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CASSANDRE :
A TWO~DIMENSIONAL MULTIGROUP DIFFUSION CODE FOR REACTOR TRANSIENTS ANALYSIS.
CODE DESCRIPTION AND USER'S GUIDE

Susmary - CASSANDRE is a two-disensional (x-y or r-z) finite element neutronics code with
thermohydraulics feedback for reactor dynmmics prior to the dissssembly phase. 1t uses
the multigroup neutron diffusion theory, Its <wain charscteristics are the use of 2
generalized quasiststic model, the use of a flexible multigroup point-kinetics algorithe
allowing for spectrsl matching and the use of a finite element descriprion, The code was
conceived in order to de coupled with any thermohydrsulics module, slthough chermohydrau-
lics feedback {s only considered in r-z geometry. In steady state criticality search {s
possible either by comtrol rod ingertion or by homogeneous poisoning or the coolant. This
report describes the main charscteristics of the codes structure and provides all :he
informations nesded to use the code.
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CASSANDRE :
A TWO-DIMENSIONAL MULTIGROUP DIFFUSION CODE POR REACTOR TRANSIENTS ANALYSIS.
CODE DESCRIPTION AND USER'S GUIDE

Résumé - CASSANDRE est un code de neutronique sux éléments finis bidimensionnels (x-y ou
r-z) tenant cowpte d‘'effets rétroactifs thermohydrsuliques et destiné i ls dynsmique der
réacteurs durant la phase de prédésassemblags. La code est basé sur la théorie de diffu-
sion multigroupes et ses caractéristiques principales sont 1'util’sation d'un modela
quasistatique générslisé et 1'emploi d'un algoritime souple de cinétique ronctuelle
multigroupes permsttant une reproduction du spectre (spectral matching), Lle code est
congu de manidre 3 pouvoir &cre couplé A n'importe quel module thermohydraulique, quoique
1a rétrosction thermohydrsulique soit limitée & ls géométrie r-z. La recherche de 1'état
critiqus en régime stationnaire est possible soit par insertion de barre de contrdle, soit
psr empoisonnement homogéne du réfrigérant. Le présent rapport décrit les caractéris-
tiques principsles de la structure du code et fournit toutes les informations nécesssires
povr 1'utilisation du code.

B. ARIEN, J. DANTELS
8LG 591 (December 1986)

CASSANDRE :
A TWO-DIMENSIONAL MULTIGPQUP D1FYUSIOM CODE POR REACTOR TRANSTENTS ANALY3IS.
CODE DESCRIPTION AND USER'S GUIDE

Samenvatting - CASSANDRE 1is een twesdimensionele (x-y of r-z) eindige elementen neutronen-
code mst thermohydraulische terugkoppeling, die op punt gesteld werd voor de dynamische
studie van resctoren véér de ontmsntelingsfase. De cods steunt op de multiyroep neutro-
nendiffusisthsorie, De voornasmste karskteristiaken van de code zijn het gebruik van een
veralgessend qussistatisch sodel, het gebruik van een soepel multigroep puntkinetisch
slgoritime dat "spectral matching” toelsat en het gsbruik van een eindige elementen
beschrijving. De code werd opgevst ten einde asn om het even welk thermohydraulisch model
te kunnen gekoppeld worden, alhoewel thermohydraulische terugkoppeling beperkt werd tot de
r-z geometrie., In stationnair regime is het zoeken nasr dr criticaliteit mogelijk hetzij
door het inbrengsn van een controlestsaf, hatzij iloor het hosogeen vergiftigen var een
koalsiddel. Onderhavig rapport baschrijft de voorussmste karskteristieken van de code en
goefi al de nodige inlichtingen vcor hat codegebruik,
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The < “.ANDRE code is a two-limensional neutronics code usirg the
mylsiysop diffusion theory for transient analysis in nuclear reac-
ters rcior to the disassemblv phase.

The ~&.” _ature dependence of the neutronic cross-sections allows the
intradi :tion of the temperature feedback effects by adjunction and
courlir:: of a thermohydraulics module.

Originadly conceived and written for fast reactors, CASSANDRE however

can be sed for general reactor types.

The multigroup neutron diffusion equations are solved in steady and
unsteady states,

The finite element method with Lagrangian interpolation polynomials
is used for the swatial discretization in x-y or r-z geometries. The
time integration of the unstationary equations is verformed by means
of the generalized quasistatic approach allocating a different ampli-
tude function for each energy group. A flexible multigroup point-
kinutics algorithm allows for spectral matcling. Steady state
solutions of the direct and adjoint problems are obtained by the
power method with Chebyshev acceleration technique. Option for
criticality search by control rod insertion or homogeneous poisoning
of the coolant is also included in the code. In the present report
it is many times referred to [1]; this reference provides the de-
tailed theoretical and numerical developments upon which CASSANDRE is
based, and it must be a needful complement for a good urderstanding

«f these theoretical foundations.

As it will be further precised, the CASSLNDRE co 2 has been conceived
to permit the introduction and coupling of many possible thermohy-
draulics modules.

Nleutronics and thermohydraulics equations ara iteratively solved
until convergence criteria rre reached.

A very simplified thermohydraulics module described in appendix 7 is
included in the version of CASSANDRE furnished outside the C.E.N./
8.C.K.~Mol.



The macroscopic neutron cross-sections and their temperature depen-
dence variations are determined in a preprocessing module using a 26
or 40 groups library.

Confidentiality constraints forbid the diffusion of CASSANDRE to
external users with this preprocessing module. Nevertheless tte code
is supplied with an equivalent preprocessing module allowing to
introduce easily the neutron cross-sections coming from any other

library.

In order to optimize the core memory, a dynamic allocation technique,

described in app2ndix 6, has been introduced in the code.

The present report provides a general description of the code struc-

ture and all the informations needed to run the code successfully.

CASSANDRE initially was written in FORTRAN-IV lanquage and it has
been afterwards converted for FORTRAN-77 compilers. The code is

operational on an IBM 370/168 computer.

Additional informations can be obtained by contacting

B. ARIEN
Department of Technology
C.E.N./S.C.K. = Mol
2400 Mol BELGIUM



THE FUNDAMENTAL ASSUMPTIONS OF THE PHYSICAL MODEL

We recall here the main physical assumptions on which the code
CASSANDRE is based.

These assumptions were already taken up in the theoretical report

[11.

The space representation is limited to two dimensions, either in

rectangular coordinates (x,y) or in cylindrical coordinates (r,z).
The multigroup diffusion approximation is used.
Neutron downscattering as well as upscattering may be considered.

The boundary conditions are the Neuman-Dirichlet conditions

3¢ _
(a¢+BTl;—0)°

The reactor is partitioned in rectangular zones (finite elements)

in which the cross-sections are assumed spatially constant.

The macroscopic cross-sections may depend on a mean temperature of

the zone.

The fission macroscopic cross-sections are distinct for each fuel

isotope.

The Jdelayed neutron precursors are classified in families and are

distinc: for each fuel isotope.

The delayed neutron spectrum is identical for all families and all

fuel isotopes.
The transients are initiated from the steady state.

The thermohydraulic coupling is only considered in r-z geometry.



3. GENERALITIES ON THE STRUCTURE OF CASSANDRE

The structure of CASSANDRE is modular, each module being connected to
the other ones only by data files and eventually by the 1labeled
common block COMMON/DIM, as we shall see further.

The code is constituted by 5 modules

4 neutronics modules : 1) input module
2) preprocessing moduie
3) static modul:

4) dynamic module

1 thermohydraulics module : it is supposed that the thermohydraulic
calculations are performed in one module,
which will be denoted by THERMO for the

sake of convenience,
Their essential tasks respectively are :

1) the reading of the input data

2) the determination of the neutronic properties of the materials
(cross~-sections, compositions of the mixtures, fission spectra,
etc.)

3) the steady state calculation

4) the transient calculation

5) the determination of the thermohydraulic behaviour of the reactor.

The neutronics modules constitute in fact the code CASSANDRE itself,
the thermohydraulics module hcing introduced to take into account the

feedback effects on the neutronic cross-sections of the materials.

The global structure of the code is conceived to allow in principle
the coupling of neutronics with any thermohydraulics module, provided
that the phvsical model is compatible with the elementary assumptions
on which CASSANDRE is based.


http://thermohydrauli.es

Figure 3.1 schematizes the interfaces between the various modules of
the code.

INPUT
MODULE

IDP
+ COMMON/DIM

IDD
+ COMMON/DIM

IDS
+ COMMON/DIM

PRE-
PROCESSING
MODULE

STATIC DYNAMIC

MODULE

HYDRAULICS
MODULE

Figpre 3.1 : the modules of CASSANDRE and their interfaces

The interface between the preprocessing module and the static module
is constituted by file IPS, whereas the interface between the static
module and the dynamic module is defined by files IPSM and NFT. It
implies in particular that, provided that the right files contain the
right informations, a steady state calculation does not require at
each time the preliminary running of the preprocessing module and
that a transient calculation can start immediately without calling to
the static module.

This facility is especially useful if one desires to determine the
steady state for various configurations of the reactor; at the first
run the preprocessing module computes and stores on file IPS the

neutronic properties of the materials, and at the following runs the



[4)

code reads these properties on file IPS and begins directly the
static calculations. Similarly different transients starting from
the same steady state can be studied, the steady state being calcu-

lated only once before the first transient.

The preprocessing module, the static module and the dynamic module
are connected everyone to the input module by a file (IDP, 10S, IDD,
respectively) and by the labeled common COMMON/DIM. This labeled
common contains the array L (100), which collects the mos: important
integers used in CASSANDRE (number of energy groups, number of
compositions, number of nodes, file numbers, etc.).

The components of L are specified in appendix 5 and the contents of
files IDP, 1DS, IDD, IPS, IPSM, NFT and NCPL are described in appen-
dix 3.

'The calling sequences ~f these modules are defined ir the MAIN and in

subroutine MACAS, which are described in the following sections.



4. DESCRIPTION OF THE MAIN

In order to facilitate the implementation of any thermohydraulics
module in CASSANDRE, the calling sequence of the neutronics and
thermohydraulics units has been isolated as much as possible in the
MAIN of the code.

Coupling of neutronics and thermohydraulics obviously requires an
interative procedure between the neutronic and thermohydraulic
calculations, and this as well in steady state as in unsteady state.
The neutronics part of the code provides to the thermchydraulics
module (conventionally called THERMO) the power density distribution
in the reactor, whereas THERMO in return furnishes the temperature
and density distributions to neutroirics. This information exchange
is repeated in an iter:z ive manner until a desired level of conver-
gence has been reached.

The flow sheet of the MAIN given hereafter and followed by a nomen-
clature clearly illustrates the practical realisation of this coup-~

ling :

a) routine IDINIT is first called for the dynamic allocatior initia-

lizations (see appendix 6);

b) the input data are then read in routine INPUTD;

c) if NEXEC # 3, a static calculations has first to be carried out,
eventually followed by a dynamic calculation
if NEXEC = 3, a dynamic calculation is directly started from the
results of the preprocessing and static modules
obtained in a previous run and stored on files IPSM,
NFT as explained in section 3. Subroutine OPENMS is
initally called to define the characteristics of the

direct access files used by the dynamic module;

d) the iterctive processes between neutronics (MACAS) and thermohy-
draulics (THERMO) are characterized by the iteration loops on ITER

as well in steady state as in transient.



The iterations are pursued or stopped according to the value of
KCONV, which is determined in the neutronics modules and which

indicates the result of the convergerce tests.

In transient the iterative procedure between neutronics and thermchy-

draulics is repeated at each macro time step.

It has to be noted that, even if neutronics is not coupled with
thermohydraulics (ITFLUX = 0), the itcration loops subsist {although
THERMO is by-passed). The reasons are :

- in steady state : a possibility of criticality search exists in
the code and KCONV in fact provides the result
of the convergence test not only on the
thermohydraulics feedback but also on the
criticality; it means that, if criticality
search is asked, the iterative process occurs
anyway (see explanations of subroutine SPACE

for more details);

- in unsteady state : the quasistatic method used for the time
integration of the neutronic equations intro-
duces a non-linearity in the problem, requi-
ring an iterative process (Newton-SOR method)
at each macro time step; this iterative
process is combined with the iterations
related to the thermohydraulics coupling in
only one iterative scheme, so that the itera-
tions subsist in absence of thermohydraulics
feedback (see exglanations of su-routine SHAPE

for more details).

Remark : in steady state as in unsteady state, the number of itera-
tions is bounded by a maximum value given in input, so that the
program cannot cycle in case of non convergence; if this maximum
value is reached, the convergence parameter KCONV is automatically
put to 1 in SPACE or SHAPE.



Flow sheet of MAIN

CALL IDINIT

!

CALL INPUTD

XEC = 3
no

NDYN = 0O

IITER =1

L

ITER = ITER+1l

CAI'L MACAS

yes

no

|

CALL THERMO

ITFLUX =

iCALL OPENMS

'

NDYN = 1

i

ISTART =1

ITER = 1

ITER = ITER+l

CALL MACAS

b

ISTART

ITFLUX = O no

]

CALL THERMC

|
|

J— |
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Nomenclature

NEXEC : integer determining the 'level' of execution

if NEXEC = C, the code starts the calculatious with the egquiva-
lent preprocessing module

if NEXEC = 1, the code starts the calculations with the prepro-
cessing module derived from MULCOS

if NEXEC = 2, the code starts the calculations with the static
module

if NEXEC = 3, the code starts the calculations with the dynamic

module

NDYN : when NDYX! = O, the code is executing static calculations

when NDYN = 1, the code is executing dynamic calculations

ISTEAD :if ISTEAD = 0, static calculations are not followed by dynamic
calculations
if ISTEAD ¥ 0, static calculations are followed by dynamic

calculations

ITFLUX :integer related to the thermohydraulics coupling
if ITFLUX = 0, no thermohydraulics couplirg )
if ITFLUX # O, neutronics is coupled with thermohydraulics

ITER : iteration number for static or dynamic calculations

KCONV : integer determining the convergence 'state' for [criticality
search + thermohydraulics coup..ing] in steady state or [Newton-
SOR iterative procedure + thermohydraulics coupling] in transient
if KCONV # 1, convergence is not reached

if KCONV = 1, convergence is reached

ISTART :integer which is equal to 1 at the first calling to MACAS
> 1 at the next callings to MACAS
when ISTART = 1, it means that the initialization operations

have to be performed before gtarting the dynamic calculations,

It has to be pointed out that in case of restart ISTART is put to a
value > 1 in MACAS, because these initialization operations have to be

switched.
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. DESCRIPTION OF SUBROUTINE MACAS

MACAS constitutes the actual MAIN of the neutronics part of
CASSANDRE.

It manages the calling sequence to the preprocessing, statics and
dynamics modules, as it can be seen on the flow sheet given here-
after.

As explained in the previous section, MACAS is called at each itera-
tion on criticality search or thermohydraulics coupling in steady

state and at each MNewvton-SOR iteration in unsteady state.

a) At the first iteration in steady state (ISTART = 1, NDYN = 0), the
value of NEXEC is investigated to determine the sequence of the

next steps :

- if NEXEC = 0 or 1, the static calculations must be preceded by
the preprocessing calculations; for NEXEC = 0, the code uses the
so~-called ‘'equivalent' preprocessing module (CALL PRINC2),
whereas for NEXEC = 1, the preprocessing module derived from

MULCOS is requested (CALL PRINC1);

- if NEXEC = 2, the steady stat: calculations are immediately
started with the calling to SPACY, which is the main routine of
the statics module, and the preprocessing results obtained in a
previous run and stored on file IPS will be used during these

calculations.

(though foreseen in the flow sheet of MACAS, the case NEXEC = 3 is
uncompatible with NDYN = 0 and it may not occur).

b) At the first calling to MACAS in transient, i.e. at the first
Newton-SOR iteration in the first macro time step (ISTART = 1,
NDYN = 1), the program execution is directly switched to the
calling to SHAPE, which is the main routine of the dynamics

module.

c) At the end of each iteration, as well in steady state as in
transient, the dynamic allocation vector A and vector L are stored

on file NSAVE,



d)

e)

f)

12

At the second and next iterations (in steady state and in
transient), the dynamic allocation vector A and vector L are read
on file NSAVE and the prcgram execution is pursued by the calling

to SPACE or SHAPE according to the value of NDYN.

The storage of vectors A and L on file NSAVE have been introduced
to liberate memory space for the thermohydraulics module and also

to save results if a restart procedure is foreseen in a next run.

When the RESTART procedure is utilized (NREST # 0), the saving of
vectors A and L is not sufficient and the contents of some files
(NTM, NCPL, VM:O, NFX1l, NADJNT) must be also saved on file NSAVE;
this additional saving is obtained by calling to YSART and it is
only performed when the calculations related to the current macro
time step are ended (KCONV = 1); it means that a problem can be
restarted only at the beginning of a new macro time step.

When a problem is restarted (NREST = 1), it is necessary to read
on file NSAVE the results saved at the previous run and to
reinitialize files NTM, NCPL, NFO, NFX1, NADJNT ; this
reinitia "=zation is carried out by YSART, which is called when
ISTART = 100 (the value 100 for ISTART indicates the first calling
to MACAS for ~ restarted problem and ISTART is put afterwards to 2
in the MAIN for the next callings to MACAS).

As soon as this operation has been realized, the code may directly

prosecute from the stopping point of the previous run.



Flow sheet of MACAS

START = 100

ye

START = 1
and NREST > O
nd NDYN #

KCONV = 1

13

no

yes

4

CALL PRiNC2

|

.

Reading of NSAVE

n
T " 3
I

CALL PRINC1

I

START = 100 no

yes

CALL YSART

CALL SPACE

CALL

Writing on NSAVE

NDYN # 0
and NREST # 0
KCONV = 1

yes

CALL YSART

RETURN

no
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Nomenclature
{START :ISTART = 1 at the first calling to MACAS in steady state and in
transient

> 1 at the next callings to MACAS

NDYN : when NDYN

0, the code is executing static calculations

when NLYN = 1, the code is executing dynamic calculations

NEXEC integer determining the 'level' of execution

if NEXEC = 0, the code starts the calculations with the equiva-
lent preprocessing module

if NEXEC = 1, the code starts the calculations with the prepro-
cessing module derived from MULCOS

if NEXEC = 2, the code starts the calculations with the static
module

if NEXEC = 3, the code starts the calculations with the dynamic

module

NSAVE : number of the file on which the contents of the dynamic alloca-

tion vector are stored at each iteration

NREST

(]

0 if the restart procedure is not required

~1 at the first run of a transient problem starting from the
steady state, if the restart procedure is foreseen for next

runs

+1 if the transient problem is restarted from the final

results of a previous run.
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6. THE INPUT MGDULE

The purpose of the input module is the reading of the input data and
a preliminary check of their validity. Due to its relatively limited

task, this module obviously is the smallest one of the code.

The input module is constituted by 4 routines :

- subroutine INPUTD, which transfers the input data from file n° 5
to file INFS and which calls to subroutine DATIN;

- subroutine DATI". which is the most important routine of the input

module; the essential operations carried on by DATIN are :
- reading of the data on file INF5

- allocation of some variables appearing as arqguments in labeled

common blocks

- distribution of the other data betw2en files IDP, IDS, IDD
respectively for the preprocessing, static and dynamic modules
(it has to be pointed out that the file numbers IDP, IDS, IDD
are identical, i.e. they denote the same device, because they

are never used simultaneously, but consecutively)

=~ check of the validity of some input data and printing of messa-

ges in case of errors,.

- subroutine TRERR, which is called by DATIN in case of input data
error and prints out adequate messages according to the value of a

code index;

- subroutine RW, which is called by DATIN and is used to copy a
given number of data cards of file INFS on file IDP, IDS or IDD

with the same format.
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The general procedure of input data reading is globally governed by
the values of the parameters NEXEC and NREAD as schematized on the

flow chart hereafter.

- NEXEC, which is an execution parameter taking the value :

0 if the execution begins by calculations in the equivalent

preprocessing module

1 if the execution begins by calculations in the preprocessing

module derived from MULCOS
2 if the execution begins by calculations in the static module

3 if the execution begins by calculations in the dynamic module

- NREAD, which is a reading parameter taking the value

0 if the input data set begins by data related to the equivalent

preprocessing module

1 if the input data set begins by data related to the preproces-
sing module derived from MULCOS

2 if the input data set begins by data related to the static
module

3 if the input data begins by data related to the dynamic module.

Note that in any case we must have NEXEC > NREAD.

In the following flow chart, the expression 'blind reading' means
that the reading of the corresponding Aata set is performed without
any effect, i.e. without allocation of the data values to the corres-

ponding variables.

It can be observed in this flow chart that the preprocessing data
must not be obligatorily followed by the static data. Nevertheless
the structure of the code is conceived in such a way that the prepro-
cessing calculations are supposed to be immediately followed by
static calculations (see section 5)., If it is wished to run the
preprocessing in stand alone, it is then necessary to modify the MAIN

and routine MACAS accordingly.
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Flow chart for input data reading

blind readin reading of blind reading of] reading of
of the input the input the input data the input
data of the data of the of the prepro- data of the
equivalent equivalent cessing derived] Ipreprocessing
preprocessin preprocessiné from MULCOS derived from
MULCOS

=

~

—

reading of the blind reading of
input data for the input data
statics for statics

y%o

data

no

reading of the
input data for
dynanics

END
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7. THE FREPROCESSING MODULE

Before executing a steady or unsteady state calculation, it is
necessary to known the neutronic properties of the materials, 1like
the macroscopic cross-sections, the fission spectra, etc.

The determination of these properties is the matter of the preproces-

sing module.

FPirst of all it can be useful to recall the important concept of
mixture and composition, on which the physical mcdel of the prepro-

cessing of CASSANDRE is rartially based.

If we observe in details the actual configuration of a given zone of
the reactor, we find a certain number of components or mixtures

generally heterogeneously reparted (e.g. U02-Pu02, stairless steel,
sodium,...); each of these mixtures is a constant and homogeneous

combination of isotopes (e.gq. 0235, 0238, 0 for UO_-PuoO

2 2!
Cr for stainless steel) and is characterized by a type (fuel, clad-

Pe, C, Ni,

ding, coolant or structure). From a purely neutronic point of view
these mixtures are supposed homogeneously combined in the considered
zone and they constitute a composition; moreover their volume frac-
tions may vary through material movements (e.g. control rod with-
drawal, coolant voiding, etc.). Another important assumption is the
homogeneity of the temperature of each mixture in each zone {or
finite element), i.e. the mixture temperatures are spatially averaged
in each zone. A same composition obviously can recover several
zones, but the temperatures can vary from a zone to another one and
we are then led to introduce the notion of 'thermal composition’,
which is characterized not only by its isotopical composition, but
also by its mixture temperatures. Nevertheless this concept of
thermal composition is not taken into account by the preprocessing,

it is the matter of the static and dynamic modules.
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To summarize, a mixture is a constant and homogeneous combination ofj

isotopes
a composition is a variable and homogeneous ccmbina-

tion of mixtures

Each mixture is characterized by a type and it has a mean tempera-

ture in each zone (or finite element).

The temperature dependence of the macroscopic cross-sections of the
mixtures (due to Doppler effect and density variation) is as=umed to

be given in each energy group by :

Tm am bm cm
m _ o X, X, X,d
zx'g(Tm) = zx'g(Tmo) + meo [7?2 4—&,‘1 4? ] dr (7.1)

where zm is the macroscopic cross~section of mixture m
Tm is the mean temperature of mixture m in the zone
Tmo is a reference temperature
x refers to the physical process (fission, absorption,...)
g refers to the energy group
This law is general enough to cover the most usual cases.

The macroscopic cross-sections related to a composition C are then

given by :
i )= s £ (T ,t) g™ (T) (7.2)
X,9 meC m,C''m X,g m
where fm c is the volume fraction of mixture m in composition C
’

t is the time

s denotes the sum on the mixtures of composition C
meC
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The main task of the preprocessing module is to provide the values of
m m m

(T ), a , b and cm in (7.1) for each mixture m, each
X,9 mo X,g x,9 x,9

energy group g and each physical process x. In addition it must give
the prompt fission spectrum. More concretely the praprocessing

module must set up file IPS exactly as defined in appendix 3, since
this file is the only interface between the preprocessing module and

the static module.

In order to achieve this goal, two possibilities exist in the code

CASSANDRE :

1) use of the preprocessing module derived from MULCOS [2] with the
restriction that this module is only available for C.E.N./S.C.K.'s

users and not provided outside;
2) use of the equivalent preprocessing module.

- The preprocessing derived from MULCOS computes the values of-
m m m

zx,g(Tmo)' ax,g’ %,9° c:'g from a multigroup microscopic cross-
section library for a maximum of 60 isotopes.

This library is parted into a 26 groups library and a 40 groups
library.

The macroscopic cross-sections of a mixture are computed from the
microscopic cross-sections of the isotopes composing the mixture
and from the atomic densities of these isotopes. These computa-
tion is carried out for each mixture at 4 given temperatures and
according to a formalism taking into account the self shielding

m m
(Tm), ax , b

effects and detailed in [2]. The values of Em ’
X g X,9

c; g are then deduced by interpolation.

r

r

The use of the 26 and 40 groups libraries should need excessive
computation times for transient problems. Therefore it has been
introduces in the preprocessing the possibility to collapse the 26
groups library into a few groups library.

The code names for the library isotopes, the energy partitioning
for the 26 groups library and the best collapsing schemes are

given in the section devoted to the input data.
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The equivalent preprocessing option can be applied when the
macroscopic cross-sections of the mixtures and the fission spec-
trum are already known and given as input data. The task of the
equivalent preprocessing module simply consists to transfer these
input data to tile IPS conformably to the description given in
appendix 3.

Any other preprocessing module can be introduced in CASSANDRE

provided that this module creates as final results an output file

respecting this conformity with file 1PS.
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8, THE STATIC MODULE

For practical considerations, it is logical to admit that any un-
steady behaviour of the reactor is initiated from a steady state.
The static module is aimed to determine such steady situations.

The numerical methods used for the steady state calculations are
detailed in [1]. We 1limit here the explanations to the essential

features which can be useful in the framework of this user's guide.

In section 4 it was already outlined that the static module offers
the possibilities of criticality search and thermohydraulics coupling
and that the corresponding iterative loops are introduced in the
MAIN, while the convergence tests are performed in the static module
itself.

The general principle of the iterative processes are schematized in
figure 8.1. In this chart the dotted rectangle represents the static
module; criticality search is required if ICRIT # C and neutronics is
coupled with thermohydraulics if ITFLUX # 0. The result of the
convergence tests is transmitted from the static module to the MAIN
through the index KCONV as we shall see further,

It can be seen that the iteration loop on thermohydraulics coupling
is inner with respect to the iteration loop on criticality search,
i.e. before any change of poisoning in the reactor, convergence on

thermohydraulics feedback has to be reached.

Now let us put more emphasis on routine SPACE, which is the main
routine of the static module and which manages the calculations of
the steady solution for a given reactor poisoning and a given tempe-
rature distribution.

As it was done previously for the MAIN and for routine MACAS, we
illustrate the description of routine SPACE by its flow sheet fol-

lowed by a nomenclature.
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~ At the first iteration (ITER = 1), i.e. at the first calling to

SPACE, the program performs the initialization operations. Most of
these operations are condensed in subroutine SPACIN : they comprise
the initialization of some arrays and some files, the construction
of the spatial mesh grid and of the lay-out of the reactor, prepara-
tive calculations for criticality search and for thermohydraulics
coupling, Some parameters are directly initialized in SPACE (ISK,

ISWTCH, KCONV, XKO).

At the second and next iterations (ITER > 1), the reactor keff
value obtained at :he previous iteration is first memorized in XKO
and the contents of file IPSM are read (CALL FR16).

When criticality search is asked and convergence for temperature
feedback (if any) has been reached (KCONV = 0), a nev poisoning of
the reactor is determined in routine HIGNEW to sight criticality,
leading to a local change of the volume fractions of the mixtures
and therefore of the contents of file IPSM; these new contents are
then reinserted on file IPSM (CALL FW46). It has to be noted that,
when criticality is searched by control rod insertion, the new
position of the control rod(s) may modify the reactor lay-out (if
the bottom of a control rod passes from a finite element to another
one); in this case the parameter ISWTCH is put to 1 in routine
HIGNEW to indicate that the reactor lay-out must be redefined.
After that point the branches of the flow sheet related to the
cases ITER = 1 and ITER > 1 meet again.

A title related tc the current iteration is printed out, when criti-
cality search and/s>r thermchydraulics coupling are requested (CALL
PRITER).

If ISWTCH # 0, the reactor lay-out modified by the new poisoning
(see hereabove) is redefined in routine LAYNEW; at the first itera-
tion (ITER = 1), LAYNEW is ralled anyway for a first determination
of the 'thermal' lay--out of the reactor (see additional informa-

tions for f{ile NFT in appendix 3).



]
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The mean mixture temperatures and densities are assigned to each
'thermal' composition (CALL TEFEED) on the basis of the thermo-
hydraulics results or of the reference temperatures according to

the thermohydraulics coupling model.

All the informations needed for the computation of the macroscopic
cross-sections are then available; this computation is performed in

routine CROS2D.

The steady state solution corresponding to this situation is deter-
mined in routine DISFLU and the new value of reactor keff value is
put in XKEFF.

If criticality search and/or thermchydraulics coupling are re-

quested, convergence tests on the wvalue of k are performed in

the next step; as explained at the beginning :ff;his section, con-
vergence on thermohydraulics coupling (if any) is first tested : if
convergence is satisfied, KCONV is put to 0, otherwise it is put to
-1 and the convergence test on criticality (if any) is switched off
and deferred to next iteration(s); it means that a new poisoning of
the reactor is not defined as long as the Feactor keff is not stabi-
lized with regard to the temperature feedback effects. Once this
stabilization has been reached, the reactor criticality may be
tested and if the k value is close enough to 1, the reactor is

eff
considered critical (KCONV = 1).

If the printing of the neutron fluxes and power densitv distribu-

tions is required (IPRINT # 0), routine FLUX2D is called.

If thermohydraulics coupling is present (ITFLUX # 0), the power
density distribution is stored on file NCPL for the thermohy-
draulics module (CALL ADPOW).

Wien the final steady state hag been determined (KCONV), the calcu-~
lations in SPACE are ended if IADIR = 1; otherwise the solution of
the adjoint problem is required and determined in DISFLU, Before-
hand, the steady state results are stored on file NFT in rcuitine

TRANOU, if a dynamic problem is foreseen afterwards (ISTEAD # 0).



26

Adjoint fluxes are printed out :if asked (IPRINT # 0) and they are
stored on file NFT for the dynamic calculations if necessary

(ISTEAD # 0).
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Flow sheet of SPACE
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Nomenclature

ITER : iteration number for the criticality search and/or thermohy-

draulics schemes

ITMAX: maximum permitted number of iterations for criti~zality search

and/or thermohydraulics schemes

ICRIT: if ICRIT = 0, no criticality search
if ICRIT # 0, criticality search by control rod(s) insertion or

by homogeneous poisoning of the coolant
ITFLUX:if ITFLUX = 0O, neutronics is dependent on thermohydraulics
if ITFLUX # 0, neutronics is coupled with a thermohydraulics

module

KCONV: if KCONV

n
J
W

-~

no conver jence neither for criticality search nor
for thermohydraulics feedback

£ XCONV = 0, convergence for thermohydraulics feedback has

re

been reached, but not yet for criticality search

if KCONV

[}
[
~

convergence has been reached both for criticality

search and thermohydraulics feedback

ISK : iteration number for the criticality search scheme (i.e.,
without taking into account the iterations on thermochydraulics

coupling

ISWTCH: if ISWTCH
if ISWTCH

0, the reactor lay-out is not modified

1, the new control rod(s) insertion modifies the
reactor lay-out (the bottom of a control rod

passes from a finite eleiient to another one)

IADIR: if IADIR = 1, only the direct problem has to be solved
if IADIR = 2, the direct and adjoint problems are solved



ISTEAD:

IPRINT:

XKEFF :

XKO

EPSKC:

EPSKT:
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if ISTEAD

0, the steady state will not be followed by tran-
sient calculations

if ISTEAD # O, a transient calculation will follow the steady

state (either during the same run or during a

next run)

if IPRINT = O, printing of neutron fluxes and power densities is
not asked
if IPRINT = 1, printing of neutron fluxes and power densities is

required

value of the reactor keff obtained at the current iteration

value of the reactor kef obtained at the previous iteration

£

convergence criterion for criticality search

convergence criterion for thermohydraulics feedback
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9. DYNAMIC MODULE

CASSANDRE essentially is a neutronics code for transient analysis and
therefore its dynamic module constitutes the most original part of
the code.

Any transient situation of a reactor is supposed starting from a
steady state previously calculated, either during the same run of the
code or during another run. In this last case the steady state
results were stored on a permanent file (NFT).

As for the static module, we limit the explanations in this section
to the essential features needed for practical uses, all the theore-~

tical developments being detailed in [1].

The main characteristic of the dynamic module is the quasistatic
approach for the time integration of the neutronic equations.
Briefly the quasistatic method used in CASSANDRE consists in split~

ting the neutron flux ¢g in each enerqgy group as :
(r,t) = T_(t) ¥ _(r,t
¢g ’ g( ) g'Tr ),

where Tg(t) is a time dependent function called 'amplitude function’',
containing the major part of the time dependence of ¢g' and ?g(r,t)
is a space - time dependent function called 'shape function' giving
the space distribution of the flux shape and varying slowly with the
time (with regard to Tg).

The original multigroup diffusion equations are then transformed into
a set of coupled equations : the multigroup point-kinetics equations
and the multigroup shape function equations; the non linearity
induced by this coupling implies that the system of equations must be

solved iteratively, more precisely by the Newton-SOR me*hod.

Because of the slow variation of the shape functions with respect to
the amplitude functions, two different time scales are used for the
time integration : a 'macro time step' size H is used for the calcu-
lation of the shape functions, whereas the amplitude functions are

determined with a 'micro time 3tep' size h, submultiple of H; i,e. at



each macro time step, the point-i-rinetics equations are successively
solved n = % times. When temperature feedback ~ .fects are taken into
account, the iterations cn the neutronics-thermohydraulics coupling
are combined with the Newton-SOR iterations and this at each time
step. A simplified flow chart of the dynamic module is given in

figure 9.1. to illustrate this computational strategy.
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The dotted rectangle represents che dynamic module of CASSANDRE. As
for the static module, the iterative loops between neutronics and
thermohydraulics are introduced in the MAIN, but the convergence
tests are performed in the dynamic module itself and the result of
these tests is transmitted to the MAIN through the index KCONV (see
further).

