core.

[0030] Theneighbours ofthe cube 10 with the cube index m
(in the center of FIG. 2) are the cubes 10 with the respective
cube index m', (m), m',(m), m';(m) and m',(m). In the follow-
ing of the description, the cubes 10 will be directly designated
by their respective cube index.

[0031] Inasecond step of the computer implemented mod-
elizing method according to the invention, the neutron fluxes
@™ within the core will be calculated by the solving of an
eigensystem corresponding to the steady-state diffusion
equation (1). To this end, an iterative solving procedure is
used.

[0032] A removal operator R, an inscatter operator g, a
production operator F, and an incurrent operator G are
defined, from Equation (1), by:
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" G @)
[1’\-\’¢:|g = [Zamg + Z Z?’x]¢?
&'#g
T
(5], = 2. X5
g ¥g
G
[ﬁgb]: = ng VZ';-;/ ¢'g"/
g=1
(G = Y i+

g

H=X,Y,2

[0033] An isotropic outcurrent generation operator Manda
mono-directional current throughflow operator Q2 are defined
by:

o

(18], =it} ©)
A —m - —

(], = Beufiai + Sudain

AT _m amom m
[Qj]gu, = Ceudgut ¥ C2gultgur

[0034] A coupling operator Y couples the outcurrents to the
incurrents for neighbouring cubes 10, and is defined by:

= [ = ©
okt =[], = g

= (991" = gt
B =1 = g

[0035] This coupling operator ¥ uses the fact that, for
example, for a cube m, the u-directional left-oriented outcur-
rent equals the u-directional left-oriented incurrent for the left
neighbour in direction of the Cartesian axis u, and that similar
equalities are verified for the other directions and orienta-
tions. For example, the neutron outcurrents coming from
respective neighbours m', (m), m',(m), m'ym), m',(m) into the
cube m are the neutron incurrents for the cube m, as the
neighbours m',(m), m',(m), m'ym), m',(m) shown in FIG. 2
arerespectively the neighbours (m+1) for the Cartesian axis y,
(m-1) for the Cartesian axis X, (m+1) for the Cartesian axis x
and (m-1) for the Cartesian axis y of Equation (6).

[0036] Using the above operators, the equations (1) and (2)
can be written as:

Rp = (AF +8)p + G jim )

fost = g + Qy i

j(in) _ }'}j(om)’
[0037] oras:
R-§-aF 0 &Y ¢ 0 ®)
-1 ol -[0]
o -p 1 fIR0
[0038] which is the eigensystem to be solved.
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[0039] In Equation (8), @ is a neutron flux column vector,
wherein each element is a neutron flux @™ for a respective
cube m and for a respective energy group g (FIG. 1). Thus, the
dimensions of the neutron flux column vector ® are equal to
(GxM, 1), where G is the number of energy groups and M is
the number of cubes 10. j°“ is a neutron outcurrent column
vector, wherein each element is a respective neutron outcur-
rentjg; ", ] gw“" for the respective cube m, energy group g
and Cartesian axis u, with u equal to x, y or z. j* is a neutron
incurrent column vector, wherein each element is a respective
neutron incurrent j.,,;*", j,, s for the respective cube m,
energy group g and Cartesian axis u. Thus, the dimensions of
the neutron outcurrent vector column j°*? and the neutron
incurrent vector column j are equal to (6xGxM, 1). In the
following of the description, the neutron outcurrent vector
column j©*? is also noted j,,,,.

[0040] Thus, the components of an iterant (@, j°*?, j“") of
the eigensystem defined by Equation (8) correspond to the
neutron fluxes @™, the neutron outcurrents Jgut "sdgur " sand
the neutron 1ncurrents Jgur 2igur s to be calculated for each
cube m and for each energy group g, and which are the
respective elements of the neutron flux column vector ® the
neutron outcurrent column vector j©°*? and the neutron incur-
rent column vector .

[0041] Theiterative solving procedure comprises a sub step
of conditioning the eigensystem into a spare eigensystem
wherein the components of an iterant (j°*?, i) of the spare
elgensystem only correspond either to the neutron incurrents
Jaud ™ Jgur comlng mto the respectlve cube m or to the
neutron outcurrents j gl > ™ gw ™ coming from the respective
cube m, which are the respective elements of the neutron
outcurrent column vector j°? and the neutron incurrent col-
umn vector j.

[0042] The conditioning of the eigensystem into a spare
eigensystem starts from modifying the first part of Equation
(8) written as:

Lodod

(B-5-1F)g-Gj =0, ©
[0043] Defining the symbolic operator f’k:(f{—é—kla)"l,
the neutron flux column vector @ is expressed in function of
the neutron incurrent column vector j” as:

=P, Gj (10)
[0044] By substituting this expression in the outcurrent

equation part of Equation (7), i.e. in the second part of Equa-
tion (8), a currents-only relationship is obtained:

JOO= 1P, G+QJ (an
[0045] After defining the following operator notations:

6,=I1p, 12)

and

3,=6,6+8, 13)
[0046] the currents-only relationship is written as:

j(out):]%}\j(in) (14)
[0047] which is a spare eigensystem.