In the flow chart hereabove, K is the micro time step number, NEWTON
is the Newton-SOR iteration number, MACRO is the macro time step
number and ITFLUX # 0 if neutronics is coupled with thermohydraulics.

The main routine of the dynamic module is routine SHAPE, which
manages the most important steps of the transient neutronics calcula-
tions. The flow sheet of SHAPE followed by a nomenclature is given

hereafter.

- at the beginning of the transient (ISTART = 1), the program
performs the initialization operations for the dynamic calcula-
tions, Most of these operations are condensed in subroutine
SHAPIN : initialization of some variables and some files, reading
of the steady state results, calculation of the initial keff

value, and so on, Some variables are directly initialized in

SHAPE (TIME, MACRO, KCONV).

- at the beginning of each macro time step, NEWTON and KCONV are put
to 0 (the value of KCONV at the end of the previous macro time
step was 1, see further), and the first task is the selection of
the macro time step length PMAC according to the value of ICMAP :
if ICMAP is equal to 1, PMAC is automatically controlled by the
code in subroutine MACON; if ICMAP = 0, PMAC takes the M.ACI-‘(Oth
value specified in the input data (CALL SMAP); if ICMAP = -1, PMAC
is constant during the whole transient. The second task is the
prediction of the power density distribution at the end of the
macro time step (excepted for the first macro time step). This
power density prediction is based on a simplified point-kinetics
model with temperature feedback, whose coefficient is determined
from the results obtained at the previous macro time steps (see
(1)). The reasons of the introduction of such prediction model

are :
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- if the macro time step is automatically controlled by the code,
the power prediction allows to check that the macro time step
will satisfy the condition on the maximum permitted power
variation;

- if neutronics is coupled with thermohydraulics, it is important
to have a sufficiently good estimate of the temperature distri-
bution at the end of the macro time step; a bad estimate should
yield unaccurate neutronic cross-sections and therefore large
oscillations of the results in the Newton-SOR iterative process.
Obviously the determination of this temperature distribution

necessitates the prediction of the power density distribution.

The power variation during the macro time step is predicted in
subroutine POWPRE,

In presence of neutronics-thermohydraulics coupling (ITFLUX # 0),
the power density distribution is deduced in subroutine PRIWAT.
Then the program execution leaves subroutine SHAPE and the neutro-
nics part of the code; it enters in the thermohydraulic module to
determine the corresponding temperature distribution and it
returns afterwards in SHAPE at the point it left this routine. It
has to be noted that this supplomentary iteration for temperature

prediction is not counted as Newton-SOR iteration.

at each Newton-SOR iteration the following steps are successively

performed :

- computation of the macroscopic cross-sections at the end of the
macro time step (CALL CROSS); these cross-sections ire computed
according to the values of the driving functions and the tempera-
ture distribution at the end of the macro time step; if control
rods are moving, the reactor lay out is modified if necessary.

- determination of the multigroup point-kinetics parameters
appe.ring in the amplitude functions equations (CALL KINCOE);

- calculation of the dominant eigenvalue of the amplitude func-
tions equations (CALL EIGVAL);

- solution of the amplitude functions equations (CALL AMPLI);

- computation of some coefficients depending on the amplitude
functions values and appearing in the shape functions equations
(CALL SHACOCE) ;

- solution of the shape functions equations (CALL FORME) ;
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- calculation of the power density distribution at each micro time
step (if ITFLUX # O0) and printing of the power and neutronic
fluxes at the specified times in the macro time step (CALL
PRIWAT) .

- 1in order to stop the Newton-SOR iterations, convergence tests are
performed on the values of the total reactor power and reactivity.
If convergence is obtained or if the maximum number of Newton-SOR
iterations is reached, KCONV is put 1 to indicate that the
Newton-SOR procedure has to be stopped. In this case routine
CANDER is called to determine the shape functions related to the
precursors concentrations and to reinitialize some files for the
next macro time step. Moreover if neutronics is coupled with
thermohydraulics (ITFLUX # 0), the feedback reactiv.ty is deter-

mined in routine RFTRO.

Remark : it is important to point out that the fission macroscopic

cross-sections are divided by the ke ££ value of the reactor at time

t=0 in order to insure a rigorous stationarity of the initial state.

The value taken for ke is not the value calculated by the static

£ff
module, but it is recomputed at the beginning of the transient in

routine RAU.



Flow sheet of SHAPE

DPOWe | POAER1 -POWM1 | /POWER1
DRAUS | RAUT-RALM1 | /| RAU|
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Nomenclature
ISTART : ISTART = 1 at the first calling to SHAPE and at the beginning
of the transient

ISTART # 1 otherwise

KCONV : if KCONV

0, convergence on the Newton-SOR iterations has not
yet been reached
if KCONV

1, convergence on the Newton-SOR iterations has been
reached and the calculations for a new macro time

step can begin

ITFLUX : if ITFLUX = 0, neutronics is independent on thermohydraulics
if ITFLUX # 0, neutronics is coupled with a thermchydraulics
module

MACRO : macro time step number

NEWTON : if NEWTON # 0, NEWTON is the Newton-SOR iteration number in the
considered macro time step
if NEWTON = 0, it means that preliminary calculations have to
be carried out in the considered macro time step

kefore starting the Newton-SOR process

NEWMAX : maximum permitted number of Newton-SOR ‘terations in the

considered macro time step
ICMAP : if ICMAP = 1, the macro time step length is controlled automa-
tically by the code

if ICMAP ¥ 1, the macro time step length is imposed by the user

TIME

current time

PMAC : macro time step length

POWERL : total power of the reactor at the end of the current macro time

step and at the 1ast Newton-SOR iteration
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POWM1 : total power of the reactor at the end of the current macro time

step and at the previous Newton-SOR iteration

RAULl : reactivity of the reactor at the end of the current macro time

step and at the last Newton-SOR iteration

RAUM1 : reactivity of the reactor at the end of the current macro time

step and at the previous Newton-SOR iteration

EPSP : convergence criterion on the total power of the reactor for the

Newton-SOR iterations

EPSR : convergence criterion on the reactivity of the reactor for the

Newton-SOR iterations



.39

10. COUPLING WITH THERMOHYDRAULICS

For practical applications, it is necessary to take into account the
feedr.ack effects due to the dependence of the macroscopic cross-sec-
tions on the temperatures and volume fractions of the materials (e.g.
Doppler effect, voiding effect, etc.). It was already outlined in
the present report (see sections 2, 3, 4) that in principle any
thermohydraulics module may be coupled with the neutronic part of
CASSANDRE, The only restriction is that the transients must be
limited to the pre-disassembly phase. In order to realize this
coupling it is obviously necessary to adapt the thermohydraulics
module to the interface requirements, i.e. the numerical valves
transfered from neutronics to thermohydraulics and reciprocally must
be transmittec only through file NCPL in conformity to the specifica-~
tions detailed in appendix 3. The iterative processes between

neutronics and thermohydraulics have been described in section 4.

Since the macroscopic cross-sections are supposed homogeneous in each
zone (or finite element), only averaged temperatures of the mixtures
in these zones are to be provided by thermohydraulics. It means that
the thermohydrauiics module must be completed ~ if necessary - by
routine(s) performing the averaging, Let us clarify this aspect by

means of the following figqures,
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40

From the neutronic point of view, we may decompose the core in
'neutronic' assemblies, each assembly being constitutad by superposed
elements as shown in figure 10.1a.

Now from the thermohydraulic point of view, we may represent this
‘neutronic' assembly ZJlor example by one ‘fuel rod channel or by one
subassembly whose behaviour is supposed 1—:0 reproduce the mean beha-
viour of all the channels or subassemblies comprised in the 'neutro-
nic' assembly (see figure 10.1b).

The temperature prcfiles so obtained have then to be averaged radial-
ly and axially in each element of the ‘neutronic' assembly to provide
the desired temperatures.

In order to illustrate this coupling model, the version of CASSANDRE
available for external users 1is supplied with a very simplifiasd
thermohydraulics module based on the single fuel rod channel and

detailed in appendix 7.
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11. RESTART PROCEDURE

In many cases it can be useful to have the possibility to restart a
problem provisionally stopped before the end of the calculations.
This capability has been introduced in CASSANDRE for transient
calculations. Moreover it is possible to modify some parameters for
the restarted problem.

In this section we explain the essential features related to the

restart procedure and the practical way to apply it.

The main parameter governing the restart procedure is NREST defined

in the first input data card (see section 12).

If NREST

0, the restart possibility is not utilized.

If NREST # 0, the restart procedure is applied

NREST = -1 for the first transient run, i.e. for the job run in
which the transient is started at the initial time
t=0

NREST = 1 for the next transient runs, for each of these runs,

the transient is restarted from the time at which the

problem was stopped in the previous run.

It has to be pointed ocut that, when NREST # O, the results are stored
on file NSAVE at the end of each macro time step and they replace

those ones of the previous macro time step. It implies that :
- the whole history of the transient is not stored on NSAVE;
- a problem can restart only at the beginning of a new macro time

step and not in the middle of a macro time step (e.g. for a new

Newton-SOR iteration of the last macro time step)

- it is possible to restart a problem untimely stopped (e.g. com-

puter failure).
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Some input data may be modified for a restarted problem. They are :

1) T™AX : the transient duration (see card 302.0), which is the

parameter governing the stop of the job

2) TLOF : constant of the time decrease of the coolant flow rate (see
card 302.0)

3) ICMAP : parameter related to the specification of the macro time
steps (see card 304.0); this parameter can onlry be changed to the
values 1 or -1 (e.g. the changes 0 + 1 or 1 + -1 are permitted,

but not 1 + 0)
4) PMAC : macro time step length (see card 305.0), if ICMAP = -1

5) PMAC1, PMAX, PMIN, FRMIN, DPLIM, RPOM : see card 310.0, if
ICMAP = 1

6) NEWMAX : maximum number of Newton-SOR iterations ](see card 311.0)
NMICI : number of micro time steps if ICMAP = + 1
7) NROD, FO, Fl, P2, TS, TF : see card 320.1, if IROD > O
NCOM, IMD¥, FO, F1, P2, TS, TF : see card 321.1, if IROD < O

8) EPSF : convergence criterion on the shape functions (see card
EPSP : convergence criterion on the total reactor power 324.0)

EPSR : convergence criterion on the reactor reactivity

Consequently, it is possible for a restarted problem to modify :

- the characteristics of the driving functions (e.g. velocity of
control rod withdrawal)

- some important characteristics related to the time integration

- some convergence criteria,

Finally, when the restart procedure is used, it is necessary to

specify that files NSAVE and IPSD must be permanent.



12, INPUT DATA

A description of the input data needed for the execution of a problem

is given in this section.

Cards 001.0 + 011.0 are the input data related to the equivalent

preprocessing module.
Cards 100.0 + 117.0 are the input data related to the MULCOS prepro-
cessing module.

Cards 200.0 + 233,0 are the input data related to the static module

Cards 300.0 + 328.0 are the input data related to the dynamic module.

Additional comments clarifying the comprehension of these input data

are supplied at the end of the section.
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PROLOGUE DATA
Card Variables Format Definition
0.0 NEXEC 314 NEXEC is a run variable
= 0 : the execution of the job begins with
calculations in the equivalent pre-
processing module, eventually followed
by static and dynamic calculations.
= 1 : the execution of the job begins with
calculations {n the MULCOS preprocessing
module, eventually followed by static
and dynamic calculations.
= 2 : the execution of the job begins directly
with calculations in the static module,
eventually followed by dynamic calcula-
tions.
= 3 : the execution of the job begins directly
with calculations in the dynamic module
(see sections 5, 6)
NREAD NREAD {s a reading variable
= (0 : data are given for equivalent preproces-
sing, and eventually static and dynamic
calculations
s 1 : data are given for MULCOS preprocessing
and eventually static and dynamic cal-
culations
= 2 : data are given only for static and even-
tually dynamic calculations
= 3 : data are given only for dynamic calcula-
tions
One must have NEXEC > NREAD
(see section 6)
NREST NREST is a restart variable

The value of NREST i{s only used for dynamic
calculations

=0 :

= -1:

no possibility of RESTART

a dynamic calculation is started from
the initial time with possibility of
restart for next runs
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= 1 : a dynamic calculation is restarted from
the end of a previous run

(see section 11)

If NREST = 1, one must have NEXEC = 3,

If NREAD = 0 GO TO CARD 001.0
If NNEAD =1 GO TO CARD 100.0
If NREAD =2 GO TO CARD 200.0
If NREAD = 3 GO TO  CARD 300.0
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EQUIVALENT PREPROCESSING DATA

Card variable(s) Format Definition
001.0 ML 514 number of mixtures (1 < ML < 30)
NGM mmber of energy groups (1 < NGM < 40)
NGU maximum number of energy group jumps by up-
scattering
NGD maximum number of energy group jumps by down-
scattering
(see comment 1)
Mr number of compositions (1 < MT < 30)
002.0 TYPE(ML) 20AL key-words describing the types of the mixtures
= 'HCOM’ for fuel
= 'bCLD' for cladding
= 'bS0D' for coolant
= 'BSTR' for structure material
003.1 NMELA(1) 2613 number of mixtures in composition 1
. NMEL(1,I), numbers of the NMELA(1l) mixtures of composi-
. I=1 ,NMELA(1) tion 1
. card 003.1 has to be repeated MI times,
003,MT NMELA(MT) 2613 i.e, for each composition
NMEL(MT,I)
I=1,NMELA(MT)
004.1 FRAC(1,1I) 6E12.4 initial volume fractions of the NMELA(1) mix-
. I=1 ,NMELA(1) tures of composition 1
. card 004.1 has to be repeated MI times,
. {.e. for each composition
004, MT FRAC(MT,I), 6E12.4
I=1,NMELA(MT)
005.0 ITK(ML) 1615 reference temperatures at which the macros-

copic cross-sections are given for the ML mix-
tures (°K)
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006.1 CTOT(1,1,1G,1), | 6E12.4 |1
. 1G=1,NGM multigroup macrogiopic cross-sect .uns of
. the mixtures (ca )
006 . IHM CToT1(1,1,1G,IMM), | €6E12.4 (see comment 2)
. 1G=1,NGM
. card 006.1 has to be repeated IHM times
006 . THM*4 cror(s,1,1G,IHM), | 6E12.4 cards 006.1 > 006.IHM have to be repeated
. 1G=1,NGM 4 times
. cards 006.1 - 006.IHM*4 have to be repeated
006 . THM*4 CTOT(4,ML,1G,THM) | 6E12.4 JHL times
*ML 1G=1,NGM
007.0 VELOC(NGM) 6E12.4 velocities corresponding to the NGM energy
groups (cm/sec)
008.0 CHI (NGM) 6E12.4 prompt fission spectrum in the NGM energy
groups
(see comment 3)
00.9 NL 14 number of fuel isotopes (or fuel mixtures)
(see comment 4)
010.0 NISONL(NL) 1014 numbers of the NL fuel isctopes (mixtures)
011.0 END Ab = 'ENDP'

1f no data for steady state calculations GO TO CARD 329.0

If data for steady state calculations

(see comment S5)

GO TO CARD 200.0
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MULCOS PREPROCESSING DATA

Card Variable(s) Format Definition
100.0 ML 14 number of mixtures (1 < ML < 30)
IPRINT = 0 1f no printing of intermediate preproces-
sing results
= 1 if printing of intermedlate preprocessing
resuits
ICROS = 0 if no printing of the cross-sections
= 1 if printing of the cross-sections
101.1 TIT A8 = 'bMIXTURE'
NMIX(1) 14 number of the first mixture
101,2 ITK(1,K) ,K=1,4 |[418,A%4,I4 | & base temperatures for the mixture (°K)
(see comment 6)
TYPE(1) key-word describing the type of the mixture
= 'bCOM' for fuel
= 'HCLD* for cladding
= 'bSOD' for coolant
= 'bSTR' for structure materfal
NIS number of isotopes in the mixture (< 30)
101.3 NAME(1) A8,4X,E12,4| name of the first isotope in the mixture
. (see below for the code names)
. c(1) atomic density of the first isotope in the
. mixtur
. (10" at/em?®)
101.2+NIS NAME{NIS) (card 101.3 has to be repeated NIS times,
i.e., for each isotope in the mixture)
C(NIS)
. (cards 101.1 + 101.2+NIS have to be repeated
. ML times, i.e. for each mixture)
102,0 END A8 = 'ENDPMbbb’
103.0 MT 1 3 number of compositions (1 < MI < 30)
104.1 NMELA (1)=NM 14 number of mixtures in the first composition

(< 30)
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104.2 NMEL(1,1) I4,E12.4 | number Lf the first amixture in the composi-
. tion
. FRAC(1,1) tnitial volume fraction of the first mixture
. in the composition
104, 1+NM NMEL(1,NM) (card 104.2 has to be repeated NM times, i.e.
. for each mixture in the composition)
. FRAC(1,NM) (cards 104.1 + 104.1+NM have to be repeated
. ML times, i.e. for each composition)
105.0 END A8 = *ENDPCObD’
106.0 NL 14 nuaber of fuel isotopes (cr fuel mixtures)
to be considered separately (1 < NL < 10)
(see comment 7)
107.0 NISONL(NL) 1014 numbers of the N fuel mixtures wher. the
fuel isotopes have been separated
108.0 TIT 3A8,I4 = 'bLIBRARYDKFK-NAP-26bGR.b'
40
if original 26 (or 40)-groups library is
used (option A)
or
= 'HFEWGRbbbLDOLODOOOSCHEMED !
1f collapsing is asked (option B)
NGM number of energy groups (NGM < 40)
IF QPTION A GO TO CARD 117.0
109.0 NUMGR(1,1G),1G=1, 2014 numbers of the first fine groups
NGM
110.0 NUMGR(2,1G) ,1G~=1, 2014 numbers of the last fine groups
NGM (see comment 8)
111.0 TIT 248,14 = 'L FK-NA-26bDGR.bb'
1DLIB = 26
112.0 NISL 14 total number of isotopes
113.0 NAML(NISL) 8(A8,2X) | 1ist of the isotopes (see below for the

code names)
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114.0 NSPEC 4X,I4 number of spectra to be associated to the

compositions for the collapsing
(see comment 9)

115.0 NUMSP(MT) 2014 numbers of the spectra to be associated to
the MT composition,
(NUMSP (NCOM) is the number of the spectrum
associated to composition NCOM)

116.0 FLUX(IG), 6E12.4 first spectrum

16=1,26

(card 116.0 has to be repeated NSPEC times,
f.e. for each spectrum)

117.0 END AL = 'ENDP'

If no data for steady state calculations GO TO CARD 328.0 (see comment 5)

1f data for steady state calculations

GO TO CARD 200.0.
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Code names for the isotopes of the library

Character position Character position Character position

12345678 12345678 12345678

H 601 CR §) 23 8BL
D 002 CR B L PU 239
HEOGCDO 4 FE PU239BL
LIODOGSG F E BL PU240
BEOOS NI PU 241

B N10 NI B L PU 242

B 011 cCUu PFPUDO

C 612 Z R XE135 ~~
o 01 2BL NBO9 3 SM149 *
N 014 MO U 234¢*
O 016 EU PA 233

O 016BL GD N 2395s
NAO233 HPF

NAO23IBL TA1lS8!

MG PB

ALO2 BI2029

SI028 TH232

K U 233

CA 9f 235

Cc 035 U 235BL

T U 236

vV 051 U 238

The second and third characters corresponé to the usual symbol for the
isotope.

The 3 next characters correspond to the ato.aic mass of the isotope.

For some isotopes the characters BL are added in positioas 7 and 8 and
they indicate that the cross-sections have been corrected to take into
account the blanket spectrum.

PFPU9 is related to the fission products of Pu239.



Partitioning of the 26 groups library

Group number

OV ®©® N 0 »n b W N

I S T S I R R S S N S O i S S e N i~ e ol o =
O M B W N M O W DN s W N RO

Energy range

10.5 - 6.5 MeV
6.5 - 4.0 MeV
4.0 - 2.5 Mev
2.4 - 1,4 MeV
1.4 - 0.8 MeV
800 - 400 keV
400 - 200 keVv
200 - 100 keV

100 - 46.5 keVv

46.5 - 21.5 kev
21.5 - 10.0 kev
10.0 - 4,65 keV
4,65 - 2.15 kev

2.15 - 1.0 keV

1000 ~ 465 eV
465 - 215 ev
215 - 100 eV

100 - 46.5 eV

46.5 - 21.5 eV

21.5 - 10.0 eV

10.0 - 4.65 eV

4.65 -~ 2,15 eV
2.15 = 1.0 eV

1.0 -~ 0.465 ev

0.465 - 0.215 eV
0.0253 ev



Optimized collapsing

According to [*] the best few-group condensions are :

12 groups : 1-3, 4-4, 5-5, 6-6, 7-7, 8-9, 10-10, 11-12, 13-13, 14-15,
16-17, 18-26

10 groups : 1-3, 4-4, 5-5, 6-6, 7-7, 8-=9, 10-10, 12-12, 13-13, 14-26
8 groups : 1-3, 4-6, 7-7, 8-9, 10-10, 11-12, 13-13, 14-26
7 groups : 1-3, 4-6, 7-7, 8=9, 10-10, 11-13, 14-26

6 groups : 1-3, 4-6, 7-7, 8-9, 10-13, 14-26.

[*] Nuclear Science and Engineering n°® 53, Vol. 3, pp. 337.
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STEADY STATE DATA

Card Variable(s) Format Definition
200.0 TITLE(8) 8A8 Title for steady state calculations
201.0 GENER 2A8 = 'bSSHGENERALITIES'
202.0 TPROB 713 = ] for independent source problem
= 2 for eigenvalue problem
(see comment 10)
ICRIT =0 §{f nc criticality search
> 0 for criticality search by control rod insertion
< 0 for criticality search by homogeneous poisonin4
of the coolant with mixture |ICRIT|
(see comment 11)
IBTOT number of control rods to be considered f.r the
steady and/or unsteady state calculations (< 5)
ISTMAX maximum number of iterations for criticality
search and/or thermohydraulics coupling (put 0 if
no criticality search and no thermohydraulics
coupling
ITFLUX = 0 if neutronics is not coupled with thermohy-
draulics
# 0 if neutronics is coupled with a thermohy-
draulics module and ITFLUX 1s the number of
compositions submitted to thermohydraulics
feedback
ISTEAD = 0 if the steady state will be followed by a
transient
4 0 if not
(see comment 12)
IADIR = 1 only direct problem {s solved
= 2 direct and adjoint problems are solved
(see comment 13)
203.0 ICHEB 213 = 0 1f no Chebychev acceleration for the power
method
= 1 if power method is accelerated by Chebychev
scheme
(put 0 if IPROB = 1)




maximum number of iterations for the power method
(IPROB = 1) or for the rebalancing method
(IPROB = 2)

(see comment 14)

204.0 GEOM 2A8 = 'bSSHGEOMETRYbbDLD *
205.0 NG 413 = 0 for rectangular geometry {(x-y)
= 1 for axisymmetric geometry (r-z)
NDG = 1 for bilinear basis functions
= 2 for biquadratic basis functions
= 3 for bicubic basis functions
(see comment 15)
MR INRI = number of mesh nodes along the x(or r axis)
NZ |NZ| = nunber of mesh nodes along the y(or z axis)
NR, NZ > 0 : uniform mesh grid
NR, NZ < 0 : non-uniform grid
206.0 ALBC,ARBC,ATRC, 4E12.4 boundary coefficients at the left side, the right
ABBC side, the top and the bottom of the reactor res-
pectively
207.0 BLBC, BRBC,BTEC, 4E12.4 | idem
BBBC
the boundary conditions are the Neumann-~Dirichlet
conditions :
ab(r ) + ®D(R ) n_.%(r ) = 0
e e e e
with a = ALBC,ARBC,ATBC,ABBC
b = BLBC,BRBC,BTBC,BBBC
If NR, NZ > 0, GO TO CARD 210.0
208.0 R(NR) 6E12.¢ abscissa of the mesh nodes along the x(or r) axis
(cm)
209.0 Z(N2) 6E12.4 abscissa of the mesh nodes along the y(or z) axis
(cm)
GO TO CARD 212,0
210.0 RMIN, RMAX 2E12.4 minimum and maximum abscissa of the uniform mesh
grid along the x{or r) axis (cm)
211.0 ZMIN,ZMAX 2E12.4 ninimum and maximum abscissa of the uniform mesh
grid along the y(or z) axis (cm)
212.0 LAYOUT 248,13 = 'bSSHLAYLOUTbbLDD '
NMAX

maximum number of convex zones needed to define
the reactor lay-out




213.1 NCOM, 513 composition number
IR1,IR2,121,12Z2 respectively left, right columns and bottom, top
rows of the mesh grid enclosing the _omposition
NCOM (each composition definition overrides a
previous one if any)
(see comment 16)
213 .NMAX 513
IF ITFLUX = 0 GO TO *
214.0 IMTH(ITFLUX) 2613 numbers of the ITFLUX compositions submitted to

thermohydraulics feedback
(see comment 17)

* IF ICRIT = 0 and IBTOT = 0 GO TO CARD 220.0

IF ICRIT < 0 and IBTOT = 0 GO TO CARD 217.0

215.0 RODS 2A8 = 'bSSbCONTR, bRODSD'
216.1 MTABS 613 number of the absorbing composition in the first
contrcl rod zone
. 1RCI,IRC2,IZCI,IZCZ respectively left, right columns and bottom, top
. rows of the mesh grid enclosing the first control
. zone
. (see comment 18)
IRZ8 = 0 1f the control rod is not used for criticality
search
(see comment 19)
= 1 1f the control rod is used for criticality
search
216 .IBTOT 613 card 216.1 has to be repeated IBTOT times, i.e.
for each control rod
IF ILRII > O GO TO CARD 220.0
217.0 POIS 248 = 'bSSHPOISONbbbLDD !
218.0 MIFRA [3,E12.4 |number of poisoned compositions
FRAMAX maximum permitted dilution of pofson in the coo-
lant
(see comment 20)
219.0 NCOPO(MTFRA) 2413 numbers of the MIFRA poisoned compositions
220.0 NUCLEA 2A8,13 = 'bSSbNUCLEARbbDDDD !
NPREC = 0 {f data are not given for delayed neutrons

# 0 if data are given for delayed neutrons
(see comment 21)
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221.0 NGM 613 number of energy groups
NGU maximum nuaber of group jumps by upscattering
(put 0 if preprocessing derived from MULCOS is used)
NGD maximum number of group jumps by downscattering
(put NGM-1 if preprocessing derived from MULCOS
is used)
mmber of compositions
number of fuel isotopes (i.e. fuel mixtures)
number of precursor families if any
(these data aust be consistent with the prepro-
cessing data)
IF NPREC = 0 GO TO CARD 224.0
222.1 BETA(1,I), 6E12.4 delayed neutron fractions B‘:' for the first fuel
. I=1,N1 mixture (L = 1)
222.NL BETA(NL,I), 6E12.4 caru 222,1 has to be repeated NL times, i.e. for
I=1,NI each fuel mixture
223.0 CHID(NGM) 6E12.4 delayed neutron fission spectrum X;
224.0 CONVER 248 = 'bSSbCONVERGENCED'
225.0 EPSF 4E12.4 convergence criterion on the fluxes for source
problems (IPROB = 1)
EPSK convergence criterion on ke p for the power method
(IPROB = ?)
EPSKT convergence criterion on k for the neutronics-
thermohydraulics coupling fterations (put 0.0 if
ITFLUX = 0)
EPSKC convergence criterion on ke for criticality
search (put 0.0 if ICRIT = ﬁ
(see comment 22)
226.0 ENERG PAS,E12,4 |= 'bSSBENERCYbbbbbD'
EFISS energy delivered per fission (joules)
IF TPROB = 1 GO TO CARD 228.1
227.0 POWNOM El12.4 nominal power of the reactor (watts)
GO TO CARD 229.0
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228.1 Q(1,1G),IG=1 ,NGM 6E12.4 independert multigroup source in the first compo-
sition (n/cm.sec)

228.MT Q(MT,1G),IG=1,NGM 6E12.4 card 228.1 has to be repeated MT times, i.e. for
each composition

229.0 EDIT 2A8 = 'HSSbEDITINGbbbbD'

230.0 ICROS 513 = 0 if no printing of cross-sections
= 1 if printing of cross-sections

IPRINT = 0 if no printing of fluxes and power densities
= 1 if printing of fluxes and power densities
IFLUX if TFLUX = 0, the fluxes and power densities are
printed out at points given on cards 231.0, 232.0
if IFLUX ¥ O, the fluxes and power densities are
printed out at IFLUX points per mesh {n each
direction (see comment 23)
NFR number of abscissa along the x (or r) axis where
the fluxes and power densities are printed out
(put 0 if IFLUX # 0)
NFZ number of abscissa along the y (or 2z) axis where

the fluxes and power densities are printed out
(put 0 {f IFLUX ¥ 0)

IF IFLUX ¥ O GO TO CARD 233.0

231.0 RR(NFR) 6E12,4 abscissa along the x (or r) axis where the fluxes
and power densities are printed out (cm)

232.0 Z2(NFZ) 6E12.4 abscissa along the y (or z) axis where the fluxes
and power densities are printed out (cm)

233.0 END A8 = 'HSSHENDD'

IF no data for unsteady state calculation

IF data for unsteady state calculation

GO TO CARD 323.0
GO TO CARD 300.0
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UNSTEADY STATE DATA

Card

Variable(s)

Format

Definition

300.0

TITLE(8)

8A8

Title for unsteady state calculations

301.0

GENER

2A8

= 'bUSOGENERALITIES'

302.0

IROD

ITFLUX

TLOF

213,2E12.4

if TROD = 0, neither moving control rod nor varying
mixture

if TROD > 0, IROD control rod are moving (< IBTOT)

if IROD < O, |IROD| mixtures are varying with the
time

= 0 if neutronics is not coupled with thermohy-
draulics

¥ 0 if neutronics is coupled with a thermohy-
draulics module and ITFLUX compositions are
submitted to thermohydraulics feedback
(ITFLUX must be consistent with its value in
steady state)

transient duration (sec)

constant characterizing the variation of the
;o:l;ntegizaFi%aw rate :

(sec ) (see comment 24)

303.0

INTEG

248

= 'bUSbTIMELINIEGDD'

304.0

INTERP

IEXTR

513

INTERP = 1 : interpolation of the fundamental mode
and another mode for the amplitute
functions

INTERP = 2 : interpolation 8f the fundamental mode

and the mode e = for the amplitude
functions

INTERP = 3 : double interpolation of the mode
e '~ for the amplitude functions
(see comment 25)

IEXTR = 0, no Burlish-Stoer's extrapolation for
the amplitude function calculation

TFXIR = 1, Burlish~-Stoer's extrapolation 1is used
for the amplitude function calculation




ICER

IcMP

ICMAP
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ICER = 0 : no error control for the amplitude
function calculation

ICER = 1 : error control for the amplitude
function calculation
(see comment 26)

ICMP = 0 : no automatical control of micro time
step

ICMP # 0 : automatical control of micro time step
(ICMP is the maximum permitted number
of micro time steps in each macro
time step)

ICMAP = -1 : the macro time step length is con-
stant

ICMAP = 0 : the muacro time step length can vary
and is specified for each macro step

ICMAP = 1 : automatical control of macro time step

IF ICMAP = 0 GO TO CARD 306.0
IF ICMAP = 1 GO TO CARD 310.0
305.0 PMAC E12.4 macro time step length (constant) (sec)
GO TO CARD 311.0
306.0 MACMAX 13 number of macro time steps used for the transient
307.0 PMA(MACMAX) 6E12.4 values of the macro time step length (sec)
(see comment 27)
308.0 NMIC(MACMAX) 2413 number of micro time steps in the macro time steps
at the first Newton-SOR iteration
(see comment 28)
309.0 NEWT (MACMAX) 2613 maximum numbers of Newton-SOR iterations in the
macro time steps
GO TO *
310.0 PMACL 6E12.4 value of the first macro time step (sec)
PMAX naximum permitted value for the macro time steps
(sec)
PMIN ninimum permitted value for the macro time steps
(sec)
FRMIN minimum value of the reduction factor for the
macro time steps
DPLIM nmaximum permitted value of the relative variation

of the shape functions over a macro time step
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RPOM maximum permitted value of the power ratio between
beginning and end of each macro time step
(see comment 29)
311.0 NEWMAX 213 ma. 1 number of Newton-SOR iterations in each
macro time step
NMICI number of micro time steps in each macro time step
at the first Newton-SOR iteration
(see comment 28)
* IF INTERP # 1 GO TO CARD 313.0
312.0 VP El2.4 time constant of the second 1ntgméaced moc_ii for
the amplitude functions, i.e. e (sec )
313.0 NUCLEA 2A8 = 'HUSHNUCLEARDDDDD *
314.0 NGM 4I3 number of energy groups
NI number of precursor fam!lies
NL number of fuel mixtures (isotopes)
2
IOBETA if IOBETA = 1, the values of £, ape given
if IOBETA = 2, the values of (vlﬂi)g are given
(see comment 30)
(the values of NGM, NI, NL musi be consistent with
their values in steady state)
315.1 XLAMDA(I,1), 6E12.4 decay constants Xq' of the NI precursor ngilies
. I=1,N1 for the first fuei isotope (2=1) (sec )
315.NL XLAMDA(I,NL), 6E12.4 card 314.1 has to be repeated NL times,
I=1,NT {.e. for each fuel isotope
IF TOBETA = 2 GO TO CARD 317.1
L
316.1 BETA(I,1),I=1,NI 6E12.4 delayed neutron fractions Bi for the first fuel
. isotope (L=1)
316.NL BETA(I,NL),I=1,NI 6E12.4 card 3i5.1 has to be repeated NL times, {.e, for
each fuel isotope
GO TO CARD 318.0
317.1 XNBET(1,1,1), 6E12.4 values of the (v Bl) “~r the first fuel isotope

.

I=1,NI

and the first energyggroup (2=1, g=1)




317.NGM XNBET(1,1,NGM), 6E12.4 card 316.1 has to be repeated NGM times, {.e. for
. I=1,NI each energy group
cards 316.1 > 316.NGM have to be repeated NL times,
i.e. for each fuel isotope
317 ,NGM*NL | XNBET (I ,NL ,NGM), 6E12.4
I=1,N1
d
318.0 CHID(NGM) 6E12.4 delayed neutron fission spectrum xg
IF IROD = 0 GO TO CARD 322.0
319.0 ROD 2A8 = 'HbUSHCONTR.DRODSDH!
IF IROD < 0 GO TO CARD 321.1
320.1 NROD 14,5E12.4 | number of the first movi. - control rod
. FO coefficients characterizing the driving function
. 1 related to control rod movement :
. F2
. TS the rod insertion X {s supposed to vary with the
. oy time T as :
X =X0 for T < TS
X = XO*(FO+FL*(T~TS)+F2*(T-TS)?)
for IS < T < TF
where X0 is the i{nitial insertion
320, IROD I4,5E12.4 | card 319.1 has to be repeated IROD times, {.e.
for each moving control rod
GO TO CARD 322.0
321.1 NCOM 214,5E12,4 | number of the composition for which a mixture is
submitted to a driving function number of the
. IMDF mixture submitted to the driving function
. F0
. Fl
. F2 coefficients characterizing the driving fuuction
. 15
. TP
the volume fraction V of mixture IMDF {is supposed
to vary with the time T as :
V=V0for T<TS
V = VOX(FO+F1*(T-TS)+F2%(T-TS)?)
for TS < T < TF
where V0 is the initial volume fraction
(see comment 31)
321.|IROD| 214 ,5E12.4 | card 320.1 has to be repeated lIRODI times, i.e.

for each varying mixture
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322.0

CONVER

2A8

= 'bUSHCONVERGENCED*

IF IEXTR = 0 GO TO CARD 324.0

323.0

EPSA

E12.4

if ICER=Q0, EPSA is the maximum permitted relative
error on the amplitude function- at
the first micro time step in ecch macro
time step

if ICER$0, EPSA is the maximum permitted relative
error on the amplitude functions at the

end of the transient -

(see comment 32)

324.0

EPSF

EPSP

EPSR

3E12.4

convergence criterion on the shape functions at
each Newton-SOR {teration in each macro time step

(see ccarant 33)

convergence criterion on the total reactor power
at the end of each macro time step

convergence criterion on the reactor reactivity
at the end of each macro time step

(see comment 34)

325.0

EDIT

2A8

'bUSHEDITINGbbbbD *

326.0

ICROS

IPRINT

313

0 if no printing of cross-sections
1 if printing of cross-sections

0 if no printing of fluxes and power densities
1 if printing of fluxes and power densities

if NT > 0, the power is printed out NT times in
each macro time step; the fluxes and power densi-
ties are printed out at the end of each macro time
step (1f IPRINT = 1) (NT > 2)

if NT < O, the power, fluxes and power densities
are printed out at the times TPR given on card
32¢.0

if NT = 0, the power is only printed ou: at the
end of each macro time step

IF NT > 0

GO TO CARD 328,0

o

327.0

T
TPR(1),I=1, |NT|

6E12.4

times at which the power, fluxes and power densi-
ties have to be printed out (sec,)

328.0

END

= 'ENDb'
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Comments

1) If g anf g' are the energy gioup numbers of a neutron, respectively

2)

before and after scattering, the number of energy group jumps is

defined by |g—g'| aiid the maximum number of group jumps is the

maximum value of |g—g' .
Any macroscopic cross-section of a mixture m at temperature Tm (see

section 7) is given by :

m m m

T A c
Z: (T) = ):‘;‘ (T )+ fT"‘ (22 4 X9, X9 gp
9 9 mo /T T T2

where x refers to the physical process (fission, absorption,...)
g refers to the energy group
T 1is the reference temperature for mixture m (given by

variable ITK)

zm

CTOT (K,NN, IG,IH) = (T ) for K=1
ﬁ,g' mo
= a for K = 2
?ﬁlg
= for K = 3
')ﬁlg
=c for K = 4
X,9

NN is the mixture number
IG is the energy group number
IH is related to the cross-gsection type
IH = 1 * absorption cross-section = za (capture + fission)
It = 2 * fission cross=-section x number of neutrons generated
per figsion : VL

3
IH = 3 * removal cross-section = L =L + §

L
1
g¥g’ g*g
IH = 4 * inverse of diffusion coefficient in the x(or r) direc-
tion : l/Dx
IH = 5 * inverse of diffusion coefficient in the y(or z) direc-
tion : 1/D
Y

IH = 6 * fission cross-section = 2f



3)

4)

5)
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IH = IHS-L + upscattering cross section from group IG+L to group
IG :
Zgteag
(if g+9>NGM, put 0.0 for the corresponding component of CTOT)
IH = IHS + self scattering cross-section into group IG : zg+q
IH = IHS+L + downscattering cross-section from group IG to group
IG+L : ¢
g-4+g
(if g-g<1, put 0.0 for the corresponding component of CTOT)

For upscattering, L varies from 0 to NGU.

For downscattering, L varies from 0 to NGD.

The maximum value of IH is given by IHM = 7+NGU+NGD.

It is assumed that the prompt fission spectrum is identical for all

the fissionable (fissile + fertile) isotopes.

The fuel mixtures are the mixtures characterized by a type = 'bCOM'
(see card 002.0) and having non zero fission cross-sections. See

also comment 7.

The MAIN and routine MACAS are written in such a manner that the
preprocessing calculations are supposed immediately followed by
static calculations., On the other hand the input module of the code
admits the possibility to provide input data only for the preproces-
sing.

If the user desires to run the preprocessing module in stand alone,
he has two possibilities :

- he modifies the MAIN and routine MACAS to switch off the callings
to the static and dynamic module;

- he runs the code without modification; the preprocessing module
will work normally and the execution will stop afterwards for want
of data for the static module.

In both cases the code will create file IPS, which will be available

for stetic calculations in next runs,



6)

7

8)

9)

66

As explained in section 7, the proprocessing module derived from

MULCOS computes the values of Z° (T_), a~ , b* , &
- X,g mo x,9' %,9° x,9

(7.1) for each mixture, each energy group and each cross-section

in law

type. These values are obtained by interpolation of the macroscopic
cross-sections calculated at 4 temperatures. ITK(NN,K), K=1,4 are
these 4 temperatures for mixture NN. Note that ITK(NN,1l) corresponds

to T .
mo

If many types of fissionable (fissile + fertile) isotopes are present
in the reactor, as it is generally the case, they are characterized
by different fission cross-sections and also by different precursors
families. In order to distinguish these 'fuel' isotopes, it is
necessary to define the mixtures such that a mixture contains only
one type of fuel isotope.

Example : if the fuel is constituted by UO_~PuO., we can define 3

2 2
fuel mixtures :
mixture 1 : U235 - O016
mixture 2 : 0233 - O016
mixture 3 : 0239 - O016

If the 26-group library is condensed into 6 groups for instance,
according to the following scheme : |

1-3, 4-6, 7-7, 8-9, 10-13, 14-26
then the first fine groupe are respectively : 1, 4, 7, 8, 10, 14

and the last fine groups are respectively : 3, 6, 7, 9, 13, 26.
The best few-group condension schemes are proposed pp. 53.

The cross-sections are collapsed according to the following relation-
ship :
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where Xi is the macroscopic cross-section in the ith group of the

26-groups library

Zk is the macroscopic cross-section in the kth collapsed group

Wi is the spectrum value for the ith group

)denotes the sum on the groups of the 26-group library
lek belonging to the kth collapsed group

This collapsing relationship is applied to each isotope in each
composition. The collapsing spectrum Wi then may differ from a

compesition to another one (see ref. pp. 53 below for more details).

10)Two types of steady state problems can be solved :

- the independent source problem, with multigroup sources given for
each composition; possibility of thermohydraulics coupling is not
considered in this case

- the eigenvalue problem, i.e. in absence of independent source,
which is equivalent to the determination of the k value of the

eff

reactor; criticality search (keff = 1) and thermohydraulics

coupling are possible.

11)Two ways of criticality searcn can be applied :
- by control rod insertion, only possible in axisymmetric geometry
and with a maximum of 5 control rods; axisymmetry implies that a
control rod actually represent a cylindrical ring of absorber
which can move vertically
~- by homogeneous poisoning of the coolant for light water reactor

applications (boric acid diluted in water).

12)1f a transient calculation will follow the steady state calculation
(either in the same run or in a next run), it is necessary to deter-
mine the solution of the adjoint probjem and to store the steady

state results on file NFT.



68

13)If a transient calculation will follow the steady state calculation,

the determination of the adjoint fluxes is absolutely necessary.

14)The eigenvalue problem is solved by the iterative power method (with
or without Chebyshev acceleration), whereas the source problem is
solved by the ‘rebalancing' method, which is an iterative method
using the so called 'rebalancing' (or 'driving') factors. See [1]
for more details. For the eigenvalue problem, the uce of Chebyshev

acceleration is recommended.

15)The flux distribution in any energy group is approximated by bili-
near, biquadratic or bicubic polynomials according to the choice of
the user. The accuracy of the results obviously increases with the
polynomial degree, but on the other hand the space memory and the
computation time increase also significantly. The best compromise

generally is obtained with NDG=2.

16)To illustrate the lay-out definition procedure, we give the following

example :
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The left-hind fiqure gives the general configuration of the reactor
with its compositions.
The right-hand figure shows the corresponding finite element mesh
grid with the row and column numbers.
We can construct the reactor lay-out in 3 steps (NMAX = 3)
- we fill in the whole reactor with composition 3, from columns 1
to 9 and from rows 1 to 9;
- we fill in with composition 1 the convex region defined by
columns 1 + 7 and rows 3 *+ 6;
- we end with composition 2 in the convex region defined by

columns 3 + 5 and rows 3 * 6.
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17)The compositions submitted to thermohydraulics feedback are charac-
terized by temperature dependent macroscopic cross-sections. The
temperatures of the mixtures present in these compositions are
determined from the results of the thermohydraulics module. For the
other compositions (i.e. the compositions in regions not considered
by the thermohydraulics module), the mixture temperatures are the

reference temperatures ITK.

18)The control zone related to a control rod is defined as the region in
which the rod can move (either for criticality search in steady state

or for reactivity insertion in transient).

19)A control rod may be not used for criticality search state, but it
can move during transient situations. It is then necessary to define

its characteristics.

20)The coolant (water) can be present in several compositions. In each
of these compositions, it is necessary to declare at least one
mixture as 'coolant' mixture through the TYPE variable (see input
data for preprocessing).
The dilution of poison in the coolant is defined as the ratio of the

poison volume fraction to the coolant volume fraction.

21)In steady state the fission term of the diffusion equation in group g

is given by :

S(lﬁ)x S(v:) SSB’LCUS(\)Z) O
_S[- - S L 4,i 5 )
B (1 Bl)xl,q * i By xl,g} pr v Zf)g' gt

L

d,i _ _p
Xlrg - xgrg .
spectra are identical, the factor in brackets reduces to ¥

If for any i, i.e. if the prompt and delayed fission

P
2,9

data on delayed neutrons are not necessary to calculate the fission

and

term,
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22)For source problems, thermohydraulics coupling is not considered and

the reactor ke is not calculated (k has no physical sense in

ff eff
this case). Then put EPSK=EPSKT=EPSKC = 0.0.

The iterative procedure for the calculation of the solution is
stopped when the maximum relative variation of the fluxes between 2

successive iterations is less then EPSF.

For eigenvalue problems, the steady state solution is calculated by
the power iterative method (with or without Chebyshev acceleration)
for each reactor poisoning and each temperature distribution,

i i s (k
At each power iteration, lower and upper bounds ( min’ kmax) for the

reactor ke are computed and the iterations are stopped when

ff

) -
eff “min’ kmax keff
The iterations on thermohydraulics feedback (if any) are stopped when

max (k ) is less than EPSK.

the absolute variation (in modulus) of kef‘ between 2 successive
iterations is less than EPSKT and the criticality search iterations

(i ¥ any) are stopped when Ikeff-lf is less than EPSKC.

23)The abscissa of the IFLUX points in each direction are uniformly
reparted in each finite element. There are thus (IFLUX)? prin:ing

points in each element.

24)When neutronics is coupled with a thermohydraulics model (ITFLUX #
0), the transient conditions can be characterized by a decrease of
the coolant mass flow rate (LOF accident for LMFBR, LOCA for LWR),

which is in the present case represented by an exponential law :

where TLOF ig the time constant of the flow rate decrease.

This law is utilized by the simplified model for the power prediction
called by neutronics at the beginning of each macro time step.

Put TLOF = 0.0, if decrease of coolant mass flow rate is not consi-

dered.
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25)Maximum accuracy is obtained with INTERP=1 and minimum accuracy with
INTERP=3.
Option INTERP=2 practically gives as much accuracy as option
INTERP=1; moreover with INTERP=2 it is not necessary to specify a
secund interpolation mode (see card 312.0).

26)If error control for the amplitude function calculation and/or
automatical control of micro time step are asked, use of
Burlish-Stoer extrapolation technique is obligatory. Moreover more

than 1 Newton-SOR iterations are necessary (see card 309.0 or 311.0).
27)The sum of the macro time steps may not be less than TMAX.

28)When automatical control of micro time step is asked, it is necessary
to specify the number of micro time steps at the first Newton-SOR
iteration in each macro time step and the micro time step size
eventually will be modified by the code for the next Newton~SOR
iterations. If automatical control is not askéd, the number of micro
time steps at the second and next Newton-SOR iterations is the value

taken at the first iteration.

29)This criterior for the determination of the macro time step is us>A4
by the simplified point-kinetics model for the prediction of the
power at the end of the macro time step.
IfP, P

0 1
at the end of the macro time step, the ratio Pl/Po (if P

respectively denote the reactor power at the beginning and
1 > Po) or
the ratio PO/Pl (if Pl < Po) must be less than RPOM.

L L
30)In some cases, instead of theB i values, the values of (vz si)g are
2
furnished. The code computes then equivalent Bi values by means of

the following formula :

p . * - [} - -
. g o reactor xg ¢g(r,0)(v2 Bi)g' ng, Wg,(r,O)dr
it s P o 3,000 %) , ¥  (F,0dF

g g reactor xg g’ f'g' g'’

where Vg(;,o) is the shape function in group g at the initial time

¢;(;,0) is the steady state adjoint f£lux in group g
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31)wWhen more than one mixture are submitted to a driving function in the
same composition, it is necessary to define a driving function for
each of these mixtures.

Note that the number of driving functions is limited to 10.

32)If tle error control on the amplitude functions is not asked
(ICER=0), the value of EPSA at the second and next Newton-SOR itera-

tions is the same as at the first iteration.

33)At each macro time step and at each Newton-SOR iteration, the shape
functions are computed by means of an iterative method using pseudo-
eigenvalues [1]. The iterative scheme is stopped when the maximum
relative variation of the shape functions between 2 successive
iterations is less than EPSF,
If convergence is not reached after 30 iterations, the execution is

stopped and an error message is printed out.

34)The Newton-SOR iterations at each macro time step are stopped when
the relative variations of the reactor power and the reactivity
respectively are less than EPSP and EPSR.
The number of iterations is limited to NEWMAX (see card 309.0 or

311.0); if convergence is not reached, the execution goes on.



13, FILE SPECIFICATIONS

Formatted files

File number Type

3 sequential~temporary

50 sequential~-temporary

73

Utilization | Record length (bytes)
80
P 80




Binarv files
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File number Type Utilization |Record lenath (bytes)
sequential-temporary S 8*LBAND*LBAND
4 sequential-temporary S 8*LBAND*LBAND
13 sequential~temporary S 8*NPAR
14 sequential-temporary s D 8*LBAND
15 sequertial-temporary S 8*MIN (LBAND, LCOMP)
16 sequential-temporary S 8*NPAR
17 sequential-temporary S D 8*NPAR for static
calculations
8*NCP for dynamic
calculations
18 sequential~temporary S 8*NPAR
19 sequential-~temporary S D 8*NPAR for static cal-
culations
8* (NCP+1) for dyna-
mic calculations
25 sequential~temporary ] 8*NDP
29 sequential~temporary S 8*NPAR for static
calculations
8*NCP for dynamic
calculations
31 sequential~temporary S D 8*MAX (52,NFR,NFZ,
NDP,MT*NGM, MTT*ML)
32 sequential~temporary S D 8*MAX (500 ,NCP,NDP)
(or permanent)
33 direct access-temporary D 8*LONG
37 direct access-temporary D 8*NPAR
41 direct access-temporary D 8%NPAR
42 direct access-temporary D 8*NPAR
45 sequential-permanent P s 4*MAX (2*NGM, L+3+ML,,
22)
46 sequential-temporary S D idem
47 sequential-temporary D idem
(or permanent)




with LBAND = NDG*LR+NDG+1

LR = 1+NDG* {NR-1)

LZ = 1+NDG*(N2-1)

NPAR = LR*LZ
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LCOMP = (NDG+1)32 + (NDG) 32

NDP
NCP

(NDG+1)2 * (NR-1) * (NZ-1)

14+NI*NL

LONG = length in words of the virtual buffer of file 33 (= 1625)

where NR
N2Z
NDG

NI

NF2

MT
MTT
ML
NGM

is the number
is the number
is the degree
2 or 3)

is the number
is the number
is the number

of mesh nodes along the x(or r) axis
of mesh nodes along the y(or z) axis

of the interpolation basis functions (= 1,

of precursor families
of fuel isotopes (mixtures)

of abscissa along the x(or r) axis where

the fluxes are to be edited

is the number

of abscissa along the y(or z) axis where

the fluxes are to be edited

is the number
is the number
is the number
is the number

IBTOT is the number

of compositions + IBTOT (< 35)

of thermal compositions (< (NR-1)*(NZ-1))
of mixtures (< 30)

of energy groups

of control rods

- In the column ’'utilization', P means that the file is used during

the preprocessing calculations

S means that the file is used during
the static calculations

D means that the file is used during

the dynamic calculations

- Note that - file NCPL=25 is not used if neutronics is not coupled

- file NFT=31

with thermohydraulics
is not used if the static calculations
are not followed by dynamic calculations

(in the same or next run)

- files 32 and 47 must be permanent if a RESTART

procedure is foreseen,
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- The values of the record lengths given hereabove are minimum

values insuring the normal execution of the I/0 operations.

- The other file specifications like the blocksize, the record
format, the space, etc. can be freely defined by the user, pro-
vided that the file specifications rules are respected, e.qg.
variz'le-length records for unformatted sequential files, fixed-
length unblocked records (with BLXSIZE=LRECL) for direct-access

files.

-~ The data set of file 33 has direct organization, so that one can

put in the DCB parameter DSORG=DA.

- Por the direct accesc files, it is necessary to update the para-
meters of the FORTRAN 'OPEN' stateme.:its accordingly with the

corresponding file specifications.

- Complementary informations about the I/O devices can be found in

appendix 2,

As illustration we give hereunder the data set statements corres-

ponding to the sample problem proposed in the last section.
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//GO.FTO3FOOf DD UNIT=,YSDA,DISF=NEW, SFACE=(CYL, (2,1)),

7/ DCB=(RECFM=FB,L RECL=860, BLKSIZE=800, BUFNO=1)

//GO.FTO4AF0O1 DD UNIT=SYSDA,DISF=(NEW,DELETE),SFACE=(CYL, (20,2)),
// DCB=(RECFM=VBS ,LRECL=3528 ,BLKSIZE=14116, BUFNO=1)
//GO.FT13F901 DD UNIT=SYSDA,DISF=(NEW, DELETE) , SFACE=(CYL,(9,1)),
/7/ DCB=(RECFM=VBS ,LRECL=936, BLKSIZE=5620, BUFNO=1)

//GO.FT14F901 DD UNIT=SYSDA,DISF=(NEW,DELETE),SFACE=(CYL., (20,2)),
/7/ DCB=(RECFM=VBS,LRECL=168, BLKSIZE=1012, BUFNO=1)

//GO.FTiI5F901 DD UNIT=SYSDA,DISF=(NEW,DELETE),SFACE=(CYL, (20,2)),
/7/ DCB=(RECFM=VBS,LRECL=104, BLKSIZE=628, BUFNO=1)

//GO.FT16F901 DD UNIT=SYSDA,DISF=(NEW,DELETE), SFACE=(CYL, (20,2)),
/7/ DCB=(RECFM=VBS ,LRECL=936, BLKSIZE=5620, BUFNO=1)

//GO.FTI7FO01f DD UNIT=SYSDA,DTSF=(NEW,DELETE),SPACE=(CYL, (9,1)),
7/ DCB=(RECFM=VBS,LRECL=936, BLKSIZE=5620, BUFNO=1)

//GO.FT18F001 DD UNIT=SYSDA,DISF=(NEW,DELETE),SFACE=(CYL,(9,1)),
7/ DCB=(RECFM=VBS,LRECL=936, BLKSIZE=5620, BUFNO=1)

//GO.FTI9F001 DD UNIT=SYSDA,DISP=(NEW,DELETE),SFACE=(CYL, (9,1)),
// DCB=(RECFM=VBS,LRECL=936, BLKSIZE=5620, BUFNO=1)

//GO.FT25F001 DD UNIT=SYSDA,DISF=(NEMW,DELETE),SFACE=(CYL, (9,1)),
// DCB=(RECFM=VBS,LRECL=1736 ,BLKSIZE=1740, BUFNO=1)
//GO.FT29F001 DD UNIT=SYSDA,DISF=(NEW,DELETE) ,SFACE=(CYL,(9,1)),
// DCB=(RECFM=VBY ,LRECL=936, BLKSIZE=5620, BUFNO=1)

//GO.FT31F001 DD DSN=L.TESTPF.BEN2D.SHAFA,DISP=(NEW,KEEF),UNIT=DISKS0,
7/ VOL=SER=TESTO2, SPACE=(CYL, (1, 1)),

7/ DCB=(RECFM=VES ,LRECL=1728, BLKSIZE=1732)

//GO.FT32F00f DD DSN=L.TESTPF.BEN2D.RESTA,DISP=(NEW,KEEF),UNIT=DISK50,
/7/ VOL=SER=TEST02, SFACE=(CYL, (9,1)),

// DCB=(RECFM=VBS ,LRECL=4000, BLKSIZE=8004, BUFNO=1)

//GO.FT33F001 DD UNIT=SYSDA, SPACE=(13000,190),

7/ DCE=(DSORG=DA,RECFM=F , BLKSIZE=13000)

//GO.FT37FO001 DD UNIT=SYSDA,DISF=NEW,SPACE=(3344, (76,1)),

// DCB=(RECFM=F ,LRECL=936,BLKSIZE=5620, BUFNO=1)

//GO.FTA1FOO1 DD UNIT=SYSDA,DISF=NEW, SFACE=(3344, (36,1)),

7/ DCB=(RECFM=F , LRECL=936,BLKSIZE=5620, BUFNN-1{)

//GO.FTA2FO001 DD UNIT=SYSDA,DISP=NEW,SFACE=(3344, (20,1)),

7/ DCB=(RECFM=F , LRECL=936, BLKSIZE=5620, BUFNO=1)

//GO.FT4A5F001 DD UNIT=DISKSO,VOL=SER=TESTO2,DISP=(NEW,KEEFP),

// DSN=L . TESTFF .BEN2D.PREFPA, SPACE={CYL, (1,1)),

// DCE=(RECFM=VBS,LRECL=96, BLKSIZE=100)

//GO.FTA46F00f DD UNIT=DISK50,VOL=SER=TESTO2,DISFP=(NEW,KEEFP),

7/ DSN=L . TESTPF .BEN2D.DYNAA, SPACE=(CYL, (1,1)),

// DCE=(RECFM=VBS,LRECL=88,BLKSIZE=92)

//GA.FT47FO01 DD DSN=L.TESTPF.BEN2D.FRDYN,DISF=(NEW,KEEF),UNIT=DISK50,
// VOL=SER=TESTO2,SFACE=(CYL, ({,1)),

// DCB=(RECFM=VES ,LRECL=88, BLKSIZE=92, BUFNO=1)

//GO.FT59FD01f DD UNIT=SYSDA,DISP=NEW, SPACE=(CYL,(2,1)),

// DCB=(RECFM=Fb, LRECL=80, BLKS1ZZ=809)

Data set statements corresponding to the sample problem
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/7/GO.FTO7F001 DD DSN=F.CNMOPF .KFKNAP.FILEO7,DISP=SHR, DCE=BUFNO=1,
7/ UNIT=DISK33, VOL=SER=CIEMOL

//GO.FTO8F001 DD DSN=F.CNMOPF.KFKNAF.FILEO8,DISP=SHR, DCB=BUFNO=1,
7/ UNIT=DISK33, VOL=SER=CIEMOL

//GO.FTO9F001 DD DSN=F.CNMOPF.KFKNAF.FILEOY,DISP=SHR, DCE=RUFNO=1,
// UNIT=DISK33, VOL=SER=CIEMOL

/7/GO.FT10F001 DD DSN=F.CNMOPF .KFKNAF.FILE{O,DISF=SHK, DCE=BUFNO=1,
7/ UNIT=DISK33, VOL=SER=CIEMOL

//GO.FT{1FOO01 DD UNIT=SYSDA,DISFP=NEW, SPACE=(3620,(160,1)),

144 DCB=(RECFM=F ,LRECL=3620,BLKSIZE=3620, BUFNO=1)

//GO.FT{2F001 DD UNIT=SYSDA,DISP=NEW, SPACE=(604, (81,1)),

7/ DCB=(RECFM=F ,LRECL=604, BLKSIZE=4604, BUFNO=1)

//GO.FT22F001 DD UNIT=SYSDA,DISF=NEW,SPACE=(2000,(905,1)),

7/ DCE=(RECFM=F , LRECL=2000, BLKSIZE=2000, BUFNO=1)

//GO.FT28F001 DD UNIT=SYSDA,DISP=NEW, SPACE=(648,(960,1)),

7/ DCB=(RECFM=F ,LRECL=648, BLKSIZE=648, BUFNO=1)

Data set statements needed for the files used by the preprocessing module
derived by MULCOS.
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14, OVERLAY STRUCTURE

In order to reduce :he main storage requirements of the code, it can
be usefull to load the routines in overlay structure.

The general chart of this overlay structure is exhibited in fiqure
14.1.

The statements related to the overlay structure are given in
table 14.1. In this table the thermohydraulics routines are those
corresponding to the simplified thermohydraulics module provided with
CASSANDRE,



Figure 14.1

MAIN,CLOCK ,EXM, FW46, IDINIT,

MOVLEV ,0PENMS , SMAC , UEXP
A
I 1
DATIN,INPUTD | THERMO +
RW,TRERR MACAS

outines of thermohydraulic

[ 1 1
INCOMP , PRINC1 , SAVGFL, ADPOW, BUFFER , CALCOF , CALINT, CANDER , CHSKYB , GNP, F45,PRINC2
SBUCOM, SBURLI , SFACT , SMACR, COMCRO,CROS 2D ,EIGVAL , FEMAL'3 , FINTER , FLUX2D,
MACST , SPICMI FR46 ,GAUSS , INTAB , INDADI , TWDAF ,KINCOE , LAYNEW,
1.AYO, LAYOU ,PINT1, PINT2, PINT3, PRICO2,, PRODT® , PVAR, RETRO,
RNU, SHAPE , SPACE , SPL , SPLINT , SPLRZ , SRID , TEFEED , TRANOU,
WATT,WTIT,XX,YSART
| I | | 1 1
CRIPAT ,HIGNEW , INRZ lenss ,BLEAK ,BLNCE, RME ,KINV KM, INTER,CROSS , INTI, BETAIL,PR1,RAU,| LI,EXTRAB,
PRICOM, PRITER, SPACIN BSCATT , BSOUR ,DISFLU, 2MNH , TSOUR , XLQ& CON , POWPRE , PRIWAT, EE_AEl,smpm TK,F1J ,MICRO,
IDvanc,souncs,so DNEW, SHACOE THZ , SEQFIL , VEPROD

08
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ENTRY MAIN

INSERT
INSERT
INSERT

MAIN,FW46,MOVLEV, IDINIT
OPENMS , UEXF , EXM, SMAF
ICLOCK, CLOCK '

OVERLAY A

INSERT

THERMO, NEACF® , QFOW

GVERLAY A

INSERT
INSERT

INPUTD
TRERR, DATIN, RW

OVERLAY A

INSERT

MACAS

OVERLAY B

INSERT
INSERT

PRINCY , SBUCOM, SBURLI, INCOMF
SAVGFL , SFICMI, SFACT, SMACR, SMACSI

OVERLAY B

INSERT

FRINC2,F45

OVERLAY E

INSERT
INSERT
INSERT
INSERT
INSERT
INSERT
INSERT

INTAE, CALCOF , SFLINT, SFL, GAUSS, TEFEED
FVAR, SFLRZ, FEMAT3,FRODTZ,WTIT, ADFOW
CHSKYB, BUFFER, CROS2D, COMCRO, PRICO2, FLUX2D
FR46,LAYNEW, SRID,CNF,WATT, YSART

SHAFE, SFACE, EIGVAL , RNU, CALINT, XX
IWDADI,CANDER, IWDAF ,LAYO,LAYOU, PINT3
PINT{,PINT2,KINCOE,RETRO,FINTER, TRANCU

OVERLAY C

INSERT
INSERT

FRITER,HIGNEW
FRICOM,CRIFAT,SFACIN, INRZ

OVERLAY C

INSERT
INSERT

DISFLU, SOURCE, SOURMX, DRVING
BLNCE ,BFISS, ESCATT, BLEAK , BSOUR

OVERLAY C

INSERT

KM, S2MNH, TSOUR, KINV, FORME , XLQR4

OVERLAY C

INSERT
INSERT

CROSS, RODNEW, MACON, FPLWFPRE , FRIWAT
INTI,AINTER, SHACOE

OVERLAY C

INSERT

SHAFPIN,PR1,BETAIL,RAU,READY

OVERLAY C

INSERT
INSERT

AMFLI ,EXTRAE, VEFROD
GETK, SEQFIL,FIJ, MICRO,RATHZ

TABLE {4.1.
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15. TIMER ROUTINE

A timer routine CLOCK is used by the code CASSANDRE in several places
to provide informations about the CPU time. This timer is not
necessary for the calculations and it may be remwoved of replaced by

an equivalent routine.

Routine CLOCK is an assembler language routine of the IBM system used

at C.E.N./S.C.K. Mol. The CPU time is obtained by the following
statement :

CALL CLOCK (ITIME)

where ITIME is the CPU time (expressed in hundredth parts of second)

since the previous calling to CLOCK.
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16. ERROR MESSAGES

A list of error messages printed by CASSANDRE in case of abnormal

execution is given hereafter with :

- a code number for each error
- the message text printed by the code

- a brief description of the diagnosis of the error detected by the

code

- the action to be undertaken to correct the error.

Excepted for error n°® 6, any error detection interrupts the job

execution.