[0048] Using the relationship j*’=Yj* between the neu-
tron outcurrent column vector %9 the neutron incurrent col-
umn vector J(l") where Y is the coupling operator, a spare
eigensystem is obtained wherein the components of an iterant
(§*°“9) of the spare eigensystem only correspond to the neu-
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+m

tron outcurrents j,,; ", jg., . coming from the respective
cube m, which are the elements of the neutron outcurrent
column vector j©°*?. This spare eigensystem corresponds to:

(i-5,37/>=0 (15)
[0049] Since the operator E;ﬁ? will initially not be exactly
equal to 1, and will become equal to 1 only as j©°*? converges
to the exact solution j°*?,___ and if simultaneously the first

neutron eigenvalue L converges to an exact value A, SO
that Equation (15) becomes:
[1-ub, P1je0=0, (16)

[0050] with a second neutron eigenvalue p converging
towards 1, if the first neutron eigenvalue A converges to the
exact value A,
[0051] For numerical optimization, Equation (16) may be
modified through a premultiplication with the operator 1T~
and the following equation is obtained:

exact®

ﬁ—lj(out):ﬂ[p}\(";_'_ﬁ—léjfy(out) (17)

[0052] Theterm f’}LGYj (o1 i an isotropic term, which does
not depend on the Cartesian direction u.

[0053] The expressions of the respective terms from Equa-
tion (17) for the cube index m, Cartesian axes u, u' and the
respective orientations s, s' along the Cartesian axes u, u' are
given by:

_ oL Hou 18) (19) (20)
AmGus = 1= joo (
g;c[ [
05 =3 3 [
geGgled’

Chow= Y107
geG

mgis

[0054] G, G' are sets of energy groups. A and C are mono-
energetic operators with their respective factors A, and
C o Q67" are the factors of a spectral operator Q, . It
should be noted that each combination {u, s}, respectively
{u', '}, defines an interface surface of the cube m with u, u'
equalto X,y orz, and s, ' equal to 1 orr. For example, {x, 1}
defines the left interface surface of the cube m along the
Cartesian axis X.

[0055] The individual terms are given by:
(" foun — L Hout) 21
L .
A“()g“ Vg (out) @2
Hout, out,
(PG o], P67,
g'=1
& . 1 w
_ amenimi sy
= Peg! ﬁ@w I
= f
&L A (our) _ 1 menmus’ ) 23)
(0707 /] = [y + (L =017
[0056] Equation (17)is then solved, e.g. by using a conven-

tional iterative solving procedure as a Gauss-Seidel proce-
dure.



US 2011/0046930 Al

[0057] Thus, a solution is calculated for the elements j©*?

mgus OF the neutron outcurrent column vector j©0_ This
enables to determine the solution of the neutron incurrent
column vector j* according to Equation (14), and finally to
determine the solution of the neutron flux column vector ®
according to Equation (10).

[0058] The calculated neutron flux column vector @
obtained through the modelizing method can be used to con-
trol an existing nuclear reactor core, e.g. for managing the
nuclear fuel, or be used for building a new reactor core.
[0059] The modelizing method may be implemented on
parallel processors or on a single processor.

[0060] This above-disclosed modelizing method has
proved to lead to better convergence accuracy, a better com-
putational robustness and a better computational efficiency.
This is connected to the solving of a sparse eigensystem
wherein the only components of the iterant correspond to
neutron outcurrents j°“?, and do not depend on neutron
fluxes.

[0061] Further, the convergence accuracy of the modeliz-
ing method according to the invention may be improved up to
1E-12, whereas the convergence accuracy obtained with a
classic modelizing method is limited to 1E-6.

[0062] Inother embodiments, the components of the iterant
of the spare eigensystem to be solved correspond only to
neutron incurrents .

[0063] In order to further improve robustness and compu-
tational efficiency, according to a second aspect of the inven-
tion, the eigensystem is first conditioned in a restricted eigen-
system corresponding to the eigensystem for a selection of
some neutron energy groups. This selection is also called
spectral restriction to some energy groups. The restricted
eigensystem may then be solved according to the first aspect
of the invention. Finally, the solution of the restricted eigen-
system is used to solve the eigensystem.

[0064] The number NGC of the selected energy groups is
smaller than the total number ng of energy groups. NGC may
be the number of coarsened spectral bands which are collec-
tions of fine energy groups merged into a smaller number of
coarse energy groups.

[0065] ng is, for example, equal to 8, and NGC may for
example be equal to 4, 3, 2 or 1.

[0066] According to this second aspect, the Equation (17)
for the driving factors d,,, . °“?, with its respective terms
given by Equations (18) to (20), is expressed as:

(ou) (oun)
AGmus?Gmus = @4
7 outflow”
NGC 3
G u's’ lout) 4 (out)
ML DL D O e + ) Crowdins
G'=14=15=1r s'=Lr
7 istropic production” 7 throughflow”
[0067] where G, G' are coarse neutron energy group
indexes, and
[0068] in which an isotropic term

NGC 3

G'u's’ jlout)
DIDIPIE Ay

G'=1u'=15'=Lr
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is independent of the outgoing current direction specified by
the Cartesian axis u and orientation s, and a throughflow term

4 (out)
CrSnGuxdGmu!

s'=Lr

also called anisotropic term, is defined within the same coarse
neutron energy group G along the same Cartesian axis u.
[0069] The decomposition of the outcurrents leaving the
cube m into isotropic and anisotropic terms is illustrated on
FIG. 3.

[0070] The isotropic term is the same in all directions and
the anisotropic term varies between interface surfaces of the
cube m.