Error number

10

Message text

no correspondance of names in file
IPS or IPSM

no correspondance of ML ,MT,NGM or
IHM in flle IPS or 1IPSM

criticality search incompatible
with source problem

cricvicality search by control rod inser-
tion and thermohydraulics coupling not
possible in x-y geometry

source problem may not be followed

by dynamic calculations

adjoint flux calculation is not possible
for source problem
Attention ! TADIR put equal to 1

adjoint flux calculation 18 necessary
for transient

control rod(s) not defined for criti-
cality search

thermal compositions not correctly
defined

polson not found for criticality search

Diagnosias

error of file IPS for steady state or
error of file IPSM for transient

idem

the user has put simultan:zously ICRIT¥0
and TPROB=1 in the input data

the user has put simultaneously NG=0
and ICRIT>0 and (or) ITFLUX¥$0

the user has put simultaneously
ISTEAD#0 and IPROB=1 in the input data

the user has put simultaneously IADIR=2
and IPROB=1 in the input data

the user has put simultaneously IADIR=1
and ISTEAD#0 in the input data

the user has put simultaneocusly ICRIT>0
and IBTOT=0 in the input data

error in the definition of the composi-
tions coupled with thermohydraulics : one
or many compositions do not contain fuel
mixture

the mixture defined as poison for criti-
cality search is not found in one or many

compositicns to be poisoned

Action

check file IPS (in steady state)
or file IPSM (in transient)

idem

put ICRIT=0 or IPROB=2

check the value of NGj 1f cartesian
geometry (NG=0) is really used, then
put ICRIT<O and(or) ITFLUX=0

check the value of IPROB; if source
problem (IPROB=1) is really used,
than put ISTEAD=(Q

the code put automatically YADIR
to 1 and the calculations go on

if static calculations will be fol-
lowed by dynamic calculations, put
IADIR=2; if not, put ISTEAD=0

if criticality search by control rod
insertion is really asked (ICRIT>0),
put IBTOT¥0; 1f not,change ICRIT

check the numbers of the compositions
coupled with thermohydraulics

check the number of poison mixture
(=-ICRIT) or the numbers of the com-

positions to be poisoned

4]



11

1?2

13

14

15

16

17

18

19

coolant not found in poisoned composition

poison not homogeneous in the coolant

more than " compositions are found in a
control rod zone

control material not found in a control
rod zone

inverted control rod

no moving control rod for criticality
search

criticality {s not possible

incorrect fuel mixture

movement of control rod and thermo-
hydraulics coupling not possible in
x-y geometry

one or many poisoned compositions for
criticality search do not contain any
coolant mixture

the dilution fraction of poison in the
coolant varies from a composition to
another one

the control rod zone(s) is(are) not well
defined

the cowposition defined as the control
composition 1s not found in a control
rod zone

the control material are located in the
lower region of the control rod zone(s)

criticality search 1s not possible be-
cause all the control rods are defined
as fixed

the control rod insertion(s) or the di
lution fraction of peison in the coolant
exceeds the maximum permitted value(s)
to reach criticality

a mixture of a composition is defined as
fuel mixture, but it does not belong to
the set of fuel isotopes

the user has put simultaneously NG=0 and
IROD>0 and(or) ITFLUX$0

check the poisoned compositions used
for criticality search by poisoning
of the coolant

check the dilution fraction of poison
in the poisoned compositions used for
criticality search by poisoning of the
coolant

check the compositions in the control
rod zone(s)

check the compositions in the control
rod zone(s) or the number of the control
composition

{idem

define at least one control rod as
moving red

modify the control material parameters
or the reactor composition

check the fuel mixtures in the compo-
sitions of the set of fuel isotopes

check the value of NG; if cartesian
geometry is -eally used, then put
TIROD and(or) ITFLUX=0

$8



20

21

22

23

2%

25

automatic micro time step control and
error control for amnlitude functions
not possible without Burlish-Stoer
extrapolation

error control for amplitude functions
not possible with only one Newton-SOR
iteration

control rod out of range

abnormal convergence for Kagonove's
method

abnormal convergence of generalized
Newton method for pscudo-eigenvalue
calculation

no correspondance of NPAR, NL or NGM
in file NFO

no convergence for initial estimate
of dominant eigenvalue

the user has put simultaneously IEXTR=0
and ICER and(or) ICMP$0

the user has put simultaneously ICER$0
and NEWMAX or NEWT(K)=1

a control rod is moved outside its zcne

convergence for power prediction with
Kagonove's method is not reached after
20 iterations

convergence for pseudo-eigenvalue with
generalized Newton method 1s not reached
after 30 iterations

error in file NFO

convergence for initial estimate of domi-
nant eigenvalue is not reached after 50
iterations

put IEXTR=0, ICER=ICMP=0 or
IEXTR=1 and ICER and{or) ICMP¥0

put ICER=0 or increase the value of
maximum number of Newton-SOR itera-
tions (NEWMAX or NEWT(K), K=1, MACMAX)

modify the driving functions for the
control rod(s)

increase the maximum number of itera-
tions in routine POWPRE (fixed to 20)
or decrease the micro and(or) macro
time step values

increase the maximum number of itera-
tiona in routine FORME (fixed to 30) or
increase the convergence criterion on
the snape functions at each Newton-SOR
iteration in each macrostep (EPSF) (see
input data) or decrease the macro time
step values

check file NFO

increase the maximum number of itera-

tions for the calculation of the first
estinate of the fundamental eigenvalue
(fixes to 50) in routine EIGVAL

or increase Ege convergence criterion

(fixed to 10 ") in routine EIGVAL
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28

29

30

31

32

33

no convergence for calculation of
dominant eigenvalue

no convergence {n function RNU

GAUSS detected an 111 matrix

non positive definite matrix for

Cholesky's method

asked record out of range in file NFO

volume fraction out of range

variable mixture not found

no fuel isotopes

convergence for the calculation of the
dominant eigenvalue is not reached after
50 iterations

convergence of the iterative process in
function RNU 13 not reached after S50
iterations

the coefficient matrix of the linear sys-
tem solved in routine GAUSS is not well
conditioned

the coefficient matrix of the linear sys-
tem solved in routine CHSKYB is non posi-
tive definite

a record read on the direct access device
NFO 13 not correctly addressed

the volume fraction of a variable mixture
governed by a driving function 1is
<O0Oor >1

the mixture of which the volume fraction
is imposed to vary according to a driving
function is not found in the associated
composition

none mixture has been declared as fuel
isotope

increase the maximum number of itera-
tions for the calculation of the funda-
mental eigenvalue (fixed to 50) in rou-
tine EIGVAL

or increase tge convergence:-criterion
(fixed to 10 ) in routine EIGVAL
increase the maximum number of iterations
(fixed to 50) or 1ncregge the convergence
criterion (fixed to 10 ) in function RNU
many causes are possible : investigate

more deeply the reason of failure

check the finite element mesh grid and
the cross-gsection values

check file NFO

modify the corresponding driving function

check the specifications of the variable
mixtures

introduce fuel isotopes
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101

102

103

104

105

106

107

108

109

110

card

card

card

card

card

card

card

card

card

card

'END' expected

'ENDPM' expected

'ENDPC *expected

'FEWGRP' or ‘'LIBRARY' expected

'ENDP'* expected

'SS GENERALITIES' expected

'SS GEOMETRY' expected

'SS LAY OUT' expected

'SS CONTR.RODS' expected

'SS POISON' expected

the last card cf the input data set is
not card 'END'

error in input data before card 'ENDPM'
in the preprocessing

error in input data between caids 'ENDPM'
and 'ENDPC' in the preprocessing

error in input data between cards 'ENDPC’
and 'FEWGRP' or 'LIBRARY' in the prepro-
cessing

error in input data between cards 'FEWGRP'
or 'LIBRARY' and 'ENDP' in the preproces-
sing 1f NREAD=1

or error in input data of the equivalent
preprocessing 1f NREAD=0

error in input data before beginning of
steady state data

error in input data-between cards
'SS GENERALITIES' and 'SS GEOMETRY'

error in input data between cards
'SS GEOMETRY' and 'SS LAY OUT'

error in input data between cards
'SS LAY OUT' and 'SS CONTR.RODS'

error in input data between cards
'SS LAY OUT' or 'SS CONTR.RODS' and
'SS POISON'

check the input data after card
'US EDITING'

check the input data before card
'ENDPM!

check the input data between cards
'ENDPM' and 'ENDPC'

check the input data becween cards
'ENDPC' and 'FEWGRP' or 'LIBRARY'

check the input data between cards
'FEWGRP' or 'LIBRARY' and 'ENDP' 1if
NREAD=1

or check the input data of the equi-
valent preprocessing 1f NREAD=0

check the input data before beginning
of steady state data

check the input data between cards
*SS GENERALITIES' and ‘SS GEOMETRY'

check the input data between cards
'SS GEOMETRY' and 'SS LAY OUT'

check the input data between cards
'SS LAY OUT' and 'SS CONTR,RODS'

check the input data between cards
'SS LAY OUT' or 'SS CONTR.RODS' and
'SS POISON'
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111

112

113

114

115

116

117

118

119

121

card

card

card

card

card

card

card

card

card

card

card

'SS

'ss

'Ss

'SS

'SS

‘us

s

'us

'us

'us

'Us

NUCLEAR' expected

CONVERGENCE' expected

ENERGY' expected

EDITING' expected

END' expected

GENERALITIES' expected

TIME INTEG' expected

NUCLEAR' expected

CONTR.RODS' expected

CONVERGENCE' expected

EDITING' expected

ervor in input data between cards
'SS LAY OUT' or 'SS CONTR.RODS' or
'SS NUCLEAR!

error in Input data batween cards
'SS NUCLEAR' and 'SS CONVERGENCE'

error in input data between cards
'SS CONVERGENCE' and 'SS ENERGY'

error in input data between cards
'SS ENERGY' and 'SS EDITING'

error in input data between cards
'SS EDITING' and 'SS END'

error in input data before beginning
of unsteady state data

error in input data between cards
'US GENERALITIES' and 'US TIME INTEG'

error in input data between cards
'US TIME INTEG' and 'US NUCLEAR®

error in input data between cards
'US NUCLEAR' and 'US CONTR.RODS'

error In input data between cards
'US NUCLEAR' or 'US CONTR.RODS' and
'US CONVERGENCE'

error in input data between cards
'US CONVERGENCE' and 'US EDITING'

check the input data between cards
'SS LAY OUT' or 'SS CONTR.RODS' and
'SS NUCLEAR'

check the input data between cards
'SS NUCLEAR' and 'SS CONVERGENCE'

check the input data between cards
'SS CONVERGENCE' and 'SS ENERGY'

check the input data between cards
'SS ENERGY' and 'SS EDITING'

check the input data between cards
'SS EDITING' and 'SS END'

check the input data before beginning
of unsteady state data

check the input data between cards
'US GENERALITIES' and *‘US TIME INTEG'

check the input data between cards
'US TIME INTEG' and 'US NUCLEAR'

check the input data between cards
'US NUCLEAR' and 'US CONTR.RODS'

check the input data between cards
'US NUCLEAR' or 'US CONTR.RODS'
and 'US CONVERGENCE'

check the input data between cards
'US CONVERGENCE® and 'US EDITING'
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Error number

201

202

203

204

205

206

207

number
vector

vector

number
vector

number
vector

number

ERRORS RELATED TO THE DYNAMIC ALLOCATION

Message text

of allocated components for
'XNAM' 15 1illegal

'XNAM' yet created

of vector exceeds 'NIDX' with
*KNAM'

of allocated components in
A exceeds 'IL' with vector 'XNAM'

of deleted vectors is 1llegal

dynamic allocation vector is empty;

vector

vector

'*XNAM®* does not exist

'XNAM' not yet created

Diagnosis

the number of components of vector
XNAM is < O

the program tries to create a vector
XNAM previously created

when vector XNAM is created, the number
of vectors in the dynamic allocation
vector A exceeds the maximum permitted
value NIDX

when vector XNAM 1s created, the number
of components allocated in the dynamic
allocation vector A exceeds the dinension
IL of vector A

the number of deleted vectors in the dyna-
mic allocation vector A is < O or larger
than the number of vectors existing in
vector A

the program tries to delete or to locate
vector XNAM in the dynamic allocation

vector A, which 1is empty

the program tries to delete or to locate
vector XNAM which does not exist in the
dynamic allocation vector A

Action

correct the value oi the number of compo-
nents N of vector XNAM in IDLOC (N,'XNAM')

suppress the exceeding statement
IDLOC(N, ‘'XNAM')

increase the value of NIDX ia the dvnamic
allocation routine IDINIT

increase the value of IL in the MAIN of
the code

correct the value of the number of deleted
vectors M in IDSHOR(M)

srppress the exceeding statement
IDKILL('XNAM') or ID('XNAM')

suppress the exceeding statement
IDKILL('XNAM') or ID{'XNAM') or create
at the right place vector XNAM by
IDLOC(N, 'XNAM')
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Error number

301

302

304

305

306

307

308

309

310

ERRORS RELATED TO THE PREPROCESSING DERIVED FROM MULCOS

Message text

too many mixtures

mixture title not found

mixture number out of range

mixtur= n® NX was already defined

too many isotopes in mixture n® NX

mixture n°® NX is not defined

error in mixture data

too mauy compositions

title "xooxxxx' is not correct

numbe~ of energy groups for multigroup
library may not exceed 40

Diagnosis

the number of mixtures is > 30

error in the mixture definition

cards 101.1 —»101.NIS+2 for one mixture
at least

a mixture has an incorrect number
repetition of the input data cards for
the definition of mixture n® NX or
incorrect mixture number

mixture n°® NX contains more than 30 iso-
topes

the input data for the definition of

mixture n°® NX were not provided

card 102.0 was not found

the number of compositions is > 30

error in the title of card 108.0 or
error in the composition definition
cards 103.0 105.0 or error for the
fuel isotopes

the number of energy groups is > 40

Action
reduce the number of isotopes
check the input data for the mixture
definition
check the mixture numbers
check the input data for the definition

of mixture n°® NX

modify the mixture definition in order
to respect the limitation of 30 iso-
topes for each wixture

add or correct the input data for the
definition of mixture n® NX

add card 102.0 or correct the inpuc
data for the mixture definition

reduce the number of compositions

correct the title of card 108.0 or
check cards 103.0-—+ 107.0

check the value of the number of energy
groups or reduce it if necessary

16



il

312

313

314

315

3leé

17

318

319

number of lsotopes for multigroup
library may not exceed 40

number of collapsing spectra out of

range

composition n® NX is not defined

1sotope 'xxaxxxxx' of composition n® NX
not found in the library

isotope 'xxxxxxxx' of composition n° NX
not found in the list of isotopes glven

for collapsing

aixture n® NX not found

mixture n® KX not correctly defined
1sotope 'wxaxxxxx' of mixture n° NX
not found in the library

isotope ":nuxxxxx' is missing in
composition n® NX

the number of isotopes 1s > 40

the number of collapsing spectra is
<0 or > 30

composition n® NX has been incorrectly
defined in the input data (or has not
been defined)

isotope 'xxxxxxxx' does not exist in
the library

the list of isotopes for collapsing 1s

incorrect

mixture n® NX dves not exist in any
composition

error in the definition of mixture n® NX

isotope 'xxxxxxxx' does not exist in the
library

i{ncompatibility between the definition
of composition n® NX and the definition

of the mixtures of composition n° NX

check the value of the number of iso-
topes or reduce it if necessary

check the value of the number of col-
lapsing spectra or reduce it if neces-
sary

check the input data for the definition
of composition n® NX

check the isotope name 'xxxxxxxx'

check the 1ist of isotopes for collap-
sing (card 113.0)

check the input data for the definition
of the compositions or suppress the
input data for the definition of
mixture n°® NX

check the input data for the definition
of mixture n® NX

check the isotope name 'XXXXXXXX'

check the input data related to the
definition of composition a° NX and
those ones related to the definition
of the mixtures of composition n® NX

6
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17. OPTIONAL PARAMETERS

Efficiency is certainly the main objective of the development of a
numerical code, but also flexibility and easiness of use are very
important. However these two last requirements are not always
compatible, because flexibility implies a broad range of possibili-
ties or options, which can lead to a relatively complexity of the use
of the code. For CASSANDRE, we tried to realize an equilibrium
between these exigences and to produce a computational tool with a
variable degree of sophistication according to the user's wishes.
This degree of sophistication is governed by a certain number of
optional parameters given in input data; by optional parameters we
mean the set of input data characterizing the range of the possibi-
lities offered by the code as well for the numerical aspects as for
the types of problems which can be treated.

In this section we draw up a list of these optional parameters with

short comments on their respective effects.

Parameters related to the problem identification

IPROB

]
=

3teady state problem with an independent multigroup
source
= 2 : eigenvalue value steady state problem, i.e. with
calculation of keff
- NG = 0 : cartesian geometry in the x-y plane
1

axisymmetric geometry

ITFLUX

0 : neutronics is independent on thermohydraulics feedback

neutronics is coupled with a thermohydraulics model

ICRIT = 0 : no criticality search in steady state
> 0 : criticality search in steady state by control rod
insertion
< 0 : criticality search in steady state by homogeneous

poisoning of the coolant (application to LWR)




IBTOT

IADIR

ISTEAD

IROD

3
&

ZOBETA

NGM :

NGU

NEXEC

94

= 0 : control rods are not considered
> 0 : control rods are considered for steady state and/or

transient calculations

]
=
0

only dire :t steady state problem is required

= 2 : direct and adjoint steady state problems are required

= 0 : steady state calculations are not followed by tran-
sient calculations
= 1 : steady state calculations are followed by transient

calculations

0 : transient is not induced by core material movement

0 : transient is induced by control rod movement

o

transient is induced by homogeneous variation of compo-

sition(s)

delayed neutrons are niot considered for steady state

calculations

AN
o

delayed neutrens are taken into account in steady state

[}
1a

. . ')
for transient calculation, the values of the Bi are

given for the delayed neutrons
2
= 2 : for transient calculation, the values of the (vl Bi)g

are given for the delayed neutrons
number of energy groups

0 : no upscattering

0 : upscattering is considered

= 0 : the execution begins by calculations with the equiva-
lent proprccessing module

= 1 : the execution begins by calculations with the preproces-
sing module derived from MULCOS (only for
C.E.N./S.C.K.'s users)

= 2 : the execution begins by steady state calculations

= 3 : the execution begins by transient calculations
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Parameters related to the numerical techniques

- NR, N

ICHEB

- IEXTR

- ICER

Z

INTERP

in moduli, numbers of mesh nodes along the x (or i) axis
and y (or z) axis
> 0 + uniform mesh grid

< 0 + non uniform mesh grid

bilinear polynomials for the flux approximation

: biquadratic polynomials for the flux approximation

.

bicubic polynomials for the flux approximation

: the power method is used in steady state for the
eigenvalue problem
: the power method with Chebyshev acceleration is used in

steady state for the eigenvalue problem

1 : interpolation ¢f the fundamental mode and an arbitrary

mode e-kt for the amplitude functions

0.t -\t

interpolation of mode e and e for the shape

functions
2 : interpolation of the fundamental mode and mode eo't
for the amplitude functions
double interpolation of mode eo't for the shape
functions
. . 0.t e
3 : double interpolation of mode = for the amplitud:

and shape functions

s+ no Burlish-Stoer extrapolation for the amplitude
tunctions calculation
: Burlish~Stoer extrapolation for the amplitude functions

calculation is required

: no error control for the amplitude functious

: error control for the amplitude functions is required
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- ICMP

fl
o

: no automatical control of the micro time step size
# 0 : automatical control of the micro time step size is

required

- ICMAP

n
o

no automatical control of the macro time step size
= 1 : automatical control of the macro time step size is

required

- NEWMAX : maximum number of Newton-SOR iterations

Parameters related to the output

IPRO1

0 : no printing of intermediate results of the preproces-
sing derived f>->m MULCOS
= 1 : printing of in:cermediate results of the preprocessing

derived from MULCOS is required

IPRO2

]
o

no printing of final results of the preprocessing
derived from MULZOS
= 1 : printing of final results of the preprocessing derived

from MULCOS is required

ICROS

n
<

no printing of the cross-sections

= 1 : printing of the cross-sections is required

IPRINT = O : no printing of fluxes and power densities

= 1 : printing of fluxes and power densities is required

IFLUX = 0 : fluxes and power densities are to be printed c¢. given
points
# 0 : fluxes and power densities are to be princed at IFLUX

points per mesh

~ NT = 0 : fluxes and power densities are not printed in transient
0 : the total power is printed NT times in each macro time
step; the fluxes and power densities are printed at the
end of each macro time step
< 0 : the total power, the fluxes and power densities are

printed at given times
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18. CORE MEMORY AND CPU TIME REQUIREMENTS

The core memory required for a given problem depends essentially on
the problem size, i.e. on parameters like the mesh size, the number
" of energy groups and so on,

The presence of a dynamic allocation technique allows to minimize
efficiently this core memory, which can be so divided into 2 contri-
butions : a fixed amount independent on the problem and a variable
amount associated to the dynamic a.location vector A (see appen-
dix 6).

Hence CM = (CM)f + (CM)V where CM is the total core memory
(CM)f is the fixed contribution

(CM)v is the variable contribution

(CM)f = 960 kbytes
(CM)
v

(8 * IL)bytes, where IL is the dimension of the dynamic
allocation vector A.

IL must be specified in the MAIN of the code.

It is very difficult to establish a general relationship between the
dimension IL of A and the values of the parameters characterizing the
problem size. The most practical way is to proceed empirically. 1If
IL is not large enough, an error message will be printed out and it
is necessary then tc increase its value. As iiGication the value
IL = 8000 is sufficient to run the sample problem presented in the

next section.

The CPU time depends not only on the problem size but also on the
transient duration.

As for the core memory it is practically impossible to determine the
necessary CPU time in function of the problem size parameters and the
transient duration. It can only be stated that the CPU time for
transient calculations is approximatively proportional to the tran-
sient duration.

Indicative values are provided by the sample proklem of section 19.
20 sec.

50 sec.

CPU time for preprocessing + steady state : +
+ (on IBM 370/168)

CPU time for transient :
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19, SAMPLE PROBLEM

The present sample problem is a Benchmark exercice proposed in [3].

The reactor configuration is exhibited in figure 19.1.

Reduction of Source Situations :

1. Axisymmetry

2. Two group diffusion theory.

3. Six delayed neutron precursor families.

4. Feedback through changing cross sections.
The equations to be solved are :

1. Neutron kinetics equations :

3¢ E E
1 g _=. o t f
— = - 1~
vg 3t VDg V¢g Zg ¢g + Xg = ( B)Vzg, ¢g, + P

1 g
ac 3
i £
— I - +
3t A € i Vig 94
g9
where D = ir with z;r = macroscopic transport cross-section
329 in group g

The boundary conditions are :

tr
9 )
9.2,
an 0.71 g

2. Temperature equation :

pcg—z 3 (t) - g (o)

where T is the temperature in zones 1 and 2 supposed uniform

-12
- 7.347 10 f cal
9% 3.335 v IV ng ¢g av [5_353]

142 g +2



3. Feedback equation :

Data

1. Cross~se~tions [em 1]

i = capture, fission

group regions 1&2 region 3 _ region 4 region 5
£ 1 0.007457 0.000835 0.0 0.0
Vg 2 0.011069 0.000328 0.0 0.0
c 1 0.001484 0.002355 0.704821 0.000013
Zg 2 0.007939 0.008551 0.028639 0.000101
£ 1 0.002520 0.000303 0.0 0.0
kg 2 0.00384J 0.000135 9.0 0.0
zg,g' 12 0.002085 0.003598 0.003101 0.001294
¢ 1 0.006089 0.006256 10.007522 0.001307
Xg 2 0.011779 0.008686 0.028639 0.000101
tr 1 0.1838 0.2399 0.1670 0.0646
Iy 2 0.3655 0.4157 0.3643 0.1212
2. Neutron spectra and neutron velocities
group 1 2
Xg 1.0 0.0
X; 1.0 0.0 v[em/sq
1/v 1.851 10 ? 1.088 10°°
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3. Precursor parameters

Precursor 8i Ai
family
1 0.81 10 % 0.0129
2 6.87 10 * 0.0311 .
- Als™1]
3 6.12 10 % 0.134
4 11.38 10 ¢ 0.331
5 5.12 10 4 1.26
— B = 0 0032
6 1.70 10 ¢ 3,21
4, Data for temperature calculation
p = 9.0 g/cm3
C = 0.07 cal/g °K
T(t=0) = 1000 °K
5. Feedback data
i
Type Group ag
1 3.4376 10 8
capture _
2 2.2759 106
1 2.1677 109
fission _
2 2.8906 10’/
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6. Additional data

The initial configuration is exactly critical, deviation from the
exact value keff = 1.0 is eliminated by dividing the fission

cross—-sections by k and the initial precursor concentrations

eff’
are in equilibrium with the initial flux distribution.
The initial flux can be determined by the initial power :

P(T = 0) = 1000 MW.

Initiating perturbation : the control rod bank (region 4) is
axially withdrawn by 6.5 cm in 15 ms and replaced by sodium

(region 5).

For this sample test we have limited the transient duration to

13 msec.
Remark :

For this particular sample problem a special thermohydraulics
module was developed to calculate the mean temperature of the
core. This module is very short because of the simplicity of the
model and it is composed by routines NEACRP, QPOW and cbviously
THERMO, which was adapted accordingly. It 1is also provided to
external users desiring to check the correct running of the code

by comparing their results with those ones exhibited hereafter.
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Input data for the sample problem
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Output results for the sample problem




ok BEN ZD PROBLEM ! CASE 1 -~ STEADY STATE oee

[
o
~

Ul

anw GEN 20 PROBLEM ! CASE 1 - STRADY STATE asee

STRADY STATE PROBLEN IDENTIFICATION

® FIGENVALUE PROBLEM MITHOUT CRITICALITY SEARCH
NOMIMAL POMER JF TME REACTOR : 1,000008+09 N

& NEUTRONICS IS COUPLED AITH A TMERMOHYDRAULICS MODULE
CONVERGENCE CRITERION ON KEFF FOR THERNOHYDRAULICS COUPLING 1.00C0£-03

THE PREPROCESSING RESIATS ARE STORED OM FILE 45

HPRERS OF THE COMPOSITIONS “LUBMITTED TO THERIONYDRAULICS FEEDBACK ¢ 1
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1 STEADY STATE m=m
® GEOMETRICAL DATA &
CEQETRY

NNNNNNNNNNNNNN -~ NNNNNN NNNNNMNNENNNNEN NN N

NNNNNNNNNNNNONNNNNNN L 1) NN NNYYNNNNGNNE N N NN

NN NNNN ~ L L '~ NUNNNNNNNNNN NN

~-n N NN NN NN

p—3 - L1 ] NN NN NN L L] NN NN
- - » NN NN NN LS DR IS NSRRI NN LGN RN NE FNNNNNN N NN
m m u NN NN NNNS - NN NN NN N
- L1} NN NOUNNENNN NS

m NNNN NHNNNN NN N
m " ~ed NN
o‘ NNNMNNNNNMNN .- - - NNMNN

] » SNMNNMNNNN NN NN - - NN NN NN
z z .. 5 POl SO = = ————————
u -~ m NNNNNNNNNNNN § - et - e LT I NTI e T e

1 n _ 1 NNNNNNNNNNNNENMAAMMARAMARARANRMNAE CETTCT RS EITRT T RN NINTS s d

QO IR REEC LGOI NNNNTIN I

UENNNNNNGNNNNNEIA S BN AR EE S UG OR SN N NEC AN RD SR OE NN tary €2 fe Ca
N NN NN NN NN NN G A A A M A A R A

-

(AN TR RN NEN LY LT R R

Baed

- EENN NNNNNNNNEIEE S SR ES RSN RS

5
L L] m
g
R

LU ~uw e ELE L N~
- NNNNNNMNNN NN - LY NNNNNN NN
~n LUy R LLE LY LY LT T R Rl

2 -—> EXTRAPOLITED FLLX CO®ITION
[
-4
0.00000E+00 4.00000E+01 8.500008+01 8.825008+01 9.150008+01 1.30000€+02 1.700008 +02

0.00000E+00 1.700008+01 2.600008+01 7.33740€+01 1.138748+02

TYPE OF TWNE FIMITE SLEMENTS POLYNDMIALS @ SIGUABRATIC

. :
i mm ;
N i P : ,
g 0w s § :
[} mm " o
] " = t "

n
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LI N
-~
NN~
N~
e
~a~
L]
NN
NN
N~
~o~
NN
L E X )
LT
“ N~
NN~
L X ]
o~
CE X
NN
NN
NN
LN ]
XN
LR R ]
oo
nen

» A

DELAYED

SPECTRUM

®  NEUTRONIC DATA =
{ M0 UPSCATTERINS )
3.07608-12 tJ)
FISSION SPECTRA
04404040000 000

STEADY SYATE wee

EMERGY DELIVEREN PER FISSION :

TIE MASERS ARE THE CONPUSITION HIDERS
THE SYPBOLS R,2 INDICATE TIHE RADIAL AND AXIAL NDDE POSITIONS
NN COMPORITIONS INTRODUCED SY THE CONTROL RODS:

o CONPOSITION MASER 5 : MIXTURE OF COMPOSITIONS

oen SEM ID PROBLEM : CASE 1
HNIBER OF DMERGY GROLPS :



STEASY TTATL wes

ae SEM 20 PRCBLEN i CASE L

. *
. *
[ L, ] 063 %0s  We e 0 NN .
. [ 3 s S8 08 890 S L J ” . .
* s 008 008 8 S OS¢ ey 388 .
. L4 ] S &2 80 89 [ [ 2} .
. ] ] T 0 S WS W NS S O .
. *
. .
-
-
-
» -
s ITERATION NUMNBER 1 =
L4 L
csusTESTREvEasRES®
MEUTRONIC RERATS
AGSENESNSSSUSIERES S
CONVERGDLE CRITUAION OW KEFF : 1.00002-0¢
cvum nmmmx Cll.ﬂl.‘"ﬂlx 0.06 3IC
CPU TIME FOR F.E.M. MATREX CA s 0,08 SEC

110

ITERATION MO ) KEFFs  8.52072139%0881-01 KEFF CONW. RATE

1.80110859%¢+00 4.79671181E-08 < KEFF

£.33318073E+00

OTHER SIGMA ESTIMATE : 5.49995E-04
CPU TDE FOR ITERATION 1 : 0.39 SIC

ITERATION MO 2 KEFFe  9.467541541926222-01 KEPF CONV. RATE

8.481875542-01 1.193539%06¢-01 < KEFF

a

1.10006159€ +00

OTHER SIGMA ESTIMATE : 2.01952¢-01
v m FOR ITERATION 2 ¢ 0.40 SIC

ITERATION NO 3 KEPFs  9.80304585003071-01 KEFF CONV. RATE

4.327008752-01 $5.985200102-01 < KEPF

1.082762368+00

OTHER SIRMA ESTIMATE : 8. 0’161!-01
CPU T FOR ITERATION 5 : J.40 SIC

ITERATION ND & KEFF=  9.95780916952831-01 KEFF CONV. MATE

1.092217888-01 8.00529137¢-01 < KAPF

1.028777458 +00

OTHER SIGMA RSTIMATE : B.67M3(-01

ame  CHEBYSHEY IXTRAPOLATION STAATED MITH STGMA ESTIMATE : 5.67931-01 ews
A NEM CHESYSHEY POLYMOMIAL HAS ORIN “MD MITH MEN STGPA ESTIMATE : §.479432-01
OLD CHEBYSHEY POLYNDMIAL MAS OF OEGRIE
CrU TINE FOR ITERATION 4 @ 0.46 SEC
ITERATIN D B KEFFe 9. 9008592545806E-01 KEFF CONW. RATE  1,5151089%-01 9. 55035408L-01 < KIFF < 1,009%5702€+00

CPU TIME FOR ITERATION § : 0.47 S€C

LITERATION MO & KEPFe  9.9710608240919€-01 KIFF COW, RATE

5.187560741-03 9.%.350218£-01 < KEFP

~

1.00264361E+00

OTHER SIGMA ESTIMATE : 4.478911-01
CPU TIME FOR ITERATION & @ D.40 MC
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ITERATION MO 7 KEFFe 9. 9729909347042-01 KEFF CONV. RATE  2.315478188-03 9. 90994016801 < KEPF <

9.99099938¢ 00

OTiER SIGMA ESTIMATE : 6.39576£-01

a II CHEBYSMEV POLYMOMIAL WAS DEEM STANTED MITH MEM SIGMA ESTDMATE :  ¢.395748-01

OLD CHEDYSHEY POLYNONIAL MAS OF DEGREE 3
U TIME FOR ITERATION 7 @ 9.45 SEC

ITERATION M0 & KEFF=  9.9731i47292839¢€-01 KEFF CONV. RATE

9. 763452008 -00 ) 9. 94340100801 < KEFF <

9. 9021754700

U TDE FOR ITERATION @ :©  0.44 SEC

ITERATION M0 9 KEFF= ©.97338997328735-01 KEFF CONV. RATE

3.009523008 -0 9. 9% 94 70058-01 < KEFF <

9.975930764-00

OTMER SIOW ESTIMATE : 7.888138-01
CPY TIME FOR ITERATION 9 : 0.47 SEC

ITERATION MO 10 KEFFn  9.97344805443455-01 KEFF CONV. RATE

1.50814828E -00 9.971960818-01 < KEFF <

9.9738982£-03

OTMER SIGPA ESTIMATE : 7.288315-01
CPU TIME FOR ITERATION 10 : 0.4 SEC

ITERATION MO 11 KEFF=  9.9735070092064E-01 KEFF COBV. RATE

§.37575496E-08 9.97300% 72 -01 < KEFF <

9.97384A52E-01

OTNER SIS ESTIMATE : 7.00007%-01

LEFY RISHT SOTTIN ToO
LEAADE LEAKAGE LEAKAGE LEAKAGE
SE0SSE - 03 4. 048600 -03

GRO® 1 -5.679235-08 -$. ol
A 2 -8.7993%-08 5.88I3%-00
TOTAL ~1.04706£-06 3.310048-05

KEPP SILAN = 1.06106% +00

nrh
:
&

GRIUP 1 4.60910€51)

GROUPF 2 1.107t08+1)
COMVERGENCE CRITERION O‘ uv FOR THMERMONYDRAULICS COUPLING
COMVERGENCE RATE Or KEFF FOR TMERMONYDAAULICS COUPLING

THERMONYDRAULIC RESLTS

TENPERATURE IN TME CORE + 1.000000+0% (0EG. K)

pe ]
SCATTERING  SCATTERDG
3.040108+00 2.50908¢ +00

o 00 . MOME
T62096£-02 Z.081ZZE-0Z Z.43280800 O. 00000E+00 z.50908£4+00 1.30277K+00
-08200E-02 1.5%34E-02 5.88060€+00 0.00000£+00 0 00 &

1.0000¢ -03
9.9735E-01

TNDEPENDANT
SOURCe

0. D0000E +00

0.00000¢ +00
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- -
® ITERATION NUNBER T =
- -

C RESULTS

CONVERGENCE CRITERION OM KEFF :  1.00008-0%

CWU TIME FOR SOURCE MATRIX CALOIRATION : 0.06 SEC
CPY TINE FOR F.E.N. MATRIX CALCRRATION ' 0.07 SEC

ITERATION O 1 KEFF= 9_97351770314218~0" KEFF COMV. RATE

1.48753010¢ -08 9.9733489SE-01 < REFF < 9.97364056E-01

OTMER SIOMA ESTIMATE : 5.43999%€-09

LEFT AxuT OTTON O

LEAKAGE LEAKAGE LEAKAGE LEAKASE
SR 1 ~5. 6794503 -5,.580552-00 -5.383151-0F -4.000LEE -0
ROPF ~8.79%9-05 5.0023%-00 2.62099%-02 1.08119%€-52
TOTAL =1.04709%-0% 3.3183N-05 I.082688-02 1.5%32F-02

KEFF SILAN » ). 061048 +00

REACTUR SPECTRUM
4.6091889112
1.10720€+13

Row 1
ROP 2

2S200PTION N FISSION
SCATTERING

5.64810£+00 0,00000£+00
T.432508+00 1.509008 +00
5.880606+00 0.00000F+00 0.000008+00

T
SCATTE/

4. J00V6E +00
1.30272E+00
6.28318€ 00

0.00000% +00
0.00000¢ +00

ATTENTION | MMM OF ITERATIONS IS REACHED FOR CRITICALITY SEARCH AMND/OR THERMONYDRMAICS COUPLING

wae BEN 2D PROPLEN : CASE 1 ~ STEADY STATE saw.

sssesss e

seeevec e

"
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CRU TR FOR ITERATION 17 t  8.4% ST
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ITERATION WD 20 REFF= 9. 97T30A3246ATINE-O00 KEFF CONV. RATE  3.8092531852-03

2. 9731702 TE-01

< KEFF

<

1. 001243500 +00

OTIER SIUMA ESTIMATE : 1.50003E«00

A MEN CHEBYSNEV POLYMOMIAL NAS OEEN STARTED MITH MEM SIGMA ESTIMATE :  1.00003k +00
OLO CNESYSIEV POLVIERTAL MAS OF SEORETZ

COU TINE FOR ITERATION 20 :  0.49 SEC

ITERATION WD 21 KEVPF®  9.97I5ZR61GS0ME 01 KEFF CINV. BATE  9.5389MBASE-00

9. 97329 92E-01

< Rerr

9.9030615462 -01

U TIME FOR STERATION 21 3 0.08 33T

ITERATION MWD 22 KEPFe  9.9735098976212-61 KEFPF CONW. RATE  E.691043108-03

9. 9659063291

< KEFF

<

9.973 0104801

OTHER SIGMA ESTIMATE : 9.99704E-01
CO% TINE FOR I ERATION 2T :  0.49 $EC

ITERATION WD 28 KEFPe  9.9735111701092-01 KEFF COMV. RATT  £.610118228-03 9.947%910028-01 < KEFF < 9.97399234E-01
OTWIR 51004 ESTIMATE : 9.9979i8-01
CU TUE FOR ITERATION 23 ¢ 0.58 SEC