[0071] Solving at first the eigensystem for a spectral restric-
tion to some energy groups, moreover with a decomposition
of the outcurrents in which the isotropic term is computed
easily, leads to a better computational robustness and a better
computational efficiency. This is connected to the reduction
of eigensystem dimensions that results from the spectral
restriction according to this second aspect of the invention.
[0072] In order to further improve robustness and compu-
tational efficiency, according to a third aspect of the inven-
tion, the iterative solving procedure for a plurality of energy
groups may be in form of a multi-level V-cycle 20, as shown
on FIG. 4, comprising a top level 21, a first intermediate level
22, four second intermediate levels 24, 26, 28, 30, and three
bottom levels 32, 34, 36.

[0073] The top level 21 of the V-cycle comprises the itera-
tion for the eigensystem corresponding to the steady-state
diffusion equation (1), or NEM equation, for the plurality of
neutron energy groups, and the conditioning of the eigensys-
tem into a restricted eigensystem for a spectral restriction to
some energy groups according to the second aspect of the
invention. The restricted eigensystem resulting from the top
level 21 is then fed into a first intermediate level 22 just under
the top level 21.

[0074] The first intermediate level 22 comprises the condi-
tioning of the restricted eigensystem into a spare eigensystem
according to the first aspect of the invention wherein the
components of an iterant (j°*?, j") of the spare eigensystem
only correspond either to neutron incurrents j.,;*", iz "
coming into the cubes m or to neutron outcurrents j,, ",
Jgw " also noted j(oi")mgus, coming from the cubes m. The
factors of operators A,Q, and C given by Equations (18) to
(20) are computed explicitly for this first intermediate level
22.

[0075] Each second intermediate levels 24, 26, 28, 30 com-
prises the conditioning of a former spare eigensystem for a
former selection of neutron energy groups into a latter spare
eigensystem for a latter selection of neutron energy groups,
the number of neutron energy groups in said latter selection
being smaller to the number of neutron energy groups in said
former selection. The former spare eigensystem of the second
intermediate level 24 subsequent to the first intermediate level
22 in the downward orientation of the multi-level V-cycle 20
is the spare eigensystem resulting from the first intermediate
level 22. The former spare eigensystem of each second inter-
mediate level 26, 28, 30 which is not subsequent to the first
intermediate level 22 corresponds to the latter spare eigen-
system resulting from the precedent second intermediate
level 24, 26, 28. In other words, the number of neutron energy
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groups decreases from a second intermediate level to the next
second intermediate level in the downward orientation. At the
last second intermediate level 30, the number of neutron
energy groups may be equal to 1. It should be noted that this
restriction of the number of neutron energy groups for the
second intermediate levels 24, 26,28, 30 may be done accord-
ing to a spectral condensation algebra, which will be
described later, and not according to the second aspect of the
invention.

[0076] Bottom levels 32,34, 36 comprise, in the downward
orientation of the V-cycle, the solving, according to state of
the art procedures, of the last spare eigensystem for a single
energy group determined at the last second intermediate level
30. Bottom levels 34, 36 correspond to a spatial restriction of
the eigensystem resulting from the precedent bottom level 32,
34 in respective coarsened grids with cubes being larger than
the cubes of the precedent bottom level 32, 34.

[0077] At the bottom level 36 of the V-cycle, a solution of
the eigensystem for the single energy group is computed.
[0078] This solution is then reintroduced in the upper levels
of'the V-cycle in the upward orientation so that solutions are
computed for the respective spare eigensystems.

[0079] At the top level 21 of the V-cycle in the upward
orientation, the solution of the NEM equation for the plurality
of energy groups is computed.

[0080] In the illustrated embodiment of FIG. 4, the number
ng of neutron energy groups for the NEM equation at the top
level 21 may be equal to 8. For the intermediate levels 22, 24,
26,28, 30, the number of neutron energy groups in the respec-
tive selections may be respectively equal to four, three, two
and one. The three bottom levels 32, 34, 36 of the V-cycle
shown on FIG. 4 comprise the solving of said last spare
eigensystem for said one energy group according to the CMR
procedure.

[0081] The four intermediate levels 22, 24, 26, 28 corre-
sponding to the solving of respective spare eigensystems are
also designated by the respective references SR4, SR3, SR2
and SR1 (FIG. 5).

[0082] The factors of the mono-energetic operator A for the
level SR4 are computed explicitly. Subsequently, the factors
of the mono-energetic operator A for the level SR3 are
derived from the ones for the level SR4, as shown on FIG. 5,
where each box 37 represents a neutron energy group,
through:

A, ;SRslu'S':Am;smluvsv

A, ;SRszu'S':Am;smzuvsv

Am;SRSSMVSV:Am;SR43quY+Am;SR44MVSV (25)
[0083] Equation (25) is illustrated on FIG. 5 by the arrows

38 between levels 22 and 24.

[0084] Subsequently, the factors of the mono-energetic
operator A for the level SR2 are derived from the ones for the
level SR3 through:

s’

Lats'— Laes! 2
Ay T A psrz 4 RS

A, ;SRzzu'S':Am;Sstsv (26)
[0085] Equation (26) is illustrated on FIG. 5 by the arrows
40 between levels 24 and 26.

[0086] Finally, the factors of the mono-energetic operator
A for thelevel SR1 are derived from the ones for the level SR2
through:

ws'_ Lws 2u's'
Apsr1t™ T A sy + A smo 27
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[0087] Equation (27) is illustrated on FIG. 5 by the arrows
42 between levels 26 and 28.

[0088] Equations (25) to (27) define a spectral condensa-
tion algebra for the mono-energetic operator A corresponding
to a spectral grid partitioning strategy shown in FIG. 5. It
should be noted that another spectral condensation algebra
for the mono-energetic operator A with different equations
may be defined with another spectral grid partitioning strat-
egy, i.e. with a different arrangement of the boxes 37.
[0089] The factors of the mono-energetic operator C are
derived in a similar manner as for the factors of the mono-
energetic operator A, from the level SR4 to the level SR1 in
the downward orientation.

[0090] The factors of the spectral operator Q, for the level
SR4 are computed explicitly. Subsequently, the factors of the
spectral operator Q, for the level SR3 are derived from the
ones for the level SR4 through:

Lus'— Ls’
Quiisry = Q1 sra "
2us'_ 2u's’
Quzisr3”™ = Quaysra™”
2us'_ 2u's’
Quurisrs™ = Qumisra™”

Lus'_ Ls’
Quzisrs “*=Quassra

s

3w 3us i/
Onousry " =Omaysra ™ +Omaysra

s

2us' 205 2
Onaisry " =Omasra™  +Omaspa

3us'— 3us' Auls'
Oniisrs " = Omisra” " +Omisra

s

Lads' Luss' 1
Orn3,sr3 “ =0,.3,584 uS+Qm4;SR4 “
3us'_ 3us' Aus' 3us'
Orn3,583 quV7Qm3;SR4 uS+Qm3;SR4 uS+Qm4;SR4 iy
Qm4;SR44uS (28)

[0091] Subsequently, the factors ofthe spectral operator Qk
for the level SR2 are derived from the ones for the level SR3
through:

s’

Lads' Luss' 2
Oroisr2 “ =0,.3,583 uS+Qm3;SR3

- s’

0 2us 3us' 3
' 155R2 m 1;SR3 'm2;SR3

2us'_ 2u's’
Quzisr2™ = Q2,583

Lads'— Luss! 2u/s! Luss!
Opniisr2 uvsv*le;SRs B e
sz;smzus (29

[0092] Finally, the factors of the spectral operator Q, for the
level SR1 are derived from the ones for the level SR2 through:

o s s st
Orsr1” = Omisrr " +0misr2 " +Omaisrr  + 0o,

é i
SR27HS (30)

[0093] Equations (28) to (30) define a spectral condensa-
tion algebra for the spectral operator Q, corresponding to a
spectral grid partitioning strategy not shown and similar to the
one shown in FIG. 5 for the mono-energetic operators A and
C. It should be noted that another spectral condensation alge-
bra for the spectral operator Q, may also be define with
another spectral grid partitioning strategy.

[0094] Thus, a solution is calculated for the elements j©*
mens OF the neutron outcurrent column vector j©°*? at the top
level 21 of the V-cycle in the upward orientation. This enables
to determine the solution of the neutron incurrent column
vector i according to Equation (14), and finally to deter-
mine the solution of the neutron flux column vector ® accord-
ing to Equation (10).

[0095] The nuclear reactor core is then built or operated on
the basis of the calculated neutron flux column vector ®.
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[0096] Using spectral condensation algebras, wherein no
complex arithmetic operation is involved, for the operators A,
Cand Q, at the respective levels SR3, SR2 and SR1 allows the
operators A, C and Q, to be computed very cheaply, thus
leading to a better computational robustness and a better
computational efficiency of the modelizing method.

[0097] In order to further improve robustness and compu-
tational efficiency, according to a fourth aspect of the inven-
tion, the cubes 10 are split into a first category and a second
category.

[0098] Inthe followingdescription and as shown on FIG. 6,
the cubes 10R of'the first category will be called the red cubes
and the cubes 10B of the second category will be called the
black cubes but no specific restrictive meaning should be
associated with the words “black™ and “red”. Each red cube
10R has only black cubes 10B as direct neighbours. Thus,
most of the red cubes 10R have six direct black neighbours
10B. It should be understood by “direct” neighbours, the
cubes sharing a common surface with the considered cube.
[0099] Consequently, and as illustrated by FIG. 6, the grid
12 has a visual analogy with respect to the dark and light
regions of a checkerboard in a two-dimensional representa-
tion.

[0100] Then, the cubes are numbered, starting for example
by the red cubes 10R and ending by the black cubes 10B.
[0101] Inthe following description, such a split of the cubes
in two categories and the numbering of one category after the
other will be referred to as red-black ordering.

[0102] An advantage ofthe red-black ordering of the cubes
in comparison with the state of the art lexicographical order-
ing is that, for a red cube 1R, all its direct neighbours will be
black, and vice versa.

[0103] The Equation (24), which the computer has to solve
in order to calculate neutron flux within the core, can be
written in the matrix-vector form:

Ad=[0,+CJd 6D
[0104] Using a variable parameter vy, which value is typi-
cally comprised between 0.9 and 0.95, so that the product yu

forms a shift, an iteration of Equation (31) is written with the
following shift-inverted implicit form:

[A=p @y O =50 32)
[0105]

S D=1 D@+ Oy D (33)

where s”"!) is a source given by:

[0106] The spectral operator Q, and the mono-energetic
operator C are sparse, coupling red cubes 10R only to direct
black neighbours 10B and vice versa. Thus, the red-black
ordering enables the following convenient relationship
between the red and the black parts of the equation:

Ad, oD+ OV =80

Adyq QA O, = 81100 (34)

[0107] Equation (34) is transformed into the following
equivalent equation for the red solution part only:

Ot = (3)

2

o {e =1 - P[4 (0, + O]
Sreq With:

~A-l P N .
S = A 5+ VA (0 + A s

[0108] From a calculation point of view, the use of a red-
black ordering means that, during an iterative solving proce-
dure if, in the first half of an iteration, the red components 4, ,
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of'the iterant d are updated, then, during the second part of the
iteration, all the black components d,,, . will be updated on
the basis of the red components of their red neighbours d,,, .
In other words, the value for each black cube 10B will be
calculated on the basis of the values for all its direct red
neighbours 10R.
[0109] Using the red-black ordering improves the compu-
tation of the operators A, C and Q, described in the first,
second or third aspects of the invention. Thus, the red-black
ordering may be used in complement of the first, second or
third aspects of the invention in order to improve the compu-
tational efficiency.