ITERATION WD 24 KEPFs  9.97352664613468 81 KEFF COV. RATE  §.207223658-08 9.97309792E-01 < REFF < 9.97345738E~01

OTMR SIGMA ESTIMATE © 9.99999%-01

THE STEASY STATE AESIATS ARE STORED ON FILE 31

1FVIS1I VBIOS : 190 RECOASS OF LDETR 13680 PORVATTES ON FILE FYI3FO0I.
IFY151 VRIOS © 09 AECORDS OF LENSTN X344 FORVATTED ON FILE FTSTFOOL.
XFY1SIZ VRIOS : 40 RAECORDS OF LENGTW 3344 FORWATTED ON FILE FTW1F00).
IFVIEIL VAIOS @ 20 AECORDS OF LENOTN 5344 FORPATTED ON FILE FTALFDOL.

e BEN I3 PRODLEM : CASE 1 - TRAMMRIDN (]

]

9

) NOMMONNE HNNNEE TEEEE. IS - -~ ol -

[ 4 [l - L]

' - -~ - . M suen  ow o -~ o ;e on [
. - " an on - o s ee ]
] [ ANNRER HNNNERE BE FROR  INESKAAN I8 BESSNE A9 Suas [l
I - -m oam moee oee o e aw - ane [ nd
s [ - e e Lo AN ADMINNAE D BRERNNNE B9 - .
1] -~ [ "~ an -~ e " ASENORN A8 SEINNESE N .- -~
[ 4

s
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one SEN 2D PROBLEN ¢ CASE 1 - TRAMEIDNT -3

TRANSIENT PROBLEN IDENTIFICATION

« TRANSIENT INBUCED BY CONTROL ROD NOVENENT
DUTIAL POMER OF TME REACTOR : 1.000008+09 N

® MEUTROMICS IS COUPLED IITR A TNERMONYSRAULICS MOBULE

THE MODIFIED PREPROCESSING AESULTS ANE STORED O FILE 46
THE STEADY SYATE REJULTS ARE 3ZTORED ON FILE 31

CHDNSINORSINEDDNIINIG
s GEOETRICAL DATA =
L e

CYLDDRICAL OEOMETRY

0 ===> ZERD FLUK COMDITION
1 ==> REFLECTIVE COMDITION
2 ~==> EXTRAPOLATED FLUK CONDITION

MMR OF A ¢
NBER OF Z |

e R (%) COMMDINATES (CM) wwe

0.00000£+00 1.70000€¢01 2.400006+01 7.33P0L«01 1.133748+02

mme I (Y) COORDINATES (CN) aee
0.00000£+00 4.00000€¢01 8.850000£¢01 §.42300£+01 9.15000£+01 1.30000£+02 1.70000€+02
TYPR OF TME FONITE SLPMINTS POLYNIOIALS : SIGUADRATIC

NISEIR OF MODAL PARNETIRS 117
SAND MIOTH OF F.L.8. MATRICES : 21
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» REACTOR LAY-OMY =

oo 80N 20 PROBLEN : CASE 1

NNNNENNNNNNNNN LUL LT NNNNNNNNNNNNNNNNNNNNNN NN
~n e L) LU NHNNNNNNNNNNNNENNN NN N NN
NEANNNNNNNNNNNNNNNNNNNNNNNNNNN NN NNNNNNNNENNNNNNNNENN SN
NN NMNNNNN NN ~ ~ NUNNNN NMNNNNN NN
WHNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNSNENNNN NN NNNNS N NN
NN NN N~ MNNNNNN N NNNNNNNNNNNNNN
NMNNNNNNNNNNNNNN L L} NNNNNNNNNNNNNOONNGNN NN

NN NUNNNNENNNNNNSNNENNNNN NN NENNNNNNNNNNNNNNNNNNNNN NN NN

NNNNNNNENNNNELISERRAROES SRRSO RRREIRN FR O QNNNNNNNNN
LU DU T Y B T -y NNNNNN NN N
21!!!22!2!21_ LL) NNNNNN NN
M NN NN NN A e N - Mt e NN NN N NN
NN N 2NNNN G - LY - A At it RN NN NN N
LD LYy L L P E P EL L LLEL L ELE LY CLL T Y N
~e LTS T - - LLY LT R
NN NN NN NN et NNNNNN N8N
NNNNNNNNNNN - 4y 1t NNNNNN NN
NN NN NN NN NN S~ L] L] A RNNNNNN N NN
NNNNNNNNNNNNI I I SES N R ORER AN QUSRS ESERERSS NNNNNNNNW
LUl 2l M AN I !—. eeee e NNNNNN NN
NNNNNNNNNNNN SRR RSBl ¢ee oo e NNNMNNN NN
NNNNNNNNNNNNS st s sa s ssadntassagae NNNNNN NN

L L L] ~~ LT L) NNNNNNNNN
LLL LT DL T L L LY ELLLLELELELLLELLLELELELLLLELLLEE LLLLT L XA ]
MNNNNNNNENNNN S - LT L] M ENNN NN NN

~N N NN N

THE NMADERS ARE TWE COMPOSITION MASHERS
THE SVIBOLS R,2 IMDICATE THRE RADIAL AD AXIAL MODE PORITIONS




117

oun BEN ZD PROBIEM : CASE L - TRanTTEMT oun

BRSNS
& ORIVING FUNCTIONS »
ARSESBERIEENRENHENN
THE ROD INSERTIONS AT TIME T ARE OBTAINED BY MATIPLYING THE INITIAL MOU IMSERTIONS
BY THE VALUES OF THE DRIVIMG FUMCTIONS AT TDE T

Fut  1,00000400) ¢ ( ~9.6297E+D0 & (T-1 O.0000E+00)) + ( O.0000¥+00) ® (T-{ O.0000F+00))wuw2
FROM T = 0.00002400 (SEC) TO T = 1 SO00E-OL (SEC)

il

ann OEN 20 PROBLEM : CASE 1 - TRANSIENT b

SRR
® MEUTRONIC DATA =
BRERERDRAHHHM S

MISEIR OF ENERGY GROLPS : 2 § ND UPSCATYERING )
€MERGY DELIVERED PER FIRSION ¢ 3.07608-12 (J)

FISSION SPECTRA AND MEUTRON VELOCITIES

|‘orow’t” mowt Ty otvio | vmoery |
| NBER | SPECTRUM | SPECTRUM | (CW/SEC)
11 | 1.00000€+00 | 1.00000E+00 | §.40z%8E+08 |
I b ) 3000006500 | 0:00000€+00 | 3.195186507 |
PRECURSOR DECAY COMSTANTS (S£C-1)
| te1 | x=2 | Ts3 | ts6 | Iss | tTasé |
| Le1 | 1.290006-02 | 3.110006-0¢ | 1.560006-01 | ¥.31000E-01 | 1,260 s€+00 | 3.21000€400 |
| L~z | 1.290006-02 | 3.110006-02 | 1.34000E-01 | 3,310006-01 | 1.260u0E+00 | 3.21C0DE400 |
DELAYED WEUTRON FRACTICNS
P00400400505008000000 0004
i zs1 | ez | 1.5 ) tTe% | 1as | t1=e |
| L w1 1'8.100008-08 |'¢.870001-04 | 6.120..c-08 | 1.138008-05 | 8.12000E-Ge | 1.70000 -0 |
P Lol | BI00008 08 | €:870000-08 | :130605 08 | 1 118008-03 | §.17000¢-00 | 3.70000E-04 |

I = PRECURSOR FAMILY MUMBER
L = FLEL ISOTOPE NUMBER

IMITIAL VALUE OF KEFF & 9973527496 90E-01



i

¢ MACRO TIME STEP NO 1 .

¢ NEMTON-SOR ITIRATION NO 1 +

SECINGNG OF MACRO TIME STEF @  0.0000£:00 (3EC)
[0 ] OF MACRO TIME STEP : &, 0000E-03 (SEC)
ssszusssustaassans

NEUTROMIC RESULTS

assssxzsasassemssse

POINT~UINETICS PARAMETERS

SEGINGNG OF MACROSTEP

TOTAL REACTIVITY (81 -9.977TTR-13
!"!CTIVE OELAYED 'IUT'IOI Flltﬂﬂl H 3.2000¢-03
NEUTRON QENERATION TIME | 4,3106E-07
DOMINANT EICENVALLY (SEC-1) 1 «9.27118-16

TIME INTERPOLATION PARAMATERS

AMPLITUDE 7UNCTIONS : SINGLE INTERPOLATION OF - FLNDAMENTAL MODE
- MOOE EXP( 0 00E»00%T )

SHAPE FUNCTIONS ¢ DOUBLE INTERPOLATION OF MDOE EXP( 0,006+009T)

«APLITUDE FUNCT,

BURLISCH-STOER EXTRAPOLATION PROCEDURE 18 NOT ASKED
AUTOMATICAL WICROSTEPSIZE CONTROL 13 NOT ASKED
ERRDR CONTROL FOR AMPLITUDE FUMCTIONS IS NOT ASKED

= MIBER OF MICROSTEPS 106
TSMICROSTEP VALUE (SEC ) ¢ 1,0000E-03

MD¢ INSERTION OF ROD MO 1 : &.326678+01 (CH} sess

END OF MACPOSTEP

6. 6785¢-01

3.2000£-03
4.3106£-07

5.747%-01

118



]|

| MICROSTEP | MO | NeLITWE |
| Nmem ! | VALUE 1
| 1 I 1 | e.e352-00 |
1 I ¢ 1 B.0801t-01 |
' 2 I 1 | s.onse-0 l
T | 6.3754E-00
] 3 I 1 | 1.03828+00 |
t 1 T 1 s.20348-00 |
i - i 1 1 1.4631£400 ‘
] T | 1.1566E+00
BECINGDNG OF MACROSTEP END OF MACROSTEP
IN G ) . 5.5991£-01 1.4631£400
INGROP 2 s #.4109€-01 1. 1544400
COMVERGENCE CRITERION FOR SHAPE FRUNCTION ITERATIONS : 1.00008-03

| IVERATION | CPU TIME | TOTAL POMER | CONVERGENCE | GROUP | PSEUDO- | POER FRACTION |
i R i (sEC) | OUTT) I RATE | MBER | EICENVALLE | 1z) |
1 1 I 0.91 | 2.61.88Ee09 | 8.79-0z )} 1 | 9v.5eszE-01 | 78.79 V
1 | | I z 1 3,19588+00 | 21.21 |
! 2 ] 0.21 | 26228009 | 5.878-08 | 1 | 1.0001E400 | 78.79 |
} ] ] ] 1 2 1 3.19588+00 | 21.21 ]
I 3 1 o1 , 2.61999409 | 2.626-03 ! 1 1 9.995AF-01 ‘ 78.79 |

1 ] 1 2 1 3.19588400 21.21 |
| L3 I 0.22 | 2.620068¢09 | 2.288-03 | 1 | 9.99288-01 | 8.7 |
i 1 ] 1 t T 1 3.1958€400 | z.n ]
! 5 | 0,21 | 2.620080¢09 | 5.54E-08 | 1 | 9.)917E-01 | 78.79 |
1 i 4 ] I 2 | 3.198E00 | 21.21 |

-
MOCMUM RELATIVE CMAMGE OF THE SHAPE FUNCTIOMS OVER THME MACROSTEP @ 8.9%8511-02

TOTAL CPU TIME USED FOR SHAPE FUNCTION CALCULATION IN THIS NENTON-SOR ITERATION @

BECINNING OF MACROSTEP

= OTAL POMER OF THE REACTOR (MM) H

ENERC * RELEASE OVER THME MACROSTEP (MJ)

il

me
1SEC)

0.00000E +20
1.000008-03
2.00000£ -03
3.00000£-03
4.00000¢-03

1000.00
1151.48
164497
1859.00
£620.468

1.0000€ +03
6.2659E+00

1.76 (SEC)

END OF MACROSTEP

2.62072+03

119
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THERONYDRAL IC RS TS

TIME = 4.D000K-03 ¢SEC)

TEPIRATURE IN TV CORE ! 1.001TIE+03 IDEC. X)
ENERGY RELEASED IN THE CORE : §.958%1E+0% (J)

!

4 MACRO TIME STEP NO 1

+ MEWTON-SOR ITERATION NO 2 o

POUINT-KIMETICS PARAMETERS

BESINGMNG OF MACROSTEP 00 OFf MACROSTEP
-9, 9777¢-13 7.12248-01
IH'ICT.IVI D!LAY!D mm FRAC m.w %.2000€-03 3.2000€-03
OM GENERATT.ON FIME (3£C) §.3106£-07 ®.3135£-07
DOMINANT EICEMVALLE 13EC-1) g =9.2N18-16 7.6192E-01

T.ME INTERPOLATIOL TARDATERS

MPLITUDE FUNCTIONS @ SINGLE INTERPOLATION OF - FUNDAMENTAL MOOE
- NODE EXP( 0.00E+0087)

ShASE FUNCTILNG 1 DOUBLE INTERPOLATION OF MODE EXP( 0.00£400=T)

AMPLITUDE mcrxos

BURLISCH-STOER EXTRAPOLATION nvcm.n IS NOT ASKED
AUTOMATICAL MICROSTEPSIZE CONTROL IS NOT ASKED
ERROR CONTROL fOR AMPLITLDE mcm'n 1$ T ASK"

NABEIR OF MICROSTEPS 16
MICROSTEP VALUE (3€C) ¢ 1.00008-03

| MIcROSTEP | omOUP |  MPLITWOE | '



NPLITWE VALLE
NPLITIDE VALLE

-
»
-

vALLR [}

4.49082-01
5.1307¢-01

8.3017€-01
6. SSB5E-01

1.09%5E +00
6. 6648E-01

LR TR T R T

1.6179 +00
1.27952 +00

—— o & ——-§

44
o=

SHAPE FUNCTIONS

5.58911-01
4.410%-01

CONVERGENCY CAITERION FUR SWAPE FUNCTION ITERATIONS : 1.0000E-D3
{ ITERATION | CPU TIME | TUTAL POMER | CONVERGENCE | GWOAP | PSEUDD- | POWRR FRACTION |
[ 1 sy | (A ] 1 NBER | EIGENVALLE | x) 3
1 ’ 0.90 | 2Z.89LebEe0% | I.506-03 1 I 9.97%1-0% | .78 ]
i 1 i 2 1.87058+00 | 21.22 |
i 4 | 0.21 | 2892722009 | 1.29-04 | 1 | 9.9%%-0p | ™ '
1 1 ] 1 1 2 3 -8705E+00 | 22 1
MM RELATIVE CNAMGE OF TME SHAPE FUNCTIONS OVER TME MACAOSTEP : @.85291£-D2
TOTAL w'mmmm FUNCTION CALCULATION IN THIS NENTOM-SOR ITERATION ¢ 1.11 (SEC)
BMCDIDE OF MACROSTEP END OF MACROSTEP
TOTAL POMER OF THE REACTUR (MW) : 1.0000€+03 2.8927¢+03
=ENERGY RELEASE OVER THME MACROSTEP (MJ) 1 4.5546E+00
ne rOER
(32C) )
0.4¢0000¢ +00 1000.00
1,00000¢-03 1162.54
2.00000£-03 148604
3.000008-03 190.82
4. 00000¢-07 mn.1n
mﬁt! CRITERION FOR POMT ¢ 1.00008-02 CONVERGENCE RATE 7-t 5 9.408E-02
COMVERGENCE CRITERION FOR nAcnvrrv 1.00008-02 CONVERGENCE RATE rust l!AEﬂVITV P $.23138-02
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TRERFONYDRAIAIC REIATS

TIME ¢ ©.00008-83 (SEC)

TEPERATURE IN NE CORE 1 1.0C1958+03 (DEG. K}
ENERGY RELEASED IN TWE CORE : &.25333E+06 tJ)

|

* MACRC TIME STEP L2 T

4 MENTON-SOR ITERATION w0 3 o

SEGINGING OF MACRD TIME STEP :  0.00000400 (SEC)
&N OF MACRD TIME STEP :  4.0000E-03 (3EC)

NEUTRONIC RESILTS
SESRSESSBEEEARSSISE

POINT-KIMETICS PARANETERS

SECINNING OF MACROSTEP EN) OF MACROSTEP
TOTAL REACTIVITY : -9, 9777! -13 7.1194£-0
EFFECTIVE DELAYED mrmn FRACTION 3.20000-03 3 2000!-0!
MEUTRON OENERATION TIME (SIC) : 4, 3]00!-07 4,3161E-07
DOMINANT EIGENVALLE (SEC-13 : -9.27116-16 7.4014€-01

TIME INTERPOLATION PARAMATERS

MPLITUDE FUCTIONS @  SINGLE INTERPOLATION Of - FUNDAMENT
- M0t EXPL 0 00!000'1')

SHAPE FUMCTIONS : DOUBLE INTERPOLATION Of MODE EXP( O.00F+00#T |
APLITWE ANCTIONS

-
BURLISCH-STOER EXTRAPOLATION PROCEDUME IS ADTDA-lD

MWT!CAL !ﬂtlﬂTlPSXZ! CONTROL 1S NOT ASK
RROR CONTROL FOR AMPLITUDE FUNCTIONS 1S NOT ASKED

NIBER OF MICROSTEPS T4
MICROSTEP VALUE (SEC ¢ 1.0000£-03

I MICROSTEP I GRIUP I uvuum I



L]
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{ oece ! wpem | VALLR [}

£.499%-02 |
B.12eE-9) i

]
]
‘ $.303%-01 I
| )
] !

6.55%E-01

1.0970€ +00

8. 6490801

——

' 1.6193E+00
1.ZR0E +00

LR TR YR T

SECDOONG OF MACROSTEP €MD OF MACROETEP

1 $.580918-01 1.6193E+00
2 1 4.410%-01 1.28040E +00

| ITERATION | CPU TIME | TOTAL POMER | CONVERGENCE | oaowp | PSEUDO- | POMER FRACTION |
[ I sgC) 1 (MATT) } RATE I MER ) EIGENVALE ¢ [¥4) ]
] 1 | o.89 ' 2.09508E+09 | 1.33E-0¢ | 1 | 2.99i-01 ‘ n.7 ]
! 1 | I 2 | 1.559%E+00 21.22 1
MOTHUN RELATIVE CNANGE OF THE SIAPE FUNCTIOMS OVER TME MACROSTEP : §.82981-02
TOTAL CPU TDME USED FOR SMAPE FUNCTION CALCULATION IN TMIS NEWNTON-SOR ITERATION : 0.8% (13£C)
SECIMMING OF MACROSTEP 0 OF NACROSTEP
TOTAL PCOMER OF TWME REACTUR (M) : 1.0000€ +03 2.8951E+03
EMERGY RELEASE OVER TME MACROSTEP (MJ) :  .5571E+00
-
-
-
]
me PONER
(3EC) 1)
0.00000¢ +00 1000.00
1.00000¢-03 1162.72
1.00000%-03 1885.18
3.00000¢-03 19%1.467
4.00700£-03 295.08
CONERQENCE CRITERION FOR POME! ¢ 1.0000£-02 CONVERGENCE RATE 7 8. 15868 -09
CONVE' JENCE CRITERION FOA lucmm'v ¢ 1.0000E-02 CONVERGENCE RATE mn I!‘CT!V!TV : 4.2239¢-04

IMSERTED REACTIVITY {
'uoua REACTIVITY |
REACTIVITY (

*)
)
L]


http://IHLF.AU
http://14al.ll

BESIMNING OF A NEN RACRO TINE BTEP

MCRD TDE SVEP YALLE @  2.0000E-43 (3EC)

ESTIMATED POER AT THE BB OF TNE NEN MACROSTEP 1 L.104TE+00 (MM}
ESTIMATED EMERGY RELEASE BURING THE NEM MACROSTEP 5 ) )

THERMONYDRAULIC RESRTS

TDE = ¢.00000-03 (SEC)

TUPIRATURE IN T™E CONe s 1,00915E+83 (DE6. K)
EMIRSY AELEASED IN TIR CORE : 1.092742407 (J)
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oo, rOER

198C) )
4. 00000-03 9%.08
S.500001-03 348740
5.000008-03 064 .00
5.50000-05 473,01
4.000008-03 10%7.00

i

THERMOMYDRAULIC RESATS

TDG » $.00008-03 (8€C)

TENPIAATURE DY T™VE CORE ¢ 1.0009E£+03 (DE6. K)
EMERDY RELEASED TN TVE CONE : 1.04S188+07 (J)



AL REACTIVITY (o) 3 7.1192-01
vm:m! SELAYED MEUTEON FRACTION : 3. 20006 -03
NEUTRON SDERATION TDE (S8C) t LML g
SCPENANT EIOENVALLE (SEC-1) s 7.60162-01

NPLITUIE PACTIONS ¢ SDELE INTERPOLATION OF - PUNDAMENTAL MENE
~ WODE DOt 0.008+00wT)
SNAFE FUNCTIONS T DOUBLE INTEWFOLATION OF MOBE EXP( 0.00E 0T )

-

SURLISCHN-STOER EXTRAPOLATION PROCEDUME TS MOT ASKED
AJTOMTICAL MICRQSTEPSIZE CONTROL IS NOT ASKED
ERROR CONTROL FOR AMPLITUDE FUNCTIONS I3 MOT ASKED

MIBER OF MICROSTEPS Tt &
MICROSTEP VALLE (35C) t  5.00008-00

M

E

[T Yo N T !

127

B9 OF MCESTEP
1.0044 +00
3.20008 -08
4.314TR-07

MPLITUDE VALLE IN SROLP 1 s 1.6)9%8+00 6.19308 +00
APLITUDE VALUE IN GROWP ¢ t 1.20008 +00 45808 +00
SHAPE MOKCTIONS
CONVERSEMCE CRITERION FOR SHAPE PUNCTION ITERATIONS ¢ 1,0000C8-03
| ITERATION | CPU TIME | TOTAL POMER | COWERGENCE | GROUP | PSEUDO- | POMER FRACTION |
[ 1] | 1sgcy | 1ATT) 1 RATE | MBER § II0ENVALLR | ) [}
3 I 0.9 I 1.09779+10 l 9.352-08 ‘ 1 9.99808-01 Te.T® I
Ed =4.3306¢ +00 21.22
MAXIMLS RELATIVE CHANBE OF THE SMAPY FUMCTIONS OVER TME MACROSTIF @ 4.27671-01 B
TOTAL CPU TIME UBED FOR SMAPE FUNCTION CALCULATION IN THIS NENTON-SOR ITERATION ¢ 0.90 (38C)

SMCINGNG OF MACROSTEP
TOTAL POMER OF THE REACTOR (0 1 2.0%18+03
TMEINGY RELEASE OVER TWE MACROSTEP (my) ¢ 1.11688+01

€0 OF MACROSTRP
1.09708+0¢




]

™We rOER
' (22C) (1]
4.00000 -65 .08
o.500000-43 Wi 70
5.000002-03 045.6%
S.500008-03 90608
&.0MuNE-0S 10977.08
CONVERGENCE CRITERION FOR POER 1 1.00008 -2 COMVERGENCE RATE
CONVERGDEE CRITERION FOR REACTIVITY ¢ 1.00008-02 CONVERGENCE RATE

1.00428+00
FEEDBACK REACTIVITY (8) : -1.97798-02
TOTAL 1.000AF +00

128

BEOINNING DF A NEN WACRO

TINE STE?P

SELECTION MODE FOR MACRC TDNE STEP ¢ TIME STEP FDMED BY THE \BER

MACRD TINE STEP VALUE :  1.00008-03 (SEC)

YALULS PREDICTED BY THE KASAMOVE METHOD ¢

ISTINATID POMER AT THE END OF THE MW MACROSTEP I 3. 91588 0% (M
ESTIMATED EMERDY RELEASE OURINDG THE MEM MACROSTEP :  2.1208£¢01 (MJ



129

TR = T7.0008-43 (8EL)

TENPIRATUME IN TR CORE 1 1.000008+03 (M. K)
DERY RELEASED DN TWE CORE t 2.00073E+0? (J)

il
1

+ MACHD TIME 3TRP N 3

¢ NENTON-SOR ITIRATION MO 1 o

ew MEN DEINTION OF 0D N0 1 | 6.1%44E+01 (CN) sees

SEQINCANG OF MACROSTEP IND OF MACROSTEP
TOTAL REACTIVITY (6) ' 1. 00448 4+00 1.187852 400
EFFECTIVE DELAYED MEUTRON FRACTION @ $.2000¢-03 5.2000€-03
NEUTRON GENERATION TTME (SEC) ' 4.3147¢-07 4.3147¢-07
DOMINAMT LI0ENVALLR (SEC-1) ' 3.41330+02 1.39308 401

TIME INTERPOLATION PARAMATIRS

MOLITUWDE RACTIONS ¢ SINGLE INMTERPOLATION OF - FUNDAMENTAL HODE
« MODE DXP( 0.008+008T)

SHAPE PUNCTIONS ! DOUBLE INTERPOLATION OF MODE EXP( 0.00€+00sT)

BURLISCH-STOER EXTRAPOLATI Ml"l I3 NOT ASKED
MMTICIL n‘lcmum CONTROL_18 NOT ASKED
RAOR CONTROL FOR AMPLITUDE FUMCTIONS IS MOT ASKED

MBI OF HICROSTEPS LI )
MICROSTEP VALLE (SEC) ! 1.50000-0%
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THERONYDRAWALC MSATS

TR = 7.00008-43 (28C)
TOPIRATURE IN THE CORR 3 1.000412+8 (089, K)
EMERSY RELEASED IM THE CORE ¢ 2.820828497 (J)
-
-
-
+ MACRO TDE STEP N 3 o
¢ NENTON-SOR ITERATION M0 2z ¢
SEUTNNG OF MACRD TN STEP ¢ §.0000€-03 (SEC)
[/ ] OF MACRO TD® STEP ¢ 7.00006-03 (3EC)
susEssvesmEeasTIas
NEUTROMIC RESALTS
ssssusITERanssEnass

POINT-KINETICS PARMETRAS

TOTAL REACTIVITY (8) s 1.00448 +00
EFFECTIVI DELAYED MEUTRON FRACTION ! 3.2000€-03
MEUTRON GEMERATION TIME (S8C) $ 4.3167¢-07
DOMINANT EIGENVALLE (S2C-1) t 3.4133E402

TIME INTERPOLATION PARMMATERS

APLITUX FUKCTIONS | SINSLI INTERFOLATION OF - FUNDAMENTAL PDOR
~ MODE EXP( 0.00L+00ST)

SHAME FUCTIONS ! DOUBLE INTERPOLATION OF MODE DP( 0,008 +00wT)

APLITIE FUCTIONS

SURLISCH-STOER EXTRAPOLATION PROCEDURE IS MOT ASKED
u.n‘uunw. mcunmn CONTROL 18 MOT ASKED
RAOR CONTROL FOR APLITUDE FUNCTIONS IS MOT ASKED

MABEIR OF MICROSTEPS [}
MICROSTEP VALLE (38C) 1 2.50008-0%

| MICRONTEP | QROLP | APIITUDE )

1.1887¢+00
3. 2000£-03
%.31640E-07

1.80270+03
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BESINRNTNS OF A NEN MACRO TINE

STEP

SELECTION MOSE FOR MACAO TIME STEP : TR STEP FDED OY TME USER

MACRO TINE STEP VALUE :  1.00088-03 (SEC)

ESTIMATED POMER AT THE END OF THE MEM MACROSTEP 3 2.1768R408 (ML)
ESTIMATED EMERSY RELEASE OURING THNE MEN PACROSTEF @ 1.0387EHZ (MJ)

THERMOHYDRALIC RESULTS

TIME = 8.0000€-08 (SEC)

TOPERTURE IN T™ME CORE t 1.108922¢405 (DE6. K)
BENOY RELEASED IN THE CORE ¢ 1.00194E+08 (J)



134

oumn  NEM DEERTION OF WD ND 1 ¢ 4.1E335E+01 (CR) semm

BECINONG OF MACROBTEP B0 OF MCROBTEP
REACTIVITY { ] 1.1887¢ +00 1. 21018400
unm ﬂuﬁl m s 3.20008 -03 3. Z000€-03
TRON GEMNERATION TIME (SEC) 3 4.31408-07 4.31278-07
DUNCNANT EIOENVALLE (SEC-1) ' 1.4027E+03 1.5701E+03

TIME INTERPOLATION PARAMATERS

MNOLITWE AMCTIONS : SINOLE INTERPOLATION OF - FUNDAMENTAL MODE
= MODE DXOP( 0.00€ +00T }

SRAPE FUNCTIONS ¢ DOUBLE INTERPOLATION OF MDOE EXP( O.002+00T)

lmm!ﬂmmmumm

<MPBER OF HICACSTIPS v
«MICROSTEP VAU (SEC) 1 2.80001-0%

NPLITUDE
VALLE

5. 24108+01
2.5897R+01

|
|
i
1
®.8043£ 401 l
1
|
|

b

”
e e o —— -

3. 7913£+01

7.1376E+01
5.6279%+01

1.06B88 002
8.3%7E+01

vo e | remed eved vare !e
»

i i 1.18218401

APLITUDE YALLE IN 1.0658€+02
N ' 1.7247R401 8.5967E+01

AMPLITUDE YALLE

COMVERGENCE CRITERION FOR SHAPE PUNCTION ITERATIONS ! 1.0000f-03

| TTERATION | CPU TIME | TOTAL POMER I CONVERGENCE | GRLS | PSEUDD- | POW 4 FRACTION |
I L] 1 1secr | (MATT RATE | WNBER [ CIQENVALLE | (¥4 §
l 1 | 0.9 | 1.902848+11 ‘ 1.17-02 I 1 ‘ 9.99%42-01 7J.02

‘ z 2.27530400 | 21.18 |
] T | 0.22 | 1.9028%11 | %.87-0% | 1 | 9.9%1-01 | 78.82 1
[} 1 [} I I T 1 2.2933E+00 | z1.18 )

MAKIPLY RELATTVE CHANDE OF THE SNAPE FUACTIONS OVER TME MACROSTEP ¢ 1.77138-0f

TOTAL CPU TDE UBED FOR SHAPE FUNCTION CALCULATION IN THIS MENTON-SOR ITERATION & 1.12 (38C)

BESINMING OF MACROSTIP IND OF MACROSTIP
«==TOTAL POMER OF THME REACTOR (M) 1 3.09018+04 1.9029€+08
ENEROY RELLASE OVER TME MACROSTEP (MJ) ¢t ¥.5L8%E+01



sEEsEsessysssesRETISEIE
THERMOHYDRAULIC RESIATS

e

1SEC)
7.000008 -03
7. 25000K -3
7.50004 -03

7. 750008 -03
8.00000¢-05

8. 20008-08 (32C)

t 1,097152+03 (DEG. K)
EMERSY RELEASED IN TME CORE : 9.17383£407 1J)

- ————— e o
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MEUTROMIC RESIR TS
ESEEEEastsenesssEn

PUINT-KIMETICS PARAMETERS

PEUINONG OF MACROSTEP 08 OF WMCROSTEP
TOTAL REACTIVITY (8) t 1.1887¢+00 1.2145€+00
EFFECTIVE DELAYED NEUTRON FRACTION 1.2000¢ -03 3. 7000803
MEUTEON GENERATION TDE (3C) 4 4.31408-07 4.30%E-07
DOMINANT EIUENVALUE (SEC-1) 3 140272403 1.59T1E008

TDE INTERPOLATION PARMATERS

ASUITUDE FMCTIONS ¢ SINGLE INTERPOLATION OF - FUMMAMENTAL MOBE
-~ MDDE EXPi 0.00%+00T)
SRAPE FUNCTIONS 3 DOUBLE INTERPOLATION OF MODE DOP O.00F+00%T)

ANPLITUDE RACTIONS

SURLISCH-STUER EXTRAPOLATION PROCIOURE [S WOT ASKED
AUTOMATICAL MICROSTEPSIZE CONYROL 1S NOT ASKED
ERRDR COMTROL LITUDE FUNCTIONS IS NOT

FOR AP
MMBER OF WICROSTEPS 1.
MICROSTEP VALUE (SEC) 1 2.50008-0%
-
-

[HICROSTEP | CROUP | APLITWNE |

VALLE |

3. 2430801
2.56158+01

4.81632+01
3.8015£+01

7.17828+0%
5.6615%.01

1,0767E+02 I
8.485%+01

~
— — ——

LRy T2 N 1T i

— e § @ ———

APLITUDE VALLE IN GEXP 1 ] 2.18118 401 1.07678 002
NPLITUDE VALLE IN o ¢ 1 1.7M4TE+01 8.48592 401

APt FUCTIONS

nmenn—-———

COMVZROENCE CRITERION FOR SHAPE FLMCTION ITERATIONS ¢ 1.0000€-03

| ITERATION | CPU TIME | TOTAL POMER | CONVERDENCE | OROLP | PSELDO- | POMER FRACTION |
[ L | stc) (MATT) 1 RATE IoMR L RIGteVALLE (F4) [}
I ) I 0.% i 1.912348011 ’ 1.9%E-03 l 1 l 1.0000K +00 I 78.81
2 5. 82808 -01 21.19 ‘
{ z I 0.2 | 1.922348+11 | S.212-08 | 1 | 1.00008400 | 78.81 !
1 | § 3 I 2 | $.52808-01 | .19 ]
PAXTIUN RELATIVE CHUGE OF THE SHAM FUMCTIONS OVER THE MACROSTEP : 1.78328-02
TOTAL CFU TIME UBED FOR SHAPE FUCTION CALCIAATION IN THIS MNEWTOM-SOR ITERATION ¢ 1.11 (8C)
BESTNMING OF MACROSTEP £ND OF MACROSTEP
TOTAL POMER OF THE REACTOR (M) ' 3.8901L406 1.9223E+05

—{MROY RELEASE OVER TME MACROSTEP (MJ) :  9.8711€+01


http://wtiapoi_att.cn

7.0000080-43
7. 250008 43
7.50000¢ -3
7. 75000k-43
8.000008-93

]

THERDNYDRAUL\C RESULTS

me =

§.00008-03 (3%C)