[0110] Such a red-black ordering proves to be especially

useful when used with a particular solving procedure which

constitutes a fifth aspect of the invention.

[0111] This procedure is a particular highly robust stabi-

lized Bi-Conjugate Gradient Stabilized (Bi-CGStab) proce-

dure. An adequate introductory description of this procedure
can be found in the following references:

[0112] -Y. Saad, “Iterative Methods for Sparse Linear Sys-
tems”, second edition, Society for Industrial and Applied
Mathematics (STAM) (2003);

[0113] H. A. van der Vorst, “Bi-CGSTAB: a Fast and
Smoothly Converging Variant of Bi-CG for the solution of
nonsymmetric linear systems”, STAM J. Sci. Stat. Comput.
13(2), pp. 631-644 (1992),

[0114] The Bi-CGStab procedure is derived from a mini-

mization principle for a functional of d, with given ® and s,

for which stationarity applies with regard to small variations

dd around the specific optimum d which satisfies, exactly, the

linear system given by Equation (35), and for which the

functional assumes a minimum value.

[0115] Thus, it is possible to define a solving procedure

driven by the minimization of a functional rather than by

more direct considerations on how to solve Equation (35)

efficiently. The Bi-CGStab procedure follows from such a

minimization principle, where the successive changes in the

iterant are organized such that each change in the functional

(which is like a Galerkin-weighted integrated residual) is

orthogonal with respect to all of the preceding changes.

[0116] The particular Bi-CGStab procedure according to

the fifth aspect of the invention is given below with solution

vector d, solution residual r (with r=s—-0d) and auxiliary

vector r*, s and p, and with initial solution estimate d:

Lrg:=3-@do,r" =rg (36)
2. po:=ro,
3.doi=0,1,... N
. r)
4, s,
YT am
5. si:=r —ai® pis
(@D sivs0)
6. wj 1= —————,
D si, Dsi)

T dipy i=di + aip; + wis;,

8. ric1 i=s5i — @ i,

U riae;
10. piy1 =11 + B (pi — 0B pi)
11. end do

@ indicates text missingor illegiblewhen filed
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[0117] The above Bi-CGStab sequence is truncated after N
steps, with usually N<3.

[0118] For the Bi-CGStab procedure, the preconditioning
is based on the shift-inverted implicit form of Equation (32),
with typically 0.9<y<0.95.

[0119] With this choice for the shift yp, the operator s is
guaranteed to remain nonsingular since, during the solution
process, yu will converge down to y times the smallest pos-
sible eigenvalue of the system.

[0120] Solving Equation (32) is numerically equivalent to
determining the flux distribution in a slightly subcritical sys-
tem with a neutron source, which is a perfect scenario for
deploying advanced preconditioned Krylov procedure.
[0121] Usingthered-black ordering, Equation (32)is trans-
formed into Equation (35) as above explained. The precon-
ditioned system given by Equation (35) constitutes the sixth
aspect of the invention.

[0122] Once Equation (35) has been solved through the
Bi-CGStab procedure the black solution part is to be com-
puted from the black part of Equation (34).

[0123] Use ofthis particular way of preconditioning, which
means that the direct neutron interaction between neighbor-
ing (red vs. black) nodes, as projected onto the grid, is prein-
cluded in the system to be solved, making the unity operator
in Equation (35) more dominant since

1A @ ONI<IA 2O G7)

given that

@Ot 38)
[0124] This way of preconditioning manages to pre-in-

clude, at low computational cost, crucial information (or the
major part of that information) with regard to the physical
interactions between nodes that determine the spatial cou-
plings and hence the solution of the equation.

[0125] In another embodiment, the iterative solving proce-
dure is a Gauss-Seidel procedure, or an iterative procedure in
the Krylov subspace, such as a generalized minimal residual
method, also abbreviated GMRES, or a plain Jacobi method.
[0126] According to a seventh aspect of the invention, a
variational principle for improved eigenvalue computation
will be described in the following description.

[0127] Equation (16) corresponding to the spare eigensys-
tem, above described for the first, second or third aspect of the
invention, is written in the following form, with the second
neutron eigenvalue 1 and the neutron outcurrent vector col-
umn jout:

Joumt NP, 6T, 40T ..,
Jou=tC10+Q 50 (9)

[0128] where ¢, is another notation for the operator I
depending on the cube properties.

[0129] In what follows, we will assume that the first neu-
tron eigenvalue A fulfills the role of a scalar control parameter.
Using the property that the second neutron eigenvalue p
approaches unity if the total solution converges and thus
stabilizes, the variational principle, or perturbation approach,
comprises the varying the first neutron eigenvalue A to drive
the second neutron eigenvalue 1 towards 1 and to accelerate
the convergence of the spare eigensystem solution. This
variation of the first neutron eigenvalue A may be done prior
to every iteration of the spare eigensystem, or prior to every
second, third, fourth or fifth iteration of the spare eigensys-
tem.