»%1.18
792436
58.46
128143 0%
198134.39

CRITERION FOR PORER
COMVERGENCE CRITEAION FOR MEACTIVITY ¢

. 0B00E -02

t 1.09752K+03 (0€6. K)
CERSY RELEASED IN TME CORE :© 9.22027R+07 (J)

CIDWERDENCE RATE POR POMER '
CONVERGENCE RATE FOR REACTIVITY @

1.01188-02
2. 1600803
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SESDOIME OF WACRD TDE STEP @ 7.0000E-83 (3EC)
o OF MACED TIME STREP :  8.0000E-03 (3EC)
BECTNGNS OF MACRDSTEP D8 OF WCROSTEP
) 1.1807K +60 1.21408+00
EFFECTIVE DELAYED NEUTION FRAC).ON @ 3.2000E-03 3.2000€-03
GENERATION TINE (SEC) H 4.31608-07 4.310-97
OUMEMNANT EXOEMVALLE (3EC-1) s 1.4027R+83 1.59168+03

TIME INTERPOLATION PARAMATEIS

ANPLITUE FUKTIONS | SINBLE DNTEAPOLATION OF - ASDAMENTAL MODE

- MODE ©XP( ©.00E +00uT)
Pt FUKTIONS ¢ DOUNE INTERPOLATION OF MKDE DOt 0.008+008T)
NPLITUBE FUTIONS

-

SURLISCH-STOER EXTRAPOLATICN PROCEDURE IS NOT ASKED
AUTOMATICAL MICROSTEPSIZE CONTROL IS NOT ASKED
ERAOR CONTROL FOR AMPLITLDE ABCTIONS IS NOT ASKER

MMBER OF MICROSTEPS t 8
PMICROSTEP VALUE (3EC) 1 2.50008-0%

| MicRosTEP | GROUP |  MPUITDE |

i

VALLE |

3. 24248 +01
2.5610€+01

4.81312+01
3.7990¢+01

7.147%8 +01
5.68318+01

1.07388 +02
9.0627R+0)

"
e ) rare | pare i mame I
—— i § — ——

SECINGIND OF MACRDSTEP N9 OF MACROSTEP
NPLITUDE VALLE 1 1 2.18218901 1.07388 +02
ANPLITUDE VALLE IN GnOUP ¢ 4 1. 72478401 5.44278 401

SHAPE MUNCTIOS

CONVERSENCE CRITERION FOR SHAPE FUNCTION [TERATIONS ¢ 1.0000E-0%

| ITEMTION | cru TINg | TOTAL PORER | COWERONCE | GhLP | mSEuo- | pOeER FRACTION |
1 NBER I (5EC) ] arT) t RATE | MBER EIGENVALUE ] ) 1
N R N O LR l 9.99%4€-01 78.01

] z 8.2276£-01 an |

MAXTMAM RELATIVE CHAMGE OF THNE SHAPE FUMCTIONS OVER TME MACROSTEP : 1.78858€-02

TOTAL £PU TIME USED FOR SHAPE FUNCTION CALCULATION IN TMIS MEMTON-SOR STERATION ! 0.9 (MC)
SEEINGNG OF MACROSTEF D OF RACROSTEP

TOTAL POMER OF THE REACTOR (#4) 1 3.89010 408 1.91728+08

EMERDY RELEASE OVER THME MACROSTER (MJ) ¢ 9 55906401

138



139

by ONER
(SEC) (1}
7.000008 -4 $8%1.18
7.150008 03 ST N
7.500008~03 [ B J
7. THO0E -93 127909.91
8. 000008 -03 1M7s. 73
CONWERGENCE CRITERION FOR POMER 1.80008 -02 COMVERDENCE RATE FUR POMER 1 -3
CONVERGENCE CRITERION FOR 1.0000E-02 CONVERGENCE RATE FOR REACTIVITY t §.94928-08
INSERTED REACTIVITY 18) t  1.42008+00
FEEDBACK REACTIVITY ($) t -2.0893E-01
$) ¢ 1.T140€900
-
-
-
BEGINNING OF A NIN RACRO TINE STEP

SELECTION MODE FOR MACAD TIME STEP ' TDME STIP FDXED BY TWE WSER

MACRD TDE STEP VALLR

1.00008-03 (84C)

VALURS PREZICTED BY TME KAGANOVE METHOD :

ESTIMATED POAER AT THE END OF THE NEM MACROSTEP
ESTIMATED EMERCY RELEASE DURING THE NEN MACROSTEP

3.58930+05
3.2402E 002

()
LY}
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THERMONYORAAIC MESATS

TR = 9.00008-03 ‘3ET)

TOPIRATURE IN T COWE 1 1.301560403 tBEQ. K)
EMERGY RELEASED IN I CORE : 3.0854L+00 (J)

¢ MACRO TIYR STEP [ 2

4 MNEMTUN-SOR ITERATION MD 1 ¢

SEQTNONG OF MACRD TIME STE
o or TDE STE

save NEN INGERTION OF ROU MD 1 ¢ 4.11000€401 (CH) #aee

POINT-KINETICS PARNMITERS

BECDNMING OF MACROSTEP END OF MACROSTEP
TOTAL REACTIVITY ($) 1 1.2140£+00 9.5619€-01
EFFECTIVE ODELAYED NEUTRON FRACTION 3. 000!-0! 3.20008-03
MEUTRON GENERATION TIME (SEC) s %.31028-07 4.30658-07
DOPINANT EIQENVALLE (SEC-1) i 1.59168+03 1.00642401

TIME INTERPOLATION PARAMATERS

MPLITUDL FUNCTIONS : SINGLE INTERFOLATION OF - FUNDAMENTAL M€
- MOE EXP{ Q.00£+0007)

SHAPL FUNCTIONS 1 DOUBLE INTERPOLATION OF MOOE EXP( 0.00L+008T)

-AI'LITW! Mﬂu

BURLISCH-STOER EXTRAPOLATION PEOCEOURE IS MNOT ASKED
IUTWTIC‘L vm:ms'rlrsxu CONTROL I3 NOT ASKED
EAROR FOR AMPLITUDE FUNCTIONS 13 MDT ASKED

SMPBIR OF MICROSTEPS 1 &
SSMICROSTEP VALLE (SEC) 1 2.50008-04



1.00008-93
| TTERATION | CPU TDR | TOTAL POER | COWEROENCE | GRO | _ PSEUDO- | PORER FRACTION |
| men | iSEc) (RATT) RATE | MBER | EXCDWALLE | () ‘
| | en 3.72657E11 s.om-er |1 | Ml | ne |
z £.987TBE+00 aaz |
1 ¢ 1 ez 3.726686411 .00 | 1 | o0e-01 | - |
1 i 1 2 1 2.9878E0 | nae i
| 3 | om 3.72667E011 tow-or | 1 | 2ol | ne |
2 2.98788s00 | .1z
WAL RELATIVE CASEE OF THE SHAPE PUNCTIONS OVER THE MACROSTEP @  4.0736£-02
TOTAL CPU TDNE USED FOR SIAPE FKTION CALCULATION IN TMIS MENTOM-SOR ITERATION :  1.38 iSiC)

1
A
i

TOTAL FOMER OF THME AEACTOR (PM)

ENERGY RELEASE OVER THE MACROSTEP (MJ}

me
198C)

8.000008-03
8.250002-03
8.500008-03
8. 75000803
9.000008-03

117N18.73
271066.18
339588.10
37M27.02
372647.28

1.91728+08
5.16528+02

86 OF MCROSTEP

3.726TR 08
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TDE = 9.00008-0% (32C)

TOPEIRATURE IN THE CORE t 1.5307¢E+43 (DEW. K)
OENOY RELEASED IN TWE CORE : 3.02089+08 (J)

-
-
-
e MACRO TIME STEP NO S8 o
4 NENTOM-SOR ITERATION MO £ +
SICTNGWS OF MACRD TIME STEP @ 0.0000£-08 (38C)
(2] OF MACRO TIME STEF :  9.0000£-03 (SEC}

S TS

NEUTRONIC RE
sssusEsssesssnESyEs

POINT-KINETICS PAAAETERS

MOINGNG OF HACROSTES

TOTAL REACTIVITY (8) t 1. 2140€ +00
EFFECTIVE DELAYED NEUTRON FRACTION : 3.2000£-03
MEUTRON GEMERATION TIME (3£C) 3 4.3102£-07
DOMIMANTY RIGENVALLR 1|SEC-1) t 1.5916£403

TIME INTERPOLATION PARMATERS

APLITUDE FUNCTIONS : SINOLE INTERPOLATION W M“'ﬂ L MODE
MOOL EXPU 0. 00840087 }

SHAPE PUNCTIONS s OOUBLE INTERPOLATION Of MODE EXP( 0.00£+009T)

MPLITUWDE rUCTIOS

BURLISCH-STOER £XTRAPOLATION noum 18 MOT ASKIOD
MTOMATICAL MICROGTEPSIZE CONTROL IS MOT ASKED
ERROR CONTROL FOR AMPLITUDE mcnuo I8 NOT ASKED

MIBER OF MICROSTIPS [
MICROSTEP VALUL (SEC) + £.5000€-00

| MICROSTEP | oROUP | APLITWOE |

i

B0 OF MACROSTEP

9.5193€-01
3.2000€-03
4. 2993E-07

9.0984¢ +00
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hl

NPLITUDE VALLE IM GROP 1 g 1.07388 +0L 2,00438+02
APLITUDE VALLE IN GROP ¢ 1 8.4427E+01 1.5995E+02
WP FULTIONS
CONVERGENCE CRITERION FOR SHAPE FUNCTION ITERATIONS ¢ 1.8000%-03
| ITERATION | CPU TIME | TOTAL POMER | COMWENGENCE | GROwP | PSEWR0- | POMER PRACTION |
§ MBER I (50 ] OuIT) ] IA'I'I 1 MR | EIGEMVALLE | [£4) I
‘ 3 ‘ o.n ‘ 3. 645REE 411 I 7.308-0% ‘ 1 l 1.0001£+00 ' 78.87 I
4 9. 5821£-01 21.13
FAXTIAY AELATIVE CHANEE OF THE SHAPE RINCTIONS OVER THME MACROSTEP *  4.001%-02
TOTAL CPU TIME USED FOR SMAPE FUNCTION CALORATION IN THIS NENTON-SOR ITERATION ¢ 0.9 (%XC)
SECINANG OF MACNSTEP D8 OF MACROSTEP
TOTAL POMER OF THE REACTOR (I0) t 1.91712.08 3.604 9408
BERGY AELEASE OVER THME MACROSTEP (RJ) ¢ 3.13838+02
-
-
-
e R
(38C) [T}
8. 000008 -3 1Nns.7n
§. ZE000E -03 7067838
6. 500008 ~03 $37687.61
8. T5000E ~03 STIARX .47
9. 000008 ~03 344688 . 29
CONWVERGENCE CRITERION FOR PONER 1.0000€ -0t CONMERCENCE RATE FOR POER 1 £.1887R-0L
CONVERGENCE CRITERION POR REACTIVITY l 1.nooo¢-o: CONVERSENCE RATE FOR REACTIVITY ¢ 4.4R78E-03


http://n7M7.il

,f THERDMYORMAIC AESATS

YODR = 9.0000E-03 (88L)

TOPERATURE IN W CORE t 1.53470¢+43 (MES. K)
DERSY BELEASES IN THE CORE * I.7979E+08 (J)

4 MACRO TI'E STEP MO 5 o

4 MNEMTON-SOR ITERATION MO 3 o

BEOTNING Of MACRO TIME STEP ¢  6.00008-03 (SEC)
DO OF MACRO TIME STEP :  9.0000¢-03 (S£C)
J—————
.IIIIIIIIEIII a8
POINT-KINETICS PARNETERS
MGINGMNE OF MACROSTEP IND OF MACROSTEP

TUTAL REACTIVIYY (#) : 1.210014+00 9.5521¢-01 ‘
:mcnv: DELAYED NEUTRON FRACTION ¢ 3.2000€-03 3.2000€-03

MEUTRON GEMERATION TIME (SEC) : 4.3102£-07 4.29%E-07
OOMINANT EIGENVALUE {3£C-1) ' 1.5916£403 9.0435% +00

TIME INTERPOLATION PARAUTERS !

AMPLITUDE FUNCTIONS : SINOLE INTERPOLATION OF ~ FUNDAMENTAL MOOE
- MOOL EXP( 0.00f+00#T)

SHAPE FUNCTIONS ¢ DOUBLE INTERPOLATION OF MODE £50°( 0.00€+008T)

NPLITUWDE FOKTIONS

BURLISCH-STOER EXTRAPOLATION PROCEDURE IS NOT ASKED

Aumuncn. O(!CMT!PS!Z! CM‘OI. l’ NOT ASKED
AROR CONTROL FOR AP ONB I3 NOT ASKED

MUIGER OF NICROSTEPS [ )

MICROSTEP VALUE (SEC) +  2.50008-04

| MOCROSTEP | GROL® | NPLITUWE |



COMVERGENCE CRITERION FOR SHAPE FUNCTION ITERATIONS :

| TTERATION | CPU TIME | TOTAL POMER | CONVERGENCE | GROUP | PSEUDO- | POMER FRACTION |
I i (380 [} (MATT) i RATE 1 R IGENVALLE | [£3]
1 ‘ 0.9 ' 3.692708 11 I .06 00 I 1 l 1.0001£+00 78.87
z 1.0738E+00 2.8
MAXIMAM RELATIVE CHANGE OF TNE SHAPE FUNCTIONS OVER THE MACROSTEP ¢ 3. 9S13E-0R
TOTAL CPU TDME USED FOR SHAPE MUNCTION CALCULATION TN TMIS NEWTOM-SOR ITERATION @ 0.92 (SEC)
BESDIING OF MACROSTEP OF MACROSTEP
TOTAL POMER OF THE REACTOR (MM) H 1.91725+05 3.692TE 0B
ENERSY RELEASE OVER TME MACRGSTEP (MJ} ! J3.18537E+02
PONER
1.1}
19171s.73
2708%. 36
334767.18
375481.78
34924%.78
L] 1 1.00008-02 CONVERGEMCE RATE FOR POMER I 1.781BE-02
CRITEAION FOR REACTIVITY ¢ 1.0000£-02 CONVERGENCE RATE FOR REACTIVITY ¢ 3.4345£-0%

e
(3€C}

4.00000¢-03
$.25000¢-08
8.50000¢-03
4.75000¢2-03
4.000001-03

1.517¢8+02
1.19392+02

1.4907¢+02

2.10048 202
1.649484+02

2.0700% «02
1.61978+02

I
I
1.0928 02 l
[}
]
|

1 1 1.07388 402
3 B 8.04278+01

B OF MACROSTEP

2.0700K +02
1.61978+02

1.0000E-03

COMVERGENCE CRITERION POR PONE|
RSENCE
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THERONYORMAIC SEMATS

TINE = 9.0000E-93 (SEC)

TOPERATURE IN TVE CONE 1 1.337898+03 (DEG. K)
ENERSY RELEASED IN THE CORE ! 3.00%5E+08 (J)

]

4 MACRO TINE STEP L

¢ MEMTON-SOR ITERATION NO 4

L]

BECDOENG OF MACRO TIME STEP :  8.00008-03 (38C)
0o OF MACRO TIME STEP : 9, 0000E-OS (SEC)

NATS

NEUTRONIC RE
SEESSERREESSINESREN

POINT-RINETICS PARMETERS

SEGINNING OF MACRUSTEP

TOTAL REACTIVITY 1.21408+00
‘ffECT!V! BCLM‘!D ﬁm IIACT'W 1 3 20008 -03

RATION TIME (SEC 4.3102€-07
DOPINANT EiQENVALLE (SEC-1) ' 1.5%918£+03

TIME INTEAPOLATION PARAMATERS

9.8324£-01
3.2000¢-03
4.2999¢-07

9.40158470

APLITUDE PUNCTIONS : SINGLE INTERPOLATION OF - PUNDAMENTAL MOOE
= MODE EXP( 0.00C+00#T)

SHIPE FUMCTIONS t OOUBLE INTERPOLATION OF MODE EXP( O.00F+00#T)

BURLISCH-STOER EXTRAPOLATION nuum 18 'ﬂT ASKED
AUTOMATICAL MICROSTEPSIZE CONTROL IS NOT
ERROR CONTROL FOR AMPLITUOE mr:m 13 'OT ASKED

NIBER OF MICROSTEPS 1.
MICROSTEP VALLE (SEC) 1 1.50008~04
-
-

| MICROSTEP | GROLP | APLITWDE
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L AR AR L AN 1 J !

B OF MACROSTEP

NPLITDE VALE IN GaOp ) ] 1.07388+02 2.08528+02
AMPLITUDE VALLE IN GRO\P 1 : 8.44271401 1.6000¢+02
PO FUKCTIOS
COMVIRGENCE CRITERION FOR SHAPE FUNCTION ITERATIONS : 1.00008-03
|mnﬂmzmmlwm.-u¢llmmulml PSEUDO- | POMER FRACTION |
i Weex (sEC) | {NaTT} ] RATE | NOER | EIGENVALLE | X} ]
| 1 i 1.10 ‘ 3.666208412 ‘ 2.392-0% l 1 i 1.00012+00 l 78.87 1
t 1.0875¢+00 £1.1% ]
MAXIS RELATIVE CHANGE OF THE SHNAPE FLICTIONS OVER THE MACROSTEP @ 3.9751E-02
TOTAL CPU TIME USLO FOR SHAPE PUNCTION CALCIRATION IN THIS NEMTOM-SOR ITERATION . 1.10 158C)
SECINGING OF MACRSTEP B8 OF RACRDSTEP
TOTAL POMER OF TNE REACTOR (M) 1 1.91728 08 3.666ZE 08
EMERGY RELEASE OVER THE MACROSTEP (WJJ ¢  §5.14480+02
-
-
-
e POER
(S8C) ()
4.000008-03 178,73
§.28000€-03 270770. 28
8. 50000¢ -03 358146. 08
8. 75000£-03 373955.18
4.00000E-03 366613.59
CONWERDENCE CRITERION FOR SCMER *  1,00008 COMWVERGENCE RATE FOR POV IR t  7.21778-03
CONVERGEMCE CRITERION FOR REACTIVITY ¢ 1.00008-02 COMVEROENCE RATE FOR REACTIVITY :  £.0664E-03
RTED REACTIVITY (8) : 1.593SE+00
FEEDBACK REACTIVITY f{ 1 =6,4027€-01
TaTAL REACTIVITY (9) :  9.5324E-01
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¢ MWACRO TIME STRP L ]

*  MEMTON-S0R ITERATION MO 1

*

BEGDNING OF MACRD TIME 1'
0o OF MACROD TIME STE

T3
SUSSESEROSEIRSRENEN

wane  MEN IMSERTION OF AOD MO 1 ¢

POINT-KINETICS PARMETERS

YED NEUTRON
UTRON GENERATION TIME (SIC)

OOMINANT EIOENVALUE (SEC-1)

TR IDNTERPOLATION PARAMATIRS

PR

9.530M8-01
3.z0008
4. 2999%-07

9.4015¥ +00

AMSUITUE FIETIOS : SINGLE INTERPOLATION OF - mm

AL MODE
WDE DP( 0,008 +000T )

SHAME FUNCTIONS t OOULE INTERPOLATION OF MODE EXCP( 0.00E+00wT)

AUTOMA'
ERROR CONTROL F

=ISIR OF MICROSTEPS L 3

“SHICROSTEP VALUE (SEC) 1 2.50008-0%

MICROSTEP

APLITUDE

1.88728+02

1
VALUE 1
|
1.0515E+02 |

1.60688+02
1.2544€ 02

1.3316E+02

— wm v o P e
e

|

|
1.03008+02 |
1.0879¢+02 ,

2604E+01

COMWERGENCE CRITERION FOR SHAPE MUNMCTION ITERATIONS :

2. 08578002
1.60808 +02

1.0000¢-03

4.000448001 (CH) wmn

1.0879¢+02
8.20048+0)

| ITERATION |
1 NeER |

cou TIME |
1SEC) |

TOTAL POMER | CONVERGENCE |
RATE

(MATT } ]

¢

| PSEUDD- | POMER FRACTION (
ER | EIGENVALLE l} (zy i

0.9

1.884008011

1.86E-02

6.59%%31+00 21.10

P
i

J
]
1.88899€+11 :

7.332-08

4. 9954E-01 78.9%0
6.3943E200 21.10

US|

l 9.9865£-01 78.9%0
]
i

MAXIMUN RELATIVE CHAMGE OF THE SHAPE FUNCTIONS OVER THE MACROSTEP ¢

2.3715¢8-02

TOTAL CPU TIME USED FOR SHAPE FUNCTION CALCULATTON IM THIS MEWTON-SOR ITERATION ¢ 1.14 tSEC}

«=TOTAL POMER OF THE REACTOR (M¢)

SEGINNING OF MACRUSTEP

ENERGY RELEASE OVER THE MACROSTEP (MJ)

3.60028405
2.83228402

END OF MACROSTEP

1.8860€ 08
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- T
9.000008-43 364423.59
. 25000843 351253.5)
*. 50000 -03 e 98
9.750008-43 TITMIL. A0
1.000008-82 10059089

THERFOMYDRAULIC RESIRLTS

T = 1.00008-02 (SEC)

TENPERATURE IN THE CORE + 1.88298K03 (0€6. K)
ENERGY RELEASED IN TME CORE ¢ 2.693841¢08 |J)
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¢ MACHD TDNE STRP w6 o

*  MENTON-30R TION MO 2 o
SEEB00050C00000990800048 00200008

SEGDOIND OF MACRD YIME STEP :  9.00008-03 (32C)
Of MACRO TIME STEP ¢  2.00008-02 {SEC)
SeBRe! SERaNRSw

SR TS
b TEIuSeasan
POEINT-KINETICS PARAMETERS

BECDNNDNG OF MACROSTEP B0 OF MCROSTEP

TOTAL REACTIVITY 1 2.5308-01 7.98792-01
EFFECTIVE DELAYED MEUTRON : 3.20008-03 3. 200008
NEUTRON GENERATION YDME (S2C) t -299%-07 4.29308-07
OOMINANT EIGENVALLE (SEC-1) ' 9.40158 +00 1.4222£400

TIME INTERPOLATION PARAMATERS

APLITUDE FUNCTIONS ¢ SINGLE INTERPOLATION OF - FUNDAMENTAL NODE
= VODE EXPU 0.00E+00%T)

SHAPE FUNCTIONS t DOUBLE INTERPOLATION OF MOOE EXP{ 0.008+00sT}

NPLITUDE FULCTIOS

DURLISCH-STUER EXTRAPOLATION PROCERRE IS NDT ASKED
AUTOMATICAL MICROSTEPSIZE CONTROL IS MDT ASKED
ERROR CONTROL FOR AMPLITUDE FUNCTIONS IS NOT ASKED

MEFBER OF MICROSTEPS t &
MICROSTEP VALLE (SEC) 3 2,50008-0%

| MCCROSTEP | GO |  AMOPLITWOE |

VALUE |

| 1.8382x402
| 1.4331E+0Z

1.52688+02
1.19108+02

1. 18858 ¢02
9.23559%4+01
8.599%2401
6.690LE+01

-
—— e nn § —
Pebs i Pere | P ) PO
— —— — ——

BECINMING F MACROSTEP 00 OF MACROSTEP

APLITUDE VALLUE TN GROLP 1 : 2.0582% 402 8.59%¢8+01
APLITUDE VALUE IN GROP 2 * 1.4080E+272 6.6901E 901

SHAPE MALCTIONS

COMVERGENCE CRITERION FOR SMAPE FUMCTION ITERATIONS : 1.0000€-03

| ITERATION | CPU TIME | TOTAL PONMER | CONVERENCE | GROUP PSELDO- | POMER FRACTION |
[ 1) (L T (MATT ) | RATE | MBER | EIGENVALUE | [H2) {
1 1 = 0.92 I 1.532938+11 | 9.071-0%3 | 1 | 1.0003£400 | 78.91 |
| | I 2 | 1,60886000 | 21.09 |
| 2 | 0.23 | 1.53298£11 | 1.15¢-04 | 1 | 1,0003£+00 | 78.91 |
I | 1 ] b2 1 2.6088£¢00 | 21.09 |

MAXIMUN RELATIVE CHAMOE OF THE SMAPE FUNCTIONS OVER TWE MACROSTEP : 35.2706£-02

TOTAL CPU TIME USED FOR SHAPY FUMCTION CALCULATION IN THIS MENTON-SOR ITERATION : 1.1§ (SEC)

SEGINNING OF MACROSTE® END OF MACROSTEP
TOTAL POMER OF THE REACTOR (V) : 3. 66420408 1.53298+08

mENERGY RELEASE OVER THE MACROSTEP (MJ) @ 2,4748E+02


http://S5215I.il

380 1
9. 00000583 358423.8¢
2. 250008 -03 3INL.53
. 50000L 03 72214 08
2. 750008 -3 17n1341.77
1. 00000¢ -62 153294.88
CONVERDENCE CRITERION FOR POMER s 1.00008-02
CONWERGENLE CRITERI REACTIVITY ¢t 1.0000E-02
-
-
THERONYORAAIC FESIATS
THE = 1.00006-02 (SEC)
TOPERATURE IN TME CORE : 1.501110008 (DEG. K)

EMERGY RELEASED IN THE CORE : 2.B44022+08 (J)



* MACRO TIME SYEP w s o

s MDXTON-SOR ITERATION NO 3

SLTS

NEUTROWMIC RE:
esssusnssEREncnanse

POINT -KINETICS PARNETERS

TOTAL REACTIVITY 16)
EFFECTIVE DELAYED NEUTRON
NEUTRON CENERATION TDE (SEC)

DOMINANT EXGENVALLE (SEC-1)

TDE INTERPOLATION PARAMATERS

APLITUDE FNCTIONS @

SHAPE FUNCTIONS '

NOLITWE FUNCTING
-

9.53008-01
3.2000E-03
4.2999%~-07

SINBLE INTEYOLATION OF - PUNDAMENTAL

Moot
~ MODE EXP( ©.00E+00wT)

DOUBLE INTERPC'ATION OF MODE EXXP( 0.00C+00WT)

RMLISCH-STOER EXTRAPOLATION PROCEDURE IS MOT ASKED
AUTOMATICAL MICROSTEPSIZE CONTROL IS
ERROR CONTROL FOR TUDE

MOT ASKED
NPLITUDE FUKCTIONS IS MOT ASKED
NMIBER OF MICROSTEPS 1 8
MICROSTEP VALLE (SEC) 1 2.50008-00
-
.
| }ECROSTEP | OROUP |  MPLITUDE |
| e | mem | vaLe !
' 1 1 1 | 1.se0me02 |
) i T | T.essekeor |
i t 11| 1sampar |
It 1.20038402
1 T 1 1 | 1.200e8e02 |
f i 2 i e.sseme01 |
| ¢ L | glueea
I 2 7.1098¢01 |

APLITUDE VALLE IN GROLP 1
APLITUWE VAL IN GROUP

SHAPE FUNCTIONS

8.16328-01

DO OF MACROSTEP

s 2.05BIE 402 9.13588+01
z : 1.60808+02 7.10%8+01
COMVERGENCE CRITERION FOR SMAPE FIBCTION ITERATIONS : 1.00000-0%
| ITERATION | CPU TIME | TYOTAL POMER | COWERGENCE | CROUP | P3EUDO- | POMER FRACTION |
| MBER I (sEC) | (MATT) | RATE | MBER | EIGENVALLE i Zy |
| 1 ‘ 0.9 1.628858+11 ' 2.7M-08 l 1 | 1.000%¢ +00 ’ 768.91 1
] 4 1.89881+00 21.09 |
! 4 1 0.23 | 1.620858+)1 ' 3.78¢-08 I 1 | 1.0008t+00 | 78.91 {
i | i T | 1.8968«00 | 21.09 i
MATMUM RELATIVE CHANGE OF THE SMAPE FLNCTIONS OVER THE MACROSTEP :@ 2.9975£-02
TOTAL CPU TIME USED FOR SHAPE FUNCTION CALCULATION IN THIS MENTON-30OR ITERATION ¢ 1.12 (s£C)

TOTAL POMER OF THE REACTOR (09¢)

BIGIMNING OF MACROSTEP

H

mENERGY RELEASE OVER TME MACROSTEP (MJ)

3.66020408
2.72028 02

IND OF MACROSTEP

1.6208E 408
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SEEsEsEEeIsIREsIsEaTARE
THE C MSATS

TIME = 1.00008-02 {3%C)

174318.73

TENPERATURE IN THE CORE

CONVERGENCE RATE
CONVERSENCE RATE

-

s 1.500420+03 (DEO. K}
EENSY RELEASED IM THE CORE ¢ £.587318+08 (J)
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WCRO T STRP L K J

NEXTON-30R ITERATION MO &

MCDOING OF WACRO TDE STEP
oo OF WCRD TDR 3STEP

SULTS

NEUTRONIC R
sssaussEIENaNERSSEs

POINT-KINETICS PARMNETERS

TOTAL REACTIVITY ()
EFFECTIVE OELAYED MEUTROM
NEUTRON QENERATION TIME (SEC)

OONINANT EXGEMVALLR (SEC-~1)

TINE INTERPOLATION PARAMATERS

$.00008 03
1.0000€ -02

-
-

DESINMING OF MACROSTEP

1 9. 5348 -01
2000% -03
$.299%-07

ANPLITWE FUCTIONS : SINGLE INTERFOLATION OF - FUNDAMENTAL

noDE
~ MCOE DI 0.00€ +00WT)
SHAPE FUNCTIONS t OODUBLE INTERPOLATION OF MODE EXP( 0.00E+00wT)

TION PROCEOURE IS mﬂmo
NPLITUDE RMCTIONS IS NOT ASKED

WMPSER OF MICROSTEPS

t 8
MICROST®P VALUE (SEC) 1 2.5000C-00%

| KICROSTEP | GROUP | NPUITWDE |

il

[ ] i wem | VALLE |
| 1 I 1 | 3.83%ge02 |
1 ot ) X.e369402 |
i t 11 l 1.54318+02 '
i 2 1.2040€ +02
! 3 I 1 [ 1.2:488e02 |
1 I & | 9.46638001 |
| . ' 1 ‘ 8.9832£+01 I
z 6. 9902E+01

CONVERGENCE CRITERION FOR SHAPE FUNCTION ITERATIONS ¢

1.0882¢ +02
1.6080E 402

1.0000E-03

B 0F MACROSTEP
8.11435-01
3.2000£-03
9. 29228-07

1.3690E+00

8. 98328 +01
6. 95028 »01

—

| ITERATION | CPU TIME | TOUTAL POMER | CONVERGENCE | GROWP | PSEUDO- POMER FRACTION |
[ | tsgc) | (MATT ) | RATE | NBER | EIGENVALU (¥4)
) 1.0% 1.601338+11 : [} 1.0004€ +00 78.9

8.36E-0% I

1 1.9%80£+00

RAXIMM RELATIVE CHANGE Of TME SHAPR FUNCTIONS OVER THE MACROSTEP

TOTAL CPU TIME USED FOR SKAPE FUNCTION CALCULATION IN THIS MENTON-SOR XTERATION ¢

TOTAL POMER OF THE REACTOR (M94)

BECINNING OF MACROSTEP
t 3.6662L+08

ENERGY RELEASE OVER THE MACROSTEP (MJ) t.707%E 402

3.08108-02

IND OF MACROSTEP
1.6013£+08

1.09 (3¢C)
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o roar 156
(SEC) [ 1}
9.00000¢-43 346623.89
3. 250008 -03 SLT90. 46
9. 50000¢ -03 75148.18
9. 750008 -03 2165%¢.80
1. 000008 -02 160133.28
CONVERGENCE CRITERION FOR POER l D000E-02 CONVERGENCE RATE FOR POMER 1.49958-02
COMVERGEMCE CRITERION FOR EH.'I’MI‘V 1.0000¢-02 CONVERGENCE RATE FOR ll.tﬂvr“ 6.0191£-03

i

THERMONYORALIC RESULTS

TIME = 1.00008-02 (SEC)

TENPERATURE IN THE CORE 3 1.54348E+05 (DEO. K}
EMERGY RELEASED IN THE CORE ¢ 2.3756462+08 (J)
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+ WACRD TINE STRP ND & o

+ MENTON-S0R ITERATION MDD 5 o

POINT-KINETICS PARAMETERS

BEGINGND OF MACROSTEP DD OF MACROSTEP
TOTAL REACTIVITY () $ 9.53248-01 8.1M26-01
EFFECTIVE DELAYED NEUTRON FRACTION : 3. 20008 -03 3.2000¢ -03
MEUTRON CEMERATION TIME (38C) : 4.299%-07 o.2922¢8-07
OOMINANT ETQENVALUE (SEC-1) t 9.40158+00 1.58722 +00

TIME INVERPOLATION PARAMATIRS

MPLITUE FACTIONS : SINGLE INTERPOLATION OF - FUNDAMENTAL MODE
- MDE D 0,008 +00nT)

SHAPE FUNCTIONS : DOMWLE INTERPOLATION OF MODE DXPt 0.008 +00NT)

APLITRDE FUCTIONS

BURLISCH-STOER EXTRAPOLATION PROCEDURE IS NOT ASKED
AUTOMATICAL MICROSTEPSIZE CONTROL IS NOT ASKED
ERAOR CONTROL FOR AMPLITUDE FUMNCTIONS IS NOT ASKED

MIDER OF MICROSTEPS Y
MICRUSTEP VALUE (SEC) ¢ 2.50008-06
-
-
| /gcrosTEP | RO | APLITWE |
"
[} [ 1} i mmgm | vauR 1
] 1 1 1 { 1.83988+02 |
| I 2§ Qesrect |
1 2 ‘ 1 l 1.54494+02 |
i H 120888008 |
1 5 ! 1 | 12610 |
| It 1 saese0d |
1 © 1) yoner
i 2 7.0238£+01
BEGTINING OF MACROSTEP END OF MACROSTEP
NPLITUDE VALE IN OROP 1 ' 2.08521402 9.02628+01
APLITUE VALE IN OROUP 2 : 1.60808 +02 702386401

SHAPE FUNCTIONS

CONVERGENCE CRITERION FOR SHAPE FUMCTION ITIRATIONS ¢ 1.0000£-03

| ITERATION | CPU TIME | TOTAL POMER | COMVERGENCE | OwOUR |  pseuDo- | POMEIR FRACTION 1
| NBER | orseey | (MATT) 1 RATE | NBER | EIGENVALLE | 7y, |
1 1 | 1,09 1.409008¢11 | 9.71E-08 | 1 | 1.0006E¢Q0 | 78.91 |
! i i | 2 | 2.0708£400 | 21.09 |

MMM RELATIVE CHANGE OF THE ZMAPE FUMCTIONS OVER TME MACROSTEP : 3.05778-01

TOTAL CPU TIME USED FOR SHAPE FUNCTION CALCULATION IN THIS MEWTON-SOR ITERATION 1.0% 1S£C)
SECINNING OF MACROSTEP END OF MACROSTEP
TOTAL POMER OF THE REACTOR (M) ! 5. 60621408 1.6090€ +08
ENERCY RELEASE OVER THE MACROSTEP IMJ) | Z2.7116£+02
-
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DR
13%C) )
9.000000-03 3440623.59
9. 25000808 3. 0
9.500008 -03 175490.48
9. 750008 -03 anrr.a
1.000008-02 16009900
CONVERGENCE CRITENION FOR PORR 1 1.0000¢-02 CONVERGENCE RATE FOR POMER 1 &.70ME-03
COMVERGENCE CRITEAION FOR REACTIVITY t 1.0000E-0% CONVERGENCE RATE FOR REACTIVITY :  1.7040£-03

INSENTED REACTIVITY (6}
FEEOBACK REACTIVITY (8
ToTAL REACTIVITY (§)

1.76328+00
9. SOVOE-01
8.1282E-01

Ul

BEGINNING OF A HEMN RACRO TINME STE?P

SELECTION MODE FOR MACRO TIME STEP : TIME STEP FIXED BY THE UBER

MACRO TIME STEP VALLE '  1.0000£-03 (3IC)

VALI.S PREDICTED BY THE KAGANOVE METHOD :

ESTIMATED POMER AT THE END OF THE MEM MACROSTEP ! 6. TEBGE0N (P4)
ESTIMATED ENERSY RELEASE OURING THE MEN MACROSTEP  :@  9.9%62E+01 (MJ)


http://M44ZS.lt
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THEWONYDRAULIC RESILTS

TINE = 3.1000€-02 {8222

TEPERATURE IN ™.: CORE t 1.61933E+03 (0E9. K)
EMERGY RELEASEC ") TME CORE t 9.56130€+07 (J)

|

' + MACRO TIME STEP N 7 e

4 NENTON-SOR ITERATION NO 1 o

NEUTRONIC TS
aEusasesusssuREsness

wowe  NEM TNSEATION OF AOD NO 1 @ ©.023331+401 (CM) meenm

POINT-KINET(CS PARAMETERS

BECINMING OF MAZROSTEP END OF MACROSTESP
TOTAL REACTIVITY ( : 8,1282€-01 8.7871£-01
EFFECTIVE DELAYED ° <u‘na4 FRACTION : 3.2000¢ -03 3.2000£-03
MEUTRON GENERATION /IME (3£C) : .. 29228-07 4. 2920£-07
OCPOINANT EIGEMVALUE (3EC-1) ! 1.58728+00 5.00Z7€+00

TIME INTERPOLATION PARAMATERS

ANPLITUDE FUNCTIONS © SINGLE INTERPOLATION OF - FUNDAMENTAL MOOE
- MOOE EXPt O.0OE+008T)

SKAPE FUNCTIONS : DOUBLE INTERPOLATION OF MOOE EXP( 0.00€¢00#T)

-WLXT\M mcrxu

BURLISCH-STORR EXTRAPOLATION PROCEDURE S NOT lﬂ!ﬂ
AUTOMATICAL MICROSTEPSIZE CONTROL IS NOT ASKED
ERROR CONTROL FOR APLITUDE FLMCTIONS IS MOT ASKED

=FSER OF MICROSTEPS t 8
SSHICROSTEP VALUE (S€C) 1 L.P000E-08

i1}



MPLITIDE VALUE
VALUE

NPT

SHAPE FUNCTIONS

———.—— - ————

CONVERGENCE CRITERION FOR SMAPE FINCTION ITERATIONS

| ITERATION } CPU TDE | TOTAL POPER | COMVERGENCE | OROWP | PSEUDO- | POMER FRACTION |
[T ] 1 (seC) (MATT) | RATE | MBER | EIGENVALWE | (F4) 1
| 1 1 o.M ; $.67475E410 l 3.61E-02 l 1 I 1.0001E+00 ‘ 78.93 I
| 1 H —$.2909%€+00 .07
1 t | 0.22 | S.674828410 | S.08-06 | 1 | 1.0000Ee00 | 78.93 ]
1 ] ] 1 1 2 | —$.299%+00 | 21.07 ]
MOGMM RELATIVE CMANGE OF THE SHAPE FUNCTIONS OVER THE MACROSTEP 5 2.01138-02
TOTAL CPU TIME USED FOR SMAPE FUNCTION CALCULATION IN THIS NEWTUN-SOR ITERATION : 1.13 (SEC)

NOLITUDE
VALUE

6.555A8 +01
5.09%068 +01

4. 9507 +01
3.0085E +01

3.89128 «01
3.0253¢+01

MICROSTER
R
1
e
3
.