[0130] The variation of the first neutron eigenvalue A is an
application of a variation OA to A such that A is driven to A+0h.,
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which impacts the second neutron eigenvalue p through a
perturbed interface current equation:

(o o). Ale @0
Jou + 8 Jour = | (p + SO P+ 08— G+ 1Y (o + 0 Jorar)
Y oo .
= S+ A |+ 08 o + S

[0131] with the partial operator derivative:

AP 9 @D

U GY jou = c193
[0132] As perturbations §j,,, are expected to be increas-

ingly small during the iterative procedure, they are conve-
niently ignored in Equation (40), and the integration with an
arbitrary adjoined weighting function " yields the following
expression:

+ 42
supon] = a9 5 2
(|o13)
Yaa
[0133] As the variation of the first neutron eigenvalue A is

such that the second neutron eigenvalue  is driven towards 1,
i.e. that u+dp is driven towards 1, the approximation du=1-p
is imposed. With this approximation and the Equation (42),
the following equation is obtained:

| @ag @3

[0134] Using the equivalence p.clq):jom—fﬁ(jout, oA is
given by:

(0 Jow =10+ W foua) (@ (1) @)
OA = =
<w* c 6_¢> <w* ¢ 6_¢>
ax '3
[0135] where r,,, represents the residual of the interface

outcurrent balance equation, i.e. Equation (39), with the
imposed target value for the second neutron eigenvalue
equal to 1. The residual r,,,, needs to be computed for each
NEM iteration step in any case.

[0136] The first neutron eigenvalue A, considered in this
aspect as a scalar control parameter, is then updated such that:

+ LZEV)> 45)

Alnew) _ y(prev) <‘”
¥

(o cl‘;_;’>’

[0137] where A?"®*) and A7"*" are respectively the previous
and the updated value of the first neutron eigenvalue A.
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[0138] For determining the partial operator derivative

9¢
ER

and using Equation (7) for example, the neutron flux ® is
written:

P=(R-S-NF) ' 6T s 46)
[0139] from which it follows that:
8¢ [0 » & p-llao. “n
5= [ﬁ(R—S—/\F) ]GY/O,,,

[0140] An approximate derivative
a¢
ER

is then computed by neglecting the upper-diagonal part of the
matrix relative to the inscatter operator S such that S=S, ,,, i.e.
by neglecting the upscattering:

9 [ 48)

N N av=l|a A
53 = | 53 (R =50 - AF) ]Gmm

2l

[0141] It should be noted that in many computational cases
this is not even an approximation, but numerically exact if no
upscattering is modeled.

[0142] Itis assumed that:
a6 9% 49)
FA = BA

[0143] which will be sufficient for a successful application

of the variational principle.

[0144] For computing

2%

it is first written:
R-8,p- W =(R-8;,p)A-MR-8,p)'F) (50)
[0145]

R-8, - M) = -MR=-8,) ) 1 R-S10)7! 1)

from which it follows that:

[0146] Then defining an operator notation B with:
B=(R-8, ) 'F (52)

[0147] and in order to implicitly compute
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the Taylor formula is applied to 1-AB:

_ l 53
[1-aB] " =1+aB+ 228" + 18 + .= > [aB]" o9
n=0

[0148] The Taylor expansion is rearranged as:
T+[1+AB+N2B20 253+ . .. Jnb=1+[1-ABJ'AB (54)
[0149] By application ofthe chain rule to Equation (54), the
derivative
9 . . -1
syl -5
is given by:
e TR U I B I (5%)
sxli-18] =[1-aB] B+|~[l-2B] }/\B
[0150] which yields:
B B RN (56)
[1-AB]55[1-a8] =[1-aB] B
[0151] The final expression that allows an efficient iterative

scheme for determining the derivative

is obtained by premultiplication of Equation (56) with 1-AB,
which gives:

-1 57
[1-a8] 2[1-a8] =5 o7

[0152] By writing [1-AB]?>=1-2AB+A?B2, computation of

a¢
o

is obtained from:

3 58)
S oap . 2299 (
[1-20B+ 25 ] =

[0153] with the source term s defined by:
$=BR-S10)" GYoum (R-S10) FR-S10) G (59)
[0154] In the case of two energy groups, Equation (58) is

solved directly and analytically.
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[0155] In the case of more than two energy groups, Equa-
tion (58) is solved iteratively, without exactness required in
early iteration phases, through application of:

= {new)
li} .
[_gb} =5+2AB

8% (old) e a3 (old) (60)
a1 - a|

[0156] where
6&5 (old)
]

and
6475 (new)
B

are respectively the previous and updated values of the
approximate derivative

93
e

[0157] Early means about the first third up to the first halfof
the totally needed number of iteration steps.

[0158] It should be noted that the iterations from the com-
putation of

93
A

can be abort rather early, since this variational approach needs
only an approximate value of

93
R

to be useful.
[0159] Thus, this variational principle according to this
seventh aspect of the invention is very effective, because the

numerator <wTIrout(P’e”)> in Equation (45) becomes smaller
and smaller upon convergence, whereas the denominator

(o

will converge rather quickly to an adequate value. In this
seventh aspect, the numerator defines the driving principle
since it converges towards zero.

[0160] Varying the first neutron eigenvalue A according to
Equation (45) drives the second neutron eigenvalue p towards
1 and accelerates the convergence of the spare eigensystem

o8]
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solution. This variation of the first neutron eigenvalue A may
be done prior to every iteration of the spare eigensystem, or
prior to every second, third, fourth or fifth iteration of the
spare eigensystem.

[0161] Thus, the variational principle of the first neutron
eigenvalue A may be used in complement of the first, second
or third aspects of the invention in order to improve the
computational efficiency.