— - - -

3.10408€ «01
T.ATIZE 0L

v eROL»
GRO®

BESTMNING OF MACROSTEP

9.02628+01
7.02388+01

3. 1048¢ +01
2.47328401

1.0000§-03

aTUTAL PONER OF THE REACTOR (MM)

EMERDY RELEASE OVER (NE MACROSTEP (MJ)

e
ISEC)

1.00000¢-02
1.02500¢-02
1.085000€-02
1.07500€-02
1.10000¢-02

160899.00
116042 64
%228.51
€9338.68
56745.23

L3

SIGINMING O7 MACROSTEP

1

1,60908+05
9.580%+01

D OF MACROSTEP
5.67ASE 0%
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THERPONYDRALLIC RESULTS

TIME = 1.10008-08 (SKC)

TOPERATURE IN THE CORE t 1.61573E+03 (DEO. K)
ENERGY RELEASED IN TME CORE ¢ 9,113522£+07 (J}

-
-
-
¢ MACRO TIME STEPF w7
¢+ MEMTON-SOR ITERATION WO Z
BECINGNG OF MACRO TR STEP 1.0000€-02 (3SiC)
o OF MACED TIME STEP 1.1000€-02 ¢3£C)

NEUTRONIC RESULTS
SmasEsESESsEsEASes

POINT-LINETICS PARAMETERS

SECTINING OF MACROSTIP

REACTIVITY : 8.1282€-01
l'FlCﬂVI D!LAYID uunoc FRACTION @ 3.2000E-03
NEUTRON GENERATION TIME (SEC) ' ®.2922£-07
DOPLINAMT EJCENVALUE (SEC-1) f 1.58728+00

TIME INTERPOLATION PARMNATIRS

AMPLITUOE FUNCTIONS : SINGLE INTERPOLATION OF - wﬂl

L MOOE
t EXP( ﬂ OOE +00#T )
SHAPE FUNCTIONS ¢ DOUBLE INTERPOLATION OF MODE EXPU G.00E+00aT)

NPLITWDE m'rxuc

BURLISCH-STOER EXTRAPOLATION PROCEDURE I8 lQT ASKED
AUTOMATICAL KICRBT!PSXZ! CONTROL IS NOT ASKED
ERROR COMTROL AMPLITUDE FUMCTIONS IS MOV ASKED

MLMBER OF WMICROSTERS [ ]
MICROSTEP VALUE (SEC) ! 2.50002-08

| racrOSTEP | GROUP | APLITWE |

END OF JMACROSTEP

8.82%E-01
%.2000£-03
4.28%7E-07

$.1232€+00
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&.56028 +01
5.10208+01

! !
| I
l 4.9640E+01 l
] i
I t
| l

3.0899E+01

3.91888 01
5.0040F +01

3.2243E¢01
2.5032E+01

LR L RN T B¥ 1. !

9.02628E+01 3. 22018001
7.0238E+01 2.5032£+01

ANPLITUDE VALLE IN
NPLITUDE VALLE IN GROP 2 2

E
-

SHAPE FUNCTIONS

CONVERGENCE CRITERION FOR SMAPE FUNCTION ITERATIONS : 1.0000£-0%

| ITERATION | CPU TIME | TOTAL POMER | CONVERGENCE | GROUP | PSEUDO- | WBER FRACTION |
i NBER | 1sEC) | {HATT) ] TE | NBER | €IgEWVALE | [E3 N ]
I 1 l 0. ‘ B.Te443E+10 1 1.15-03 | 1 l 1.0006§ +00 7.3 1
i ] e =1.9Z0%¢ 200 21.07
1 2 | 0.22 | S.7045%+10 | 5.82-05 | 1 | 1.0006k+00 | 7..93 i
] { i ] I 2 1 -1,9208E000 | 121.07 i
MAXTMUM RELATIVE CHANOE OF THE SHAPE FUNCTIONS OVER THE MACROSTEP @ 2.0112£-02
TOTAL CPU TINE USED FOR SNAPE FUNCTION CALCAATION IN THIS MENTON-SOR ITERATION ¢ 1.14 (32C)
SECINING OF MACROSTEP 20 OF MACROSTEP
TOTAL POER OF THE REACTOR (M} ] 1.60901+08 5. T4asE 00
«sENERGY RELEASE OVER THE MACROSTEP (MJ) ¢ 9.4107EeQ)
-
-
TIME POMER
(S€C) (")
1.00000¢ -02 160099. 06
1.02800£-02 116927.40
1.05000¢ -02 88500.50
1.073002-03 49023.76
1.10000€ -02 S7445. 98
CONVERGENCE CRITERION FOR PONER L B -0 CONVERGENCE RATE FOR POMER 1 1.21%88-02
CONVERGIMCE CRITERION FOR REACTIVITY ! 1.00008-02 CONVERGENCE RATE FOR REACTIVITY ¢ &,8108£-03
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THERONYORMAIC RESATS

T™OE = 1,10008-0¢ (9EC)

TEPIRATE I NE COME 5 1.615%E+03 (009. K)
DNERDY RELEASED IM TME CORE ¢ 9.1415TE«07 (J)

(|

¢ MACRO TIME STEP N T .

¢ MEMTOM-SOR ITERATION WO 3 o

SECTMMING OF MACRO TIME STEP !  1.00006-02 ISEC)
END OF MACRO TIME STEP : 1,10008-02 |SEC)
POINT-RINETICS PARMMETERS
MOINGNG OF MACROSTEP END OF MACROSTEP
TOTAL REACTIVITY (8} ) 8. 1282601 8.8209%-01 .
EFFECTIVE DELAYED NEUTROM FRACTION : 3.2000£-03 3.20006-03
HEUTRON GENERATION TIME (SEC) : 6, 2922E-07 . 289§ -07
DOMIMNANT EIGENVALUE [3£C-1) : 1.5872€+00 3.1102€+00

TIME INTERPOLATION PARAMATERS

APLITWE RACTIONS @ SINGLE INTERPOLATION OF - FUMDAMENTAL mMOOE
~ MODE EXP{ 0,00E+00%T)

SHAPE FUNCTIONS : DOUBLE INTERPOLATION Of MDOE EXP( 0.00f+008T)

MPLITOE RACTIONS

BURLISCH-STOER EXTRAPOLATION PROCEOURE 1S NOT ASKEL
AUTOMATICAL MICROSTEPSIZE CONTROL IS MOT ASKE
ERROR CONTROL FOR AMPLITUDE FUNCTIOMS IS NOT ASKED

MOBER OF MICROSTEPS [ )
MICROSTEP YALUE (SEC) t 2,5000-0%

| MICROSTEP | GROW | APLITUDE |



1 mer § mer| vaum 1
1 1 1 1 | e | 104
i I £ | B1elekel |
[ e |1 i $.sam001 |
4 3.08848+01
) 31 11y )
3 It 1 SoslTEead
' L] ' 1 I 3. 22008 v01 l
z 2.499%+0)
BITDNING OF MACROSTEP B0 OF MACROSTES
NPLITUDE VALE TN GRL® 1 t 9.0262£40) 3. 22008401
NPUTUE VAR IM GRLP 4 t 7.0238£+02 Z.9999 401
SHAPE FUCTIONS
COMERGEICE CRITEATON FOR SKAPE FMCTION ITERAYIONS ©  1.0000E-03
| ITERATION | CPU TIME | TOTAL POMER | CONVERGENCE | OROUP |  PSEUDO- | MOMER FRACTION
| MBER | (SEC) {  (MATT) i mATE 1 MER | wmEEWALLE | 1) )
' 1 , 0.91 l $.73703¢+10 l 2.53¢ 08 I 1 | 1.0006E +00 I 78.93
E -1.70108 +00 21.07 l
ROKIAM RELATIVE CAAVGE OF THE SHAPE FUNCTIONS OVER THE MACROSTEP : 2.0117E-Of
TOTAL CPU TIME USED FOR SNAPE FUNCTION CALCULATION IN THIS MENTIN-SOR ITERATION : 0.9 (3%C)
SECTNNING OF MACRIOSTEP O OF WCROSTEP
TOTAL POMER OF THE REACTOR (MN) z 1.60%0E+03 5. 73TUE+08
DMERGY RELEASE OVER TWE MACROSTEP (MJ) :  9.6073E+01
-
-
™E roen
(SEC} (™)
1.00000£-02 16089904
1.02500€-02 116917.%
1.05000€-02 29070, 9%
1.075008-02 977135
3.100008 -02 87370.28
COMVERGENCE CRITERIGN FOR POMER 5 3.0000€-02 CONVERGENCE RATE FOR POMER t 1.3189-03
CONVERCENCE CAITERION FOR REACTIVITY : 1.0000£-02 CONVERCENCE RATE FOR REACTIVITY ¢+ 3.0816E-08

INSENTED REACTIVI
FEEDBACK REACTI
TOTAL REACTT

2 1, 93192400
i ~1.0893£+00
8.8249€-01

59
333
se2

i}
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SEOINNING OF A NEN NHACRO

TINE

sTEYP

SELECTION MDDE FOR MACRD TDR STEP : TDME STEP FDXED BY TME USER

MACRO TDME STEP VALUE ' 1.0000£-03 (SEC)

VALLES PREDICTED SY THE KAGAMVE METMOD :

FATIMATED POMER AT TWE END OF THE NEM MACROSTEP I A.6621E+08 (M)
ESTIMATED ENERGY RELEASE DURING TME NEN MACROSTEP :  &.7893E+01 (MJ)

il

THERMOHYORAULIC RESIATS

TDE = 1.20006-02 (SEC)

TEPIRATURE IN THE CORE : 1.68186E+03 (DES. K)
EMERGY RELZASED IN THE CORE @ 4.575302+07 (J)



+ WcED TDR STRP L]

o MENTON-30R ITERATION WO 1

1.10008-02 {SEC)

SEChemn
oo 2000802 (SEC)

OF MACRD TINE STEP ©
OF MACRO TIME STEP 1.

SERREESENSSSSNEANEE
C RERLTS

seus WD INSERTION OF ROD W@ 1 @

POINT-RINETICS PARNETERS

SESDING OF NACROSTRP

TOTAL REACTIVITY (8} 1 8.826%-01
EFFECTIVE SELAYED MEUTIIM : 3. 20008 -03

MEUTRON GEMERATION TR (3EC) : 0 8L -07
OOMINANT EXGENVALLE (3EC-1) s 3.1102x 000

TIME INTERPOLATION PARAJATIRS

MNTUTUDE FACTIOE © mlum-nunuw-

FUNDAMENY AL
~ Mot EXP{ 0. MM)
DOUBLE INTERPOLATION OF MODE DO ©.00E+00eT)

SHAPE RUNCTIONS t

=APLITUOE mcnaa

ML TSCH-STOER EXTRAPOLATION PROCEDURE IS MOT ASKED
AUTOMATICAL u:ansnnxn CONTROL IS NOT ASKED
ERROR CONTROL FOR AUPLITUDE RUACTIONS [S NDT ASKED

MIBER OF MICRSTEPS oy
GCAOSTEP VALUR (SEC)  ©  2.5800F-0%
"
| McROSTIP | GeoLe | AwLITUOR |
I beER 1 MR | vAUR 1
1 10t | 2.790e01 |
[ It 1 2.lesefe0} |
! T pameen
Iz 1.99938+01
4 3 f 1 | psa758401 |
| 12 1 L9e0sEe0d |
! ST nemaeen
H 1.03a28+01

BEQINMING OF MACRUSTEP
APLITUDE VALUE TN GROLP 1 : $. 21008401
APLITUDE VALUE IN GROUP 2 t 2.4999E 001

SMAPE FUNCTIONS
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3.990008 01 (CM) ewew

B OF MACROSTEP

1. mﬂﬂ
2000€ -0

O.!lm-07

7.50092 401

2.62368 401
2.03421401

CONVEROZICE CRITERION FOR SHAPE FUMCTION ITERATIONS : 1.0000E—03 ,
| ITIRATION | CPU TIME | TOTA |. mn | COMVERGENCE | GROUP | PSEUDO- POMER FRACTT
1 eEr ] orsc) 1MATT) I RATE I MBER | EIGENVALUE I (Ed) ™ l
] 1 | 0.91 | 6.672%4£+10 | 7.49€-03 | 1 I 9.99918-01 | 78, 98 |
| ] i | i 2 -7.1798€¢00 | 21,08 |
1 2 | 0,22 | #.67286E¢10 | 2.13t-04 | 1 [ 9.999%0t-01 | 78.95 ]
] | 1 | I T § -7.1798Ee00 | 21.08 I

MAXIMUM SELAVIVE CHAMGE OF THE SHAPE FUNC TONS OVER THE NACROSTEP @ 2.0083E-0f

TOTAL CPU TIME USEO FOR SHAPE FUMCTION CALCULATION IN TWIS MENTON-3OR ITERATION : 1.13 138C)

SEGINNING OF MACROSTEP
5.73708404
..517284+01

“sTOTAL POMER OF THE REACTOR (MN) '
INERGY RELEASE OVER THE MACROSTEP (WJ) 1

END OF MACROSTEP
8. 6726E+00


http://-7.17WC.00
http://-7.17Mt.0C

ne
158C)

1.100008-02
1.1285008-02
1.150008-02
1.175008-02
1. 20000¢-02

THERMONYDRAULIC RESULTS

e =

1.2000£-02 (SEC)

POMER
1)
m3re. e
Wne. 77
45904 . 67

45017.30
“4728.59

TEMPERATURE IN TME CORE

t 1.652911+03 (DEG. K}
EMERGY RELEASED IN THE CORE @ 4.58214E+07 (J)
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¢ MCRD TINE STEP

*

+ MEMTON-90R ITERATION MO ¢

.

TOTAL REACTIVITY (8)
EFFECTIVE DELAYED MEUTRON
FEUTRON GENERATION TIME {SEC)

DOMINANT EICENVALLE (SEC-1)

TIME INTERPOLATION PARAMATERS

APLITUDE FUNCTIONS | SINGLE IMTEAPOLATION OF -

$.824%-01
3. 700003
0. 289E-07

¥.110z8+00

PODAENTAL MODE
MODE EXPLU 0. 00€«00wT)

SHAFE FUNCTIONS : DOUBLE INTIRPOLATILN OF RODE £)P! 0.00F +00WT)

AUTOMATICAL MICROSTEPSIZE CONTEOL IS NDT ASKED
ERROR CONTROL FOR AMPLITUDE FUNCTIONS IS

NIMBER OF MICROSTEPS
MICROSTEP VALUE (SEC)

[ 3
t 2.50006-00

| MICROSTEP | GROUP |

i}

VALUE i

-

2.7904E 401
2.1558+01

2.57612+01
1.9988¢ 401

- BISAL «01
« 9585E +0)

— —F ——

e e Ll LR

4
b3
z.61988401
1.0310€+01

MECINGND OF MACROSTEP

3.22008 401
1.499%+01

1.00308 +00

20008 -03
0. 28707

7.39811+01

D OF MACROSTEF

£.6198% 401
2.03108+01

CONVERGENCE CRITERION FOR SHAPE FUNCTION ITERATIONS :  1.00QOE-03
] ITERATION | CPU TIME | TOTAL POMER | COMVERGENCE | GROUP |  PSEUDO- | POMER FRACTION |
1 MBER |} (SEC) [ (MATT ) 1 RATE | NBER | EIGENVALUE I 1w i
T e ) esesseeno | zaseas ) LT 1omoigeoe ) i
! ‘ I | 2 | -2.0%e86s00 | 7108
1 P | 0.22 | #.665506410 | 1.582-08 | 1 | 1.0001£+00 | 70.98 |
| | | 1 |t | -Z.0348€400 21,08 i
RAXIM RELATIVE CHANGE OF THE SKAPE FLACTIONS OVER THE MACROSTEP @  Z.0144£-02
TOTAL CPU TIME USED FOR SHAPE FNCTION CALCULATION IN THIS MEWTON-SOR TTERATION : 1.15 (34¢)

TOTAL POMER OF THE REACTOR (P94)
ENERCY RELEASE OVIR THE MACROST»

SEGINNING OF MACROSTEP

)

B.T7370E+0%
4. 81488401

END OFf MACROSTIP

8. b0SHE +08
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1.10000& -02
1.125008 -02
1.140004 -0
1.17500% -02
1.200.... 02

s3re.28
o711
45887.13
“4979.47
464355.73

CONVERGENCE CRITERION FOR POMER

COMVERGENCE CRITERI!

ON FOR REACTIVITY @

1.00008-82
1.0000E-02

CONVERGENCE RATE FOR POMER

CONVERGENCE RATE FOR

169

BECINNING

NEN MACRO

TIME

sTEP

SELECTION MODE FOR MACRO TIME STEP @ TDMR STEP FIXED BY THME LBER

MACRO TIME STUP VALWE ¢

1.0000£-03 (3&3°

VALUES PREDICTED SY THE KAGANDVE PETHOD

ESTIMATED PONER AT THE END OF THE NEM MACROSTEP
ESTIMATED ENERGY RELEASE OURING THE MEN MACROSTEP

$.7343E+0% (MM}
6.1339€+01 1M1}
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THEREMYSRANIC AERATS

TINE » 1.3000F-0F (S8C)

TEMPERATURE IN THE CORE 1 1.69800803 (DRO. K)
BERMY RELEASED IN TME CORE ! 5.0600€+07 (J)

|

+ MACRO TIME STEP M 9

¢ NEWTOM-SOR ITERATION MO 1 ¢

STEF :  1.70008-02 (SEC)
MACRO TIME STEF @  1.3000E-02 (SEC)

swme  ME{ INSERTION OF ROD NO 1 : 5.735004£+01 (CM) wnen

POINT-KINETICS PARAMETERS

BEGINNING OF MACROSTEP EMD OF MACROSTEP
TOTAL REACTIVITY | : 1.00301+00 1.1102¢+00
"’!’!CTIV! DELAYED !m : 5.2000£-03 5.2000£-03
MEUTRON GEMERATION TIME (s.u) { 4.2879%-07 4.2Z876E-07
DOPCIMANT ETQENVALLE |3EC-1) 3 7.3981E+0) 9.3t208¢02

TIME INTERPOLATION PARAMATERS

NFLITUE FUCTIONS :© 3IMGLE INTERPOLATION OF - FUNDAMENTAL MOOE
- MOOE EXPY 0.00€+00MT}

SHAPE FUMCTIONS ¢ DOUBLE INTERPOLATION OF MODE EXP( 0.00E+00%T]

-MPLITUDE FUNCTIONS

BURLISCH-STOER EXTRAPOLATION PROCEOFE IS Iﬂ ASRED
AUTOMATICAL MICROSTEPSIZE CONTROL 1S MOT ASK
ERROR CONTROL FOR AMPLITUDE FUNCTIONS 1S 'DT AZ!D

- PBER OF MICROSTEPS T .
«MICROSTEP VALLE (34C) : 2.5000£-08



| mrcacetEs ) o | meLrTURE |

1 een et | vaus |

! 1 1 | tessigenl |
z 2.Z134840) )

‘ ) 11 szl
t | t.522Ee0l

I 3 1 | samessd |
T 1 3.003AEe01 |

I s 1 e
] ~7szzee0l

APLITUDE VALUE IN GRAOLP
ROLP

APLITUN VALLR

BAFE FUNCTIONS

1 ' £.61%0E+03 4.82168+01
z 4 2.03108+01 3.73278+01
COMVERGENCE CRITERION FOR SMAPE FUNCTION ITERATIONS : 1,00008-03
| TERATION ) CPU TIME | TOTAL POMER | CONVERCENCE | OGROSP | PIERD0- | PORR FRACTION |
1 MR 1 3€C) | (MATT i TE i MSER | EIGENVALUR 1 [F4] 1
t 1 | 0.9 8.501%4&+10 ‘ 2.328-03 l 1 i f.9728-01 | .97 ‘
z | . i 21.08

I 2 | 0.2z | 0.58204E010 | 8.058-03 i 1 1 s.entk-01 | 78.97 ]
I ] 1 | I ¢ 1 l.eee2+00 | 21.03 [

MDA RELATIVE CRAMDE OF TNE SMAPE FUMCTIONS OVER THE MACROSTEP : 2.04S1E£-02

TOTAL CPU TIME USED FOR SMAPE FUNCTION CALORATION IN THIS NEWTUN-SOR ITERATION : "1.13 (s£C)

=TOTAL POMER OF THE REACTOR (M)
EMERGY RELEASE OVER TME MACROSTEP (MJ) :  6.0921£401

ll

e
(SeC)

1. 20000802
1.228008-02
1.28000£-02
1.278500¢-02
1.30000¢-02

PONER

i)
655,93
50889.32
$7%8.18
#9048 .32
S5828.42

BEGINGNG OF MACROSTEP

t 4. 66562408

_ END OF MACROSTEP
8.5828E+0%
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http://7i.tr
http://MUi.lt

THEROMYDRAMLIC RENATS

TOR = 1.3000¢-0¢ (SEC)

TEPERATURE IN TWE CORE 1 1.6YT6TE+03 (DEG. K)
ENERDY GELEASED TN TWE CORE ! 5.0080rTe07 (J)

+ MACRD TIME STEP NO 9 o

+ NENTON-SOR ITERATION MO Z o

SEOINGNG OF MACRO TIME STEP 3 1
0o OF MACRD TIME STEP : 1.

MNEUTROMIC RESIRLTS
asasssassssEsEEmREs

POINT -KIMETICS PARANETERS

BECTNONG OF MACROSTER

TOTAL REACTIVITY (9) s 1.0030E +00
EFFECTIVE DELAYED 'EUTRON FRACTION : 1.2000!-0!
NEUTRON DENERATIZN TIME {SEC) : 4.28

DOMINANT ZIOIMVALLE (SEC-1) s 7.39810+01

TIME INTERPOLATION PARAMATERS

AMPLITUDE FUNCTIONS :©  SINGL® INTERPOLATION OF - FUNDAMENTAL MDODE
- MO0t EXP! 0 QOE +00#T )

SHAPE FUNCTIONS * DOUBLE INTERPOLATION OF MOOE EXP( 0.00€+008T)
WL!M! mcﬂoc

BURLISCH-STOER EXTRAPOLATION PROCEDURE 13 NOT ASKED
AUTOMATICAL MICROSTEPSIZE CONTROL IS NDT ASKED
ERROR CONTROL FOR AMPLITUDE FUNCTIONS IS NDT ASKED

NABER OF MICROSTEPS FR'Y
MICROSTEP VAI.\I (SEC) o 2.5000t-04

| MICROSTEP | GROLP | APLITWDE |

1,1115¢+00
3.2000¢-03
4.2841L-07

8.3516L402



NPLITUDE VALLE
MNPLITDE VALLE

SMAFE FUNCTIONS

VALK

2.88848 001
T.31348401

3.2578€
2.52°780)

*01

vore | rors § POD

3.8814E 001
3.00588 +0)

—

»
— e § r— ovens § -

o

| gemuea
3.75788+0)

SEGINKING OF WACROSTEP

TOTAL POMER OF TWE REACTOR (M) s
w=ENERGY RELEASE OVER TNE MACROSTEP (1)

!

e
(s€C)

1.20000¢ -02
1.22800¢ -02
1.25000¢-02
1.278001-02
1,30000¢-02

- 1 : 261908401 <. 82018501
mor Z.0310¢+01 3. 3701
COWERGENCE CRITENION FOR SRAPE FUNCTION ITERATIONS . 1.0000€-O%
| XTERATION | o TL | TOTAL PR | CONVERGENCE | GROUP |  PSEUDO- | PONER FRACTION |
1 mer L (BEET 1 IMATTS | RATE | NBER | EIGDWALE | x) 1
|1 | e | esmmeo s |1 | | na
‘ ‘ t 5. 25828 -01 .03
V2§ 0.35 | S.Essfels | 2.90605 | 1 [ 9.9emE-01 | 9 |
i ) 1 it 1 s.zezE-0 | s
UMM RECATIVE CHANIE OF TIE ZHAPE FUNCTIONS COVER THE MACROSTEP !  2.0817E-02
TOTAL CRU TDM USED FOR SWAPE FUNCTION CALCUAATION IN THIS MINTON-SOR ITERATION 5  1.16 (S£C)
SESTINONG OF HACROSTEP 5O 0F nachosTER
#.6656E008 5.59508+08
:  6.09848+01
roer
)
26455.93
5084428
5800646
TR
.56
1.00008-02 COWERGENDY RATE FOR PR 1 1.4095¢-0%
REACTIVITY : 1.0000€-0% COMVERGENCE RATE FOR REACTIVIT® ' 9.67BZE-06

CONVERDENCE CRITEATON FOR POMER
COMVERGENCE CRITEAION FoR

INSIATED REACTIVI
FEEDBACK REACTIVI
AL REACTIVI

TOY

TY (8) ¢
Y (8} :
Y (8) @

NORMAL )0 AND GCOOBTE

2.2460£ 400
~1.1851¢+00
1.1113¢+00
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APPENDIX 1 : ROUTINE DESCRIPTION

A list of the routines composing CASSANDRE is given in this section with

a short description for each of them.

The following informations are provided :

the routine name

the routines to which this routine calls

the routines from which this routine is called

a brief description of the routine objective.

A few routines are not taken up in this list :

1) the routines related to the preprocessing module derived from MULCOS.
These routines are : INCOMP, PRINC1l, SAVGFL, SBUCOM, SBURLI, SFACT,
SMACR, SMACSI, SPICMI. We refer the readers to the reports related
to MULCOS for more details; '

2) the routine OPENMS used for the direct access files definition;

3) the timer routine CLOCK of the IBM system (see section 15);

4) the dynamic allocation routine IDINIT described in appendix 6;

5) the routine related to the thermohydraulic module, excepted for

THERMO (see appendix 7).



Routine name : ADPOW Routine name : AINTER
Calls to : none Calls to : EXM, UEXP
Called from : PRIWAT, SPACE called from : INTI
Obiective : Calculation of the power density Objective : Computation of the values of the in~
distributions. terpolation functions within a microtime
sten for a given time.

2 Ly




Routine name : JAMPLI Routine name : BETAIL

Calls to : EXTRAB, MOVLEV, UEXP Calls to : IWDAF (entry IRDAF), PINT1

Called from : SHAPE Called from : SHAPIN

Objective : Management of the calculation of the Objective : Compuiat1on of the Bf values when the
amplitude functions over a macro time- Vp & g values are given as input data.
step.

gLy



Routine name : BFISS Routine name : BLEAK
. Calls to : None Calls to : None
Called from : BLNCE, DISFLU Called from : BLNCE
Objective : Computation of the fission contribu-— Objective : Computation of the Leakage contribu-
tion to the neutronic bilan in steady tion to the neutronic bilan in steady
state. state.

2Ly



Routine name :

Calls to :

Called from :

Objective :

BLNCE

BFISS, BLEAK, BSCATT, BSOUR

DISFLU

Collection of the various contributions
to the neutronic bilan in steady state.

Routine name :

Calls to :

Called from :

Objective :

BSCATT

None

BLNCE

Computation of the scattering contri-
bution to the neutronic bilan in

steady state.

STy



Routine name : BSOUR Routine name : BUF FER

Calls to : None Calls to : None

Called from : BLNCE Called from : CANDER, FORME

FEMAT3 (entry WDA)

PRODT3 (entry RDA)

CANDER, KM, SZ2MNH (entry CLOSE)

Objective : Computation of the source contribution Objective : Management of reading and writing
to the neutronic bilan in steady state. operations on direct access device
NFS.

9" LY




Routine name : | CALCOF Routine name : CALINT

Calls to : None Calls to : UEXP, XX

Called from : INTAB Called from : PRIWAT, SHACOE

Objective : Determination of coefficients needed to Objective : Computation of some integrals of
define the basis interpolation functions products of time interpolation basis
used in the FEM formalism. polynomials.

LT LY



Routine name

Calls to :

Called from :

Objective :

CANDER

BUFFER (+ entry CLOSE), FEMAT3

IWDADI (+ entry IRDAD, IRDADI, IWDAD,
IWDADC), IWDAF (+ entry IRDAF),
PRODT3, UEXP

SHAPE, SHAPIN

Calculation of the precursor concen-
trations at the end of a macrostep and
reinitialization of files NFO, NTM for
the next macrostep.

Routine name

Catls to :

Callted from :

Objective :

CHSKYB

None

ADJNT,DISFLU, FORME, KINV

Solution of the FEM systems by the
Cholesky method.

8Ly




Routine name : CNP Routine name : COMCRO

Calls to : None Calls to : None

Called from : ADJNT, DISFLU . . Called from : CROS2D

Nbjective : Calculation of the value of the Objective : Calculation of the cross—sections and
Chebyshev polynomial of degree n at diffusion lengths for a given compo-
any point. sition.

6°LY



Routine name : CRIPAT Routine name : CROSS
Calls to : FR46, FW46, LAYO Calls to : CROS2D, FR46, FW46, LAYNEW, RODNEW,
TEFEED

Called from : SPACIN Called from : SHAPE

Objective : Initialization of the Llayout and Objective : Determination of the cross—-sections and
preparative calculations for criti- diffusicn lengths in unsteady state at
cality search and for thermohydraulic each Newton-SOR iteration.
coupling.

OL"Lv



Routine name :

Calls to :

Called from :

Objective :

CrRoS2D

COMCRO, PRICOZ

CROSS, RETRO, SHAPIN, SPACE

Determination of the cross-sections
and diffusion lengths of all the com-
positions.