[0162] All the above mentioned products of this seventh
aspect can be reduced to the black part of the grid 12 without
losing numerical efficiency in the method, so that the red-
black ordering above described in the fourth aspect of the
invention may be used in complement of this seventh aspect.
[0163] According to an eighth aspect of the invention, the
above described variational principle for the eigenvalue com-
putation can be generalized for the computation of a control
parameter being noted 0, that typically modulates the removal
operator R given by Bquation (4), the modulated removal
operator being noted f{e.

[0164] Inthe example of a modulation in all positions, the
control parameter 0 is the boron concentration. In the
example of a modulation in selected positions, the control
parameter 6 is a parameter for controlling a rod insertion
depth for a group of selected control rods.

[0165] Itis assumed that f{:f{e

[0166] Equation (16) is then written in the following form,
with the second neutron eigenvalue i:

jout:ﬂﬁpeéfyout-"éi]jout

Joua MR (61)
[0167] with a symbolic spectral operator P, defined by

159:([%9—5‘—1%')*1 (62)

[0168] Using the property that the second neutron eigen-
value | approaches unity if the total solution, including the
correct value of the control parameter 6, converges and thus
stabilizes, the variational principle, or perturbation approach,
comprises varying the control parameter 0 to drive the second
neutron eigenvalue L towards 1.

[0169] The variation of the control parameter 6 is an appli-
cation of a variation 86 to 0 such that 0 is driven to 6+30,
which impacts the second neutron eigenvalue p through a
perturbed interface current equation:

(. aP)s Als ©3
Jout + 6 four = | (it + S)LY| Py + MW G+ QY (Jous + 6 four)
. . 9P | ~ors .
Jout + 0o = (1t + 6#)Cl(¢ + 60%] + QY (Jour + 8 jour)
[0170] with the partial operator derivative:
NGY _0¢ &4
H—&Gyjom =a ER]
[0171] As perturbations §j,,, are expected to be increas-

ingly small during the iterative procedure, they are conve-
niently ignored in Equation (63), and the integration with an
arbitrary adjoined weighting function ' yields the following
expression:
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i 65
Sul60] = M(s& ©3)
(o 53)
199
[0172] As the variation of the control parameter 0 is such

that the second neutron eigenvalue 1 is driven towards 1, i.e.
that p+dp is driven towards 1, the approximation dp=1-p is
imposed. With this approximation and the Equation (65), the
following equation is obtained:

(@' | eig) (66)

oo

[0173] Using the equivalence uc,¢=j,,~QYj,,. 00 is
given by:

00 = (1=

(6" | Jour =10+ OF Joua) (@0 | rou) 67
00 = =
<w+ c ﬁf> <w+ c ﬁf>
Lag e
[0174] where r,,, represents the residual of the interface

outcurrent balance equation, i.e. Equation (39), with the
imposed target value for the second neutron eigenvalue p
equal to 1.

[0175] The control parameter 6 is then updated such that:

5| (prev) (68)
glnew) — glprevy o <w |r0"’ >
¥

(o cl‘;_f;>

[0176] Itis assumed that
¢ 99
FERT

which will be sufficient for a successful application of the
variational principle to the control parameter 6.
[0177] For computing

93
%a

the above described conditioning with application of the Tay-
lor formula is also used in the same manner.

[0178] The eighth aspect of the invention offers the same
advantages as the above described seventh aspect of the
invention, and may be used in complement of the first, second
or third aspects of the invention in a manner similar to that for
the above described seventh aspect of the invention, in order
to improve the computational efficiency.

[0179] FIG. 7 represents a set of convergence curves for
different eigensystem iterative solving procedures with the

10
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number of pursued NEM iterative steps in abscissa and the
fast flux error in ordinate, which is the maximum solution
error of the neutron flux for the fast neutrons energy group.
Since all energy groups are spectrally coupled, the maximum
solution errors of the neutron flux for the other energy groups
are quite similar to the fast flux error. Thus, the comparison
between different eigensystem iterative solving procedures is
possible through these convergence curves.

[0180] Thecurve 50is the convergence curve for the classic
Coarse Mesh Rebalancing (CMR) procedure with use of
single precision, and the curve 51 is the convergence curve for
the classic CMR procedure with use of double precision. The
single and double precisions are the classic precisions used
for representing the floating point numbers in a computer
program product.

[0181] The curve 52 is the convergence curve for the itera-
tive procedure according to the first and the seventh aspects of
the present invention for a single energy group with use of
single precision, and the curve 53 is the convergence curve for
the iterative procedure according to the same aspects of the
present invention with use of double precision.

[0182] The curve 54 is the convergence curve for the itera-
tive procedure according to the first and the second aspects of
the present invention for four coarse energy groups with use
of'single precision, and the curve 55 is the convergence curve
for the iterative procedure according to the same aspects of
the present invention with use of double precision.

[0183] The curve 56 is the convergence curve for the itera-
tive procedure according to the first, the second and seventh
aspects of the present invention for four coarse energy groups
with use of single precision, and the curve 57 is the conver-
gence curve for the iterative procedure according to the same
aspects of the present invention with use of double precision.
[0184] The procedure according to the first, the second and
seventh aspects for four coarse energy groups with use of
double precision (curve 57) is the procedure with both the
smallest error with a value substantially equal to 10~** for 50
pursued NEM iteration steps and the best computational effi-
ciency, as illustrated by the gradient of the convergence
curves which is maximum for the curve 57.

[0185] The procedure according to the first and the seventh
aspects for a single energy group with use of double precision
(curve 53) also provides a small error with a value substan-
tially equal to 10~° for 130 pursued NEM iteration steps.
Moreover, the computational efficiency of this procedure
(curve 53) is worth than the computational efficiency of the
procedure according to the first and the second aspects for
four coarse energy groups with use of double precision (curve
55), because the gradient of the curve 55 is greater than the
gradient of curve 53.

[0186] The procedure according to the first and the second
aspects for four coarse energy groups with use of double
precision provides an error substantially equal to 10~7 for 40
pursued NEM iteration steps.

[0187] Thus, the double precision has a great effect on the
value of the fast flux error, but has no impact on the compu-
tational efficiency of the modelizing method.

[0188] The seventh aspect of the present invention has also
a greater effect on the value of the fast flux error, than on the
computational efficiency.

[0189] The first and the second aspects for four coarse
energy groups provides the best computational efficiency, and
FIG. 7 illustrates that the greatest gradient for an error value
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comprised between 10° and 10~ is obtained for the curves 54
to 57, which all correspond to the first and the second aspects.
[0190] As set forth in the previous description, the first to
eighth aspects of the invention help to achieve robust model-
izing methods providing a better computational efficiency so
that relevant core simulations can be obtained within short
computational time period.

[0191] Itshould be kept in mind that the first aspect in itself
helps in achieving this goal and can thus be used separately
from the second to eighth aspects. Also, the second, third,
seventh and eighth aspects are not necessarily implemented
with the first aspect or with any one of the fourth to sixth
aspects.

What is claimed is:
1-9. (canceled)
10. A computer implemented method for modelizing a
nuclear reactor core, comprising the steps of:
partitioning the core in cubes to constitute nodes of a grid
for computer implemented calculation,
calculating neutron flux by using an iterative solving pro-
cedure of at least one eigensystem, components of an
iterant of the eigensystem corresponding either to a neu-
tron flux, to a neutron outcurrent or to a neutron incur-
rent, for a respective cube to be calculated,
wherein neutrons are sorted in a plurality of neutron energy
groups, and
wherein the iterative solving procedure includes a substep of
conditioning the eigensystem into a restricted eigensystem
corresponding to the eigensystem for a selection of some of
the plurality of neutron energy groups.
11. The method of claim 10 wherein a number of the
plurality of neutron energy groups is equal to 8.
12. The method of claim 10 wherein a number of the
selected neutron energy groups is between 1 and 4.
13. The method of any one of claim 10 wherein an iteration
of the restricted eigensystem solving procedure is:

NGC 3

G/l s’ lout)
Z Z Z QmG dc’n(mu’s’)u’y +
¢'=1d'=

1s'=Lr

“isotropic production”

4 (out)
Z CSGmuSdGmu!
s'=1,r

“throughflow”

(out) slout) _
AGmisAGmus = I

S outflow”

wherein d©“*? designates the components of the iterant corre-
sponding to an individual cube m; u, u' are Cartesian axis
indexes; s, s' are orientations equal to 1 or rand corresponding
respectively to a left or a right surface of the individual cube
along the respective Cartesian axes u, U'; G, G' being neutron
energy groups, A and C being mono-energetic factors, and Q
designating a spectral factor, NGC being a number of neutron
energy groups in the selection of neutron energy groups, and
1L is a neutron eigenvalue,
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in which an isotropic term

3
Glu's’ jlour)
Z Ond dc’q(mu’! Y's’

is independent of an outgoing current direction specified by
the Cartesian axis u and orientation s, and a throughflow term

s (out)
Z CmGuS dGmux’

s'=Lr

being defined within the same neutron energy group G along
the same Cartesian axis u.
14. The method of claim 10 wherein the iterative solving
procedure includes a multi-level V-cycle, the multi-level
V-cycle including a top level, a first intermediate level and at
least a bottom level,
wherein the top level includes the iteration of the eigensys-
tem for the plurality of neutron energy groups and the
conditioning of the eigensystem into a restricted eigen-
system for the selection of neutron energy groups,

wherein the first intermediate level includes the condition-
ing of the restricted eigensystem into a spare eigensys-
tem wherein components of an iterant of the spare eigen-
system only correspond either to neutron incurrents
coming into the cubes or to neutron outcurrents coming
from the cubes, and

wherein the bottom level includes solving of a first spare

eigensystem for a single energy group.

15. The method of claim 14 wherein the multi-level V-cycle
also includes at least a second intermediate level,

wherein each second intermediate level includes, in a

downward orientation of the multi-level V-cycle, a con-
ditioning of a former spare eigensystem for a former
selection of neutron energy groups into a latter spare
eigensystem for a latter selection of neutron energy
groups, the number of neutron energy groups in the latter
selection being smaller than the number of neutron
energy groups in the former selection,
wherein the former spare eigensystem of the second interme-
diate level subsequent to the first intermediate level in the
downward orientation of the multi-level V-cycle is the spare
eigensystem resulting from the first intermediate level, and
wherein the former spare eigensystem of each second inter-
mediate level which is not subsequent to the first intermediate
level is the latter spare eigensystem resulting from a prece-
dent second intermediate level.

16. The method of claim 10 further comprising a step of
building a nuclear reactor core on the basis of the calculated
neutron flux.

17. The method of claim 10 further comprising operating a
nuclear reactor core on the basis of the calculated neutron
flux.

18. A computer program product residing on a computer
readable medium and comprising a computer program for
running on a computer the method according to claim 10.
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