Routine name :

Calls to :

Called from :

Objective :

DATIN

RW, TRERR

INPUTD

Reading of input data and creation of
files IDP, IDS, IDD.

LLoLy




Routine name : DISFLU Routine name : DRVING

Calls to : BFISS, BLNCE, CHSKYB, CNP, DRVING, Calls to : GAUSS
FEMAT3, SOURCE, SOURMX

Callec from : SPACE Called from : DISFLU
Objective : Determination of the direct and adjoint Objective : Calculation of the driving factors in
fluxes for fixed neutronic and thermal steady state.

configurations of the reactor in
steady state.

2lTiv



Routine name : | EIGVAL Routine name : EXM

Calls to : RNU Calls to : None

Called from : SHAPE, SHAPIN Called from : AINTER, FINTER

Gbjective : Calculation of the fundamental eigen- Objective : Calcutlation of
value of the multigroup point-kinetics {,x + {zy + {32
equations. e

eLTLY



Routine name : | EXTRAB Routine name : FEMAT3

Calls to : FIJ, MICRO. RATHZ, SEQFIL Calils to : BUFFER (entry WDA)

Called from : EMPLI Called from : ADJNT, CANDER, DISFLU, KM,
SOURMX, S2MNH

Objective : Calcutation of the amplitude functions Objective : Calculation of the finite element
over a microstep with Burlish-Stoer matrices and vectors for a given
extrapolation algorithm if desired. energy group.

71 LV



Routine name : FIJ Routine name : FINTER

Calls to : None Calls to : EXM

Called from : EXTRAB Called from : INTI, MICRO

Objective : Calculation of the product of the Objective : Calculation of the values of the inter-
elements of a Burlish-Stoer's se- polation functions within a macrostep.
quence.

SLTLV



Routine name :

Calls to :

Called from :

Objective :

FLUX2D

SPLR2

PRIWAT, SPACE

Editing of the fluxes and power den-
sities,

Routine name :

Calls to :

Called from :

Objective :

FORME

BUFFER, CHSKYB, IRDADI,
IWDAF (+ entry IRDAF), KINV, KM,
PRODT3, S2MNH, TSOUR, WATT, XLQ4

SHAPE

Mar.agement of the shape functions
determination at each Newton-SOR
iteration.

9LT LY




Routine name : | FR46 Routine name : W46

Calls to : None Calls to : None

Called from : |CRIPAT. CROSS, RETRO, SHAPIN, SPACE Called from : CRIPAT, CROSS, F4S, SHAPIN, SPACE

Objective : Reading of the neutronic properties and Objective : Writing of the neutronic properties
characteristics of the materials. and characteristics of the materials.

AN



Routine name : F&5 Routine name : GAUSS

Calls tc : FW46 Calls to : None

talled from : PRINC2 Called from : rDRVING, KINV, MICRO

Objective : Creation of a file containing the Objective : Solution of (inear algebraic system
neutronic properties and characteris- by Gauss elimination.
tics of the materials in the initial
configuration of the reactor.

BL LV




Routine name : GETK Routine name : HIGNEW
Calls to : UEXP Ccalls to : None
Called from : MICRO Called from : SPACE
Objective : Calculation of coefficients used for Opjective : Calculation of the new control rod
the amptitude functiors determination. positions or the new poisoning in the
criticality search process, and modi-
fication of the retated volume fractions.

6L7LY



Routine name : [INPUTD Routine name : INRZ

Calls to : DATIN, TRERR Cal!s to : None

Called from : MAIN Called from : SPACIN

Objective : Copy of the input data on file IMFS Objective : Creation of the spatial mesh grid.
and calling to DATIN.

0Ly




Routine name :

Calls to :

Called from

Objective :

INTAB

CALCOF, SPLINT

SHAPIN, SPACIN

Tabulation of elementary integrals used
for the setting up of the finite ele-
ment matrices and vectors.

Routine name :

Calls to :

Called from :

Objective :

INTI

AINTER, FINTER

PRIWAT

Calculation of the time interpolation
functions for the power.

L2°tv




Routine name :

Calls to :

Called from :

Objective :

IWDADI

None

CANDER (+ entry IWDAD, IWDADC, IRDADI,
IRDAD), FORME (entry IRDADI, IRDAD),
KM (entry IWDAD, IRDAD),PRIWAT (entry
IRDAD)

u

Reading and writing on file NFO, which
contains informations and values related
to the shape functions at the beginning
of *he considered macro timestep.

Routine name :

Calls to :

Called from :

Objective :

IWDAF

None

BETAIl (entry IRDAF), CANDER (+ entry
IRDAF), FLUX2D (entry IRDAF), FORME

(+ entry IRDAF), KINCOE (entry IRDAF),
KINV(+ entry IRDAF), KM (entry IRDAF),
POWPRE (+ entry IRDAF), PRIWAT (+ entry
IRDAF), PR1, RAU (+ entry IRDAF) RODNEW
(entry IRDAF), TSOUR (entry IRDAF)

Reading and writing on file NFX1, which
contains tne share functions values in
unsteady state for each energy group.

22tV



Routine name :

Calls to :

Called from :

Objective :

KINCOE

Routine name :

KINV

IWDAF (entry IRDAF), PINT1, PINTZ

CHSKYB, GAUSS, IWDAF (entry IRDAF),
PINT1, PRODT3, TSOUR

RETRO, SHAPE, SHAPIN

Called from :

FORME

Calculation of the muitigroup point-
kinetics parameters.

Objective

Calculation of the initial values of
the pseudo-eigenvalues used for the
shape functions determination.

€27ty



Routine name : KM Routine name : LAYNEW

Calls to : BUFFER (entry CLOSE), FEMAT3, IWDADI Calls to : SRID
(entiy IRDAD), IWDAF (entry IRDAF)

Called from : FORME Called from : CROSS, SPACE

Objective : Calculation of the source vectors of Objective : Construction of the thermat Lay-out
the multigroup shape functions equa- and modification of the material
tions. Lay-out.

2t iv



Routine name :

LAYO

Calls to :

LAYOU

Called from :

CRIPAT, PR1

Objective :

Deiermination of some parameters used
by LAYOU and calling to LAYOU

Routine name

Calls to :

Called from :

Objective

LAYOU

None

LAYO

Printing of geometrical characteristics

gLV




Rcutine name

Calls to :

Called from :

Objective :

MACAS

PRINC1, PRINCZ2, SHAPE, SPACE, YSART

MAIN

Constitutes the main of CAS' ANDRE

Routine name

Calls to :

Called from :

Objective :

| MACON

None

SHAPE

F;etermination of the racro-time step
value when automatical macrostep
control 1is required.

92 LV




Routine name : MICRO Routine name : MOVLEV

Calls to : FINTER, GAUSS, GETK, MOVLEV, VEPROD Calls to : None

Called from : EXTRAB Called from : AMPLI, MICRO, SHACOE, SHAPE, SHAPIN

Objective : Calculation of the amplitude functions Objective : Transfer of a vector to another one.
at a given micro-time step.

FXAlA |




Routine name : | PINT? Routine name : PINT2
Calls to : None Calls to : None
Called from : BETAIL, KINCOE, KINV, RAU, XLQ4 Called from : KINCOE, RAU
. . - * ,— -_—
Objective : Computation of jR ¢9(1) L, Wg(h,tldi Objective : Computat on of
‘ — — — —_—
for any energy group and for any cross- J‘R ¢g(n)(-v.0(n)ﬁ) Wg(n,t)di
section Zx. 'OF any energy group g.

82 lv




Routine name :

Calls to :

Called from :

Objective :

PINT3

SPLRZ

HIGNEW, RODNEW

Computation of the factor Téz defined

in appendix 1 of [1].

Routine name :

Calls to :

Called from :

Objective :

POWPRE

IWDAF (+ entry IRDAF)

SHAPE

Reactor power prediction and flux shape
extrapolation by means of a simplified

point-kinetics model wheri thermohydraulic
coupling exists.
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Routine name : PRICOM Routine name : PRICOZ

Calls to : None Calls to : None

Called from : SPACIN Called from : CROSZ2D

Objective : Reading and printing of neutronic data. Objective : Printing of cross-sections and diffusion
Llengthe,

0" LY




Routine name : }PRINC? Routine name : PRITER

Calls to : F45 Calls to None

Called from : MACAS Called from : SPACE

Objective : Main of the simplified preprocessing Objective : Printing of iteration number in steady
module. state and of the control material values,

Le LV



Routine name : PRIWAT Routine name : PRODT3
Calls to : ADPOW, CALINT, IWDADI (entry IRDAD), Catls to : BUFFER (entry RDA)
IWDAF (+ entry IRDAF), FLUX2D, INTI,
UEXP.
Called from : SHAME Catled from : CANDER, FORME, KINV, KM, SOURCE,
TSOUR
Objective : Calculation and printing of the reactor Objective : Calcutation of the product of a FEM
power and power density distribution at matrix by a vector.
given times.

28 LV




Routine name : |pR9 Routine name : PVAR
Calls to : IWDAF, LAYO calls to : None
Called from : SHAPIN Called from : FEMAT3
Objective : Initialization of some variables for Objective : Computation of the total contribution of
transient calculations and from steady a neighbouring node j of node i in the
state results. finite element equation related to
node i.

gET LV



Routine name : RATH2 Routine name : RAU
Calls to : None Calls to : IWDAF (+ entry IRDAF), PINT1, PINTZ,
"JWATT.
|
Called from : EXTRAB ~Called from : SHAPIN
Objective : Set up a new Line of the Burlisch and Objective : Computation of the initial kg¢¢ value,
Stoer's extrapolation table. normalization of the adjoint fluxes and
initialization of the shape and ampli-
tude functions for transient calculations

et LY




Routine name

Calls to :

Called from :

Objective :

READ1

None

SHAPIN

Reading of some nuclear characteristics

and of the driving functions on tile
I10D.

Routine name :

Catls to :

Called from :

Objective :

RETRO

CROS2D, FR&46, KINCOE

SHAPE, SHAPIN

Calculation of the feedback reactivity
in transient.

SgU LY



Routine name : RNU Routine name : RODNEW

Calls to : None Calls to : IWDAF (entry IRDAF), PINT3

Calted from : EIGVAL ctalted from : CROSS

Objective : Computation of the fundamental eigen- Objective : Calculation of the new rod insertion in
value of F2°! F1, where F1, F2 are transient and modification of the related
specified matrices. volume fractions.

9" LY




Routine name : RW Routine name - SEQFIL
Calls to : None Calls to : None
Called from : DATIN Called from : EXTRAB
Obiective : Reading of input data on file INF5 and I Objective : etermination of a Burlisch-Stoer
? writing on file IPS, IDS or IDD, ac- sequence.
cording to the case.
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Routine name : SHACOE Routine name : SHAPE

Calls to : CALINT, MOVLEV, UEXP, XX Catls to : AMPLI, CANDER, CROSS, ETGVAL, FORME,
KINCOE, MACON, MOVLEV, POWPRE, PRIWAT,

RETRO, SHACOE, SHAPIN, SMAP.

SHAPE Called from : MACAS

Called from :

Objective : Computation of the shape function Objective : Constitutes the MAIN of the transient
coefficients in the shape ‘unction mod'ile - management of the unsteady
equations. staie calculations.

8Be LY



Rout ine r.ame

Calls to :

Called from :

Objective :

SHAPIN

BETAIL, CANDER, CROS2D, EIGVAL, FR46,
FW46, INTAB, KINCOE, MOVLEV, OPENMS,
PR1, RAU, READ1, RETRO, SMAP, WTIT.

SHAPE

Management of the initialization
operations in unsteady state.

Routine name :

Calls to :

Called from :

Objective :

SMAP

None

SHAPE, SHAPIN

Allocation of some parameters related
to the time integration.
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Routine name : SOURCE Routine name : SOURMX
-1

Calls to : PRODT3 calls to : FEMAT3

Called from : DISFLU Calted from : (DISFLU
L

Objective : Assembling of the variou: contributions Objective : Organisation of the calculation and
to the total source in each group (fis— storage of the prompt and delayed fission
sion source + scattering source + exter- sources and of the scattering source 1in
nal source) in steady state for the di- each energy group in steady state for
rect and adjoint problems. the direct and adjoint problems.

AR



Routine name : SPACE Routine name : SPACIN

Calls to : ADPOW, CROS2D, DISFLU, FLUX2D, FR46, calls to : CRIPAT, INRZ, INTAB, PRICOM, WTIT
FW46, HIGNEW, LAYNEW, PRITER, SPACIN,
TEFEED, TRANOU (+ entry TRANFL), WTIT

Catted from : MACAS Called from : SPACIN
Objective : Constitutes the MAIN of the steady Objective : Management of the initializations in
state module-management of the steady steady state.

state calculations.
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Routine name : ([SPL Routine name : SPLINT

Calls to : None Calls to : None

Called from : SPLRZ Called from : INTAB

Objective : Computation of the values of the basis Objective : Calculation of elementary integrals of
Lagrange functions at any point in a the basis Lagrange functions.
given element.

2yt Ly



Routine name : SPLRZ Routine name : SRID

Calls to : SPL Calts to : None

Called from : 'FLUX2D, PINT3 Called from : LAYNEW

Objective : Computation of the flux at any point Objective : Allocation of a given component of an
in the reactor. integer array to a given value.

&Ly



Routine name

Calls to :

Called from :

Objective :

S2MNH

BUFFER (entry CLOSE), PRODT3

FORME

Set up of the coefficient matrix of the
tinear system for the flux shape func~
tions calculation.

Routine name

Calls to :

Called from :

Objective :

TEFEED

None

CROSS, SPACE

Allocation of the mixture temperatures
and densities in each composition from
the thermchydraulic results.
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Routine name : THERMO Routine name : TRANOU

Calls to : Thermohydraulic routines Calls to : None

Called from : MAIN Called from : SPACE (+ entry TRANFL.)

Objective : Constitutes the main of the thermo- Objective : Writing of steady state results on
hydraulic module. file NFT for transient calculations.

LY



Routine name : | TRERR Routine name : TSOUR

Calls to : None Calls to : IWDAF (entry IRDAF), PRODT3

Called from : DATIN, INPUTD Called from : FORME, KINV

Objective : Printing of error messages for the Objective : Calculation of the prompt and delayed
input data. fission sources in transient.

9LV



Routine name : UEXP Routine name : VEPROD

Calls to : None Calls to : None

Called from : AINTER, AMPLI, CALINT, CANDER, GETK, Called from : MICRO
PRIWAT, SHACOE

—
Objective : Computation e* for any X by putting Objective : Computation of the product of a matrix
e = 0 if X < negative bound. by a vector.

AN |



Routine name : [ WATT Routine name : WTIT

Calls to : None Calls to : None

Called from : FORME, RAU Called from : SHAPIN, SPACE, SPACIN

Jbjective : Computation of the reactor power in a Objective : Printing of titles.
given energy group.
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Routine name : XLQ4 Routine name : XX
Calls *- : PINT? Calls to : None
Called from : FORME Called from : CALINT, SHACOE
Objective : Computation of the pseudo-eigenvalues Objective : . e X o . .
used for the flux shape functions cal- Calculation of X and its 3 first
cutation. : . )
derivatives.




Routine name :

Calls to -

Called from

Objective :

YSART

IWDADI, IWDAF (+ entry IRDAF)

MACAS

Reading and writing on NSAVE of the

contents of files NCPL, NTM, NFX1,
NADJNT, NFO.

Routine name :

Calls to :

Called from :

Objective :

0s LV
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APPENDIX 2 : FILE DESCRIPTION

In this section a list of the files used in CASSANDRE is given with a
short description for each of them.

The following informations are provided :

- the file name(s) : each file is denoted in the source program by one

or several names

- the L component(s) : as mentioned previously, the main integers are
collected in an array L(100); this is done in
particular for the file numbers.

Ex. INF5 = L(92)

- the routine(s) of number definition : the file numbers are defined in
the source program. We give here the routine(s)
where these definitions can be found.

Ex. : the assignation INFS5 = 50 is made in
routine INPUTD

- the type : a file can be sequential or direct access, temporary or

permanent

- the object : a brief description of the cor.‘ents and the role is given

for eacn file

~ writing and reading operations are performed on each file. We give

here the routines where these operations are executed.
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FILE NUMBER 2

Name(s) : NFTRIA, NF3

L component(s) : 35

Routine of number definition : DATIN

Type : sequential-temporary

Object : the nodal flux (or shape function) values arc determined by solving
a linear algebraic system. The coefficient matrix of this system
is factorized in routine CHSKYB according to the Cholesky method.
The result of this factorization is stored on NF3 (or NFIRIA).

Writing routines : CHSKYB

Reading routines : CHSKYB, KINV

FILE NUMBER 3

Name(s) : INF3, IDP, IDS, IDD

L component(s) : 69, 70, 71, 93 (93 ~ INF3; 69 + IDP; 70 -~ IDS; 71 - IDD)

Routine of number definition : DATIN

Type : sequential-temporary

Object : conversion of the input data file INF5 into a more useful file
(IPP » related to preprocessing; IDS + related to statics;
IDD + related to dynamics)

Writing routines : DATIN

Reading routines : CRIPAT, F45, INCOMP, INRZ, PRICOM, PRINC1, PRINCZ,
READ1, ©3UCOM, SBURLI, SHAPIN, SPACTN



FILE NUIMSER 4

Name (s) : NFWORK, NF2

L component(s) : 34

Routine of number definition : DATIN

Type : sequential-temporary
Object : work file used in routine CHSKYB
Writing routines : CHSKYB

Reading routines : CHSKYB

FILE NUMBER 13

Name (s) : NFX1, NFX2, NFB1, NFB3

L component(s) : 26, 28, 29, 49 (28 - NFX1; 29 - NFX2; 26 > NFB1; 49 - NFB3)

Routine of number definition : DATIN

Type : sequential-temporary

Object : contains the normalized or non-normalized, direct or adjoint
fluxes (group after group) at a given power iteration in steady
state

Writing routines : ADJNT. DIRECT

Reading routines : ADJNT, BFISS, BLEAK, BSCATT, DIRECT, FLUX2D, HIGNEW,
SOURCE, SRCADJ, TRANOU, ADPOW



FILE NUMBER 14

Name (s) : NFEMAT

L component.s) : 30

Routine of number definition : DATIN

Type : sequential-temporary

Object : storage of the 'absorption' finite element matrices in steady
and unsteady states. The matrices are stored group after group.

Writing routines : FEMAT3

Reading routines : CHSKYB

FILE NUMBER 15

Name(s) : NFS

L component(s) : 31

Routine of number definition : DATIN

Type : sequential-temporary

Object : storage of the 'source' finite elememt matrices (fission + scatte-
ring g' > g) in steady state. The matrices are stored group after

group.
Writing routines : FEMAT3

Reading routines : PRODT3



FILE NUMBER 16

Name(s) : NFSF

L component(s) : 33

Routine of number definition : DATIN I

Iype : sequential-temporary

Object : storage of the independent source finite element vectors in stea
ubject g P
state. The vectors are stored group after group.

Writing routines : ADJNT, DIRECT

Reading routines : SOURCE, SRCADJ

[ FILE NUMBER 17

Name (s) : NFX1, NFXZ, NFB1, NFB3, NIM1, NTMZ

L component(s) : 26, 28, 29, 49, 66, 68 (26 -~ NFB1; 28 - NFX1; 29 - NFX2;
49 -~ NFB3; 66 - NIM1; 68 » NIM2)

Routines of nwmber definition : DATIN, SHAPIN

Type : sequential-temporary

Object : in steady state : identical to file 13
in unsteady state : identical to file 29

Writing routines : AMPLI, POWPRE, ADJNT, DIRECT

Reading routines : AMPLI, PRIWAT, SHACOE, ADJNT, BFISS, BLEAK, BSCATT,
DIRECT, FLUX2D, HIGNEW, SOURCE, SRCADJ, TRANOU ,ADPOW
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FILE NUMBER 18

Name(s) : NEX1, NFXZ, NFB1, NFB3, NFKM

L component(s) : 26, 28, 29, 40, 49 (26 > NFB1; 28 » NFX1; 29 » NFXZ;
40 » NFKM; 49 - NFB3)

Routines of number definition : DATIN, SHAPIN

Type : sequential-temporary

Object : in steady state : identical to file 13
in unsteady state : contains the known terms of the linear
algebraic system for the calculation of the
nodal shape funcrion values at each Newton-SOR
iteration (group after group)

Writing routines : KM, ADJNT, DIRECT

Reading routines : FORME, KINV, XLQ4, ADJNT, BFISS, BLEAK, BSCATT, DIRECT,
FLUX2D, HIGNEW, SOURCE, SRCADJ, TRANOU , ADPOW

FILE NUMBER 19

Name(s) : NFB2, NIM

L component(s) : 27, 65 (27 -~ NFBZ; 65 -~ NIM)

Routines of number definition : DATIN, SHAPIN

Type : sequential-temporary

Object : in steady state : contains the fission source finite clement voc-

tors £, F, %
S . . .
in unsteady state : contains informations and values concerning

y (group after group)

the calculation of the amplitude functions (with or without
BURLISCH-STOER extrapolation)

Writing routines : AMPLI, CANDER, SHAPIN, SOURCE, SRCADJ, YSART
Reading routines : AMPLI, CANDER, POWPRE, SOURCE, SRCADJ, YSART



FILE NUMBER 25

Name (s) : NCPL

L component(s) : 60

Routine of number definition : DATIN

Type : sequential-temporary

Object : storage nf the thermohydraulic results (temperature and density
vbject
for each zone and each material type). This file is the inter-
face between neutronics and thermohydraulics.

Writing routines : PR1, SPACIN, TEFEED, THERMO , ADPOW, YSART

Reading routines : TEFEED, THERMO, TRANOU , ADPOW, YSART

FILE NUMBER 29

Name (s) : NFX1, NFYZ, NFB1, NFB3, NIM1, NIM2

L component(s) : 26, 28, 29, 49, 66, 68 (26 - NFB1; 28 — NFX1; 29 - NFX2;
49 » NFB3; 66 - NIM1; 68 - NIM2)

Routines of number definition : DATIN, SHAPIN

Type : sequential-temporary

Object : in steady state : identuical to file 13
in unsteady state : contains the amplitude functions values at
each microstep in the considered macrostep, alternatively at the

last and previous Newton-SOR iterations.
Writing routines : ADJNT, AMPLI, DIRECT, POWPRE

Reading routines : ADJNT, AMPLI, BFISS, BLEAK, BSCATT, DIRECT, FLUX2D,
HIGNEW, PRIWAT, SHACOE, SOURCE, SRCADJ, TRANCU, ADPOW



FILE NUMBER 31

Name(s) : NFT

L component(s) : 41

Routine of number definition : DATIN

Type : sequential-permanent

Object : storage of static results, which are necessary for dynamic
calculations

Writing routines : TRANOU

Reading routines : PR1, SHAPIN

FILE NUMBER 32

Name (s) : NSAVE

L component(s) : 32

Routine of number definition : MACAS

Type : sequential-temporary {(permanent for RESTART procedure)

Object : CASSANDRE works in iterative manner with a thermohydraulics
module. At each iteration (in steady or unstcady states) the
neutronics data and results are saved on file NSAVE before leaving
the neutronics module, and they are read on NSAVE as soon as return

in neutronics module.

Writing routines : MACAS , YSART

Reading routines : MACAS, YSART



FILE NUMBER 33

Name(s) : NFS

L component(s) : 51

Routine of number definition : SHAPIN

Type : direct access-temporary

Object : storage of the 'source' finite element matrices (fission + scatte-
ring g' » g) in unsteady state. The matrices are stored group

after group.
Writing routines : BUFFER (entry WDA) (called by FEMAT3)

Reading routines : BUFFER (entry RDA) (called by PRODT3)

FILE NUMBER 37

Name(s) : NFO

L component(s) : 36

Routine of number definition : SHAPIN

Type : direct access-temporary

Object : contains informations and values related to the shape functions
at the beginning of the considered macrostep.

Writing routines : [WDADI (entry IWDAD, IWDADC) (called by CANDER), YSART

Reading routines : IWDADI (entry IRDADI, IRDAD) (called by CANDER, FORME,
KM, PRIWAT), YSART



l_FI}E NUMBER 41

Name (s) : NFX1

L component(s) : 28

Routine of number definition : SHAPIN

Type : direct access-temporary

Object : contains the nodal shape functions values in unsteady state

(group after group)

Writing routines : IWDAF (called by CANDER, FORME, KINV, POWPRE, PRIWAT,
PR1, RAU)

Reading routines : KINV, IWDAF (entry IRDAF) (called by BETAIL, CANDER,
FLUX2D, FORME, KINCOE, KINV, KM, POWPRE, PRIWAT, RAU,
RODNEW, TSOUR)

FILE NUMBER 42

Name (s) : NADJNT

L component(s) : 37

Routine of number definition : SHAPIN

Type : direct access-temporary
Object: storage of the nodal adjoint fluxes values {group after group
Writing routines : PR1, RAU, YSART

Reading routines : BETAIL, KINCOE, KINV, RAU, XLQ4, YSART
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FILE NUMB'R 45

Name(s) : IPS

L component (s) : 87

Routines of number definition : DATIN, PRINC1

Type : sequential-permanent

Object : storage fo the output of the preprocessing (corresponding to the
initial configuration of the reactor)

Writing routines : FW46 (called by F45), PRINC1

Reading routines : FR46 (called by CRIPAT), MACAS, PRINC1, PRINC2

FILE NUMBER 46

Name(s) : IPSM

L component(s) : 88

Routine of number definition : DATIN

Type : sequential-permanent

Object : conversion of file IPS into a similar one for static calculations
with criticality search and thermohydraulics coupling

Writing routines : FW46 (called by CR PAT and SPACE)

Reading routines : FR46 (called by SPACE)
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FILE NUMBER 47

Name (s) : IPSD

L component (s) : 89

Routines of number definition : DATIN, SHAPIN

Type : sequential-temporary  (permanent for RESTART procedure)
Object : identical to file IPSM, but for dynamic calculations
Writing routines : FW46 (called by CROSS)

Reading routines : FR46 (called by CROSS and RETRO)

FILE NUMBER 50

Name(s) : INF5

L component(s) : 92

Routine of number definition : INPUTD

Type : sequential-temporary
Object : copy of the input data cards on file INFS
Writing routines : INPUTD

Reading routines : DATIN, RW, TRERR
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APPENDIX 3 : DESCRIPTION OF THE INTERFACE FILES

As mentioned in section 3, the various modules of CASSANDRE are
interconnected by interface files and eventually by labeled common

blocks.

In' this appendix a detailed description of these interface files is
given with an inventory of their contents followed in some cases by

additional informations.

It has to be pointed out that
- files IDP, IDS, IDD are formatted files

- files IPS, IPSM, NFT, NCPL are binary files.



File IDP

A3.2

A) Case of preprocessing derived from MULCOS (NEXEC = 1)

————-—

record

record

......

Variable(s)

ML, IPRO1,IPRO2

TIT,NMIX(1)

1TK1,17K2,ITK3,
ITK4 , TYPE ,NIS

NAME,C

this last record
has to be repeated
NIS times, i,e. for
each isotope of the
mixture

the records for the
first mixture have
to be repeated ML
times, i.e. for each
mixture

TIT

NMELA

NMEL, FRAC

Format

Definition

314

A8,14

418,Ab, T4

A8,4X,E12.4

A8

I4

14,E12.4

ML = number of mixtures

IPRO1=0 : no printing of intermediate

results for preprocessing

: printing of intermediate
results for preprocessing

IPRO2=0 : no printing of the cross-

sections

=] : printing of the cross-sections

TIT = 'bMIXTURE'

NMIX = number of the first mixture

! 1TK1,1TK2,ITK3, ITK4

: 4 basis tempera-
tures for the mixture (°K)
. TYPE = key word describing the mixture
type (see input data)
NIS = number of isotopes in the mixture

{ NAME = name of the first isotope in the
| mixture (see input data)

E C = atomic density 35 this {sotope In

] the mixture (10 at/cm?)

|
; TIT = 'bENDbbLDD'

f
; number of mixtures in the first

. composition
I

NMEL = number of the first mixture
in the composition

FRAC = volume fraction of this
mixture in the composition
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: this record has to
: be repeated NMELA
: times, i.e. for each
: mixture in the compo-
sition
the records for the
first composition
have to be repeated
MI times, i.e., for
each composition
L P
record | NISONL(IL),IL=1,NL 1014 numbers of the fuel mixtures
= 0 ‘
L & record; NLIB,NGM 3A8,14 NLIB = 'bLIBRARYLKFK-NAP-26bGR.b'
or 40
option A
or
NLIB = 'bFEWGRbbbbbLBbLDLSCHEMED *
option B
! NGM = number of energy groups
Option B
f——= record NUMGR(1,1G),I1G=1,NGM 2014 numbers of the first groups for the
collapsing
v
record NUMGR(2,1G) ,IG=1,NGM | 20I4 numbers of the last fine groups for
% the collapsing
| (see input data)
i
record TITLIB,IDLIB 2A8,14 TITLIB = 'bKFK-NAP-26bGR.b'
l IDLIB = 26
|
record NISL I4 . total of 1isotopes
¢ |
record NAML(T),I=1,NISL 8(A8,2X) | 1ist of the isotopes (see iaput data
l for code names)
record NSPEC 14 number of spectra to be associated to
l : ; the compositions for the collapsing
record NUMSP(1),I=1 ,MT 2014 E numbers of the spectra to be associated
i to the MT compositions
(see input data)
\j
record FLUX(iG),IG=1,26 6E12.4 first spectrum
'————"J this record has to
be repeated NSPEC
times,i,e. for each
spectrum

End of
file



B) Case of equivalent preprocessing

record

record

record

|

record

record

------

record

Variable(s)

ML ,NGM, THM, MT

TYPE(I),I=1,ML

NMELA(1),
NMEL(1,J),§=1,NMELA(1)

.

this record is repeated
MT times,i.e. for each
composition

FRAC(1,J),J=1,NMELA(1)

.

this record is repeated
MI times,i.e. for each
composition

ITK(I),I=1,ML

CTOT(1,1,1G,1),
1G=1,NGM

.

CTOT(1,1,1G,IHM),
1G=1,NGM

CTOT(2,1,16,1),
1G=1,NGM

A3. 4

ML = number of mixtures
NGM = number of energy groups
IHM = number of cross-section

MT = number of compositions

key words for the ML mixtures

for fuel

= 'HCLD' for cladding

for coolant

= 'hSTR' for structure material

NMELA(1) = number of mixtures in
the first composition

th
NMEL(1,J) =number of the J mix-
ture in the first com-
position

FRAC(1,J) = initial vplume fraction
of the J mixture in
the first composition

base temperatures at which the
cross-sections are determined for

cross-sections for mixture 1

Format Definition
414
types
2044
= 'bCOM'
= 'bSOD'
2613
!
6E12.4 |
1
i
1615
each mixture (°K)
6E12.4 w
6E12.4
6E12.4

(see input data for equivalent
preprocessing : CIOT is defined
1ikewise)




record

record

—————

------

record

-

record

CTOT(2,1,1G,IHM),
1G=1,NGM

CTOT(4,1,1G,IHM),
1G=1,NGM

cToT(1,2,1G,1),
1G=1,NGM

cTOT(4,2,1G,1HM),
1G=1,NGM

CIOT(1,ML,16,1),
1G=1,NGM

CTOT(4,ML,IG,THM),
IG=1,NGM

VELOC(IG) , 1G=1 ,NGM

CHI(IG),IG=1,NGM
NL

NLSONL(L)=1,NL

6E12.4

6E12.4

6E12.4

6E12.4

6E12.4

6E12.4

6E12.4

6E12.4

14

1014

cross-section for mixture 2

cross-sections for mixture ML

VELOC(IG) = neutron velocity in
energy group IG

prompt fissior spe:trum
number of fissile mixtures

numbers of the fissile mixtures



File IDS

®————» record

NO
NZ >0

ITFLUX

NO
|—e» record

i

IBTOT
=0

NO
}—a= record

YES

......

record

Variable(s)

TITLE

R(D),I=1, |¥R|

RMIN,RMAX

2(3),3=1, |nz|

ZMIN, ZMAX

NCOMP, IRL,IR2,
121,122

NMAX records

IMTH(I)
I=1,ITFLUX

MTABS,IRC1,IRC2,

12C1,12C2,IRZ8

IBTOT racords

MTFRA , FRAMAX

NCOPO(1),I=
1,MIFRA

Format

A3.6

Definition

10A8

6E12.4

2E12.4

6E12.4

2E12.4

513

2613

613

13,E12.4

24613

title for steady state

abscissa of the mesh nodes along the
x(r) axis

ainimum and maximum abscissa of the
uniform mesh grid along the x(r) axis

abscissa of the mesh nodes along the
y(z) axis

minimum and maximum abscissa of the
uniform mesh grid along the y(z) axis

see input data for reactor lay-out

number of the compositions to be coupled

: with thermohydraulics

MiABS = number of the absorbing composi-
tion in the control rod
IRC1,IRC2,1ZC1,IZC2 : respectively left,
right columns and bottom, top rows of
the mesh grid enclosing the control
rod region
IRZ8 = 0 control! rod not used for criti-
cality search
= 1 control rod used for criticality
search

MIFRA = number of poisoned compositions

FRAMAX = maximum permitted volume frac-
tion of poison in the coolant

numbers of the poisoned compositions



NPREC | N0
- = record
YES |
record
record
IPROB { g record
= ? - -
= 2 |
record
IFLUK |~ record
=0
% !
record
END
OF

BETA(1,T)
I =1,NI

BETA(NL, 1)
I=1,NL

CHID(IG)
IG = 1,NGM

Q(1,1G)
IG = 1,NGM

Q(MT,IG)
1 = 1,NGM

RR(I),I=1,NRF

2Z(J),J=1,NZF

6E12.4

6E12.4

6E12.4

6E12.4

6E12.4

6E12.4

6E12.4

:
delayed neutron fractions of the
NI precursor families for the NL
fuel isotopes
L
] (Bi)

d
delayed neutron fission spectrum Xg

independer: multigroup source in the
MT compos’tions

abscissa along the x(r) axis where the
fluxes are to be edited

abscissa along the y(z) axis where the
fluxes are to be edited
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File IDD
Variable(s) Format Definition
o— record | TITLE 10A8 | title for transient
Egsgsg IEXTR,ICER,ICMP, 4I3 | IEXTR = O no Burlish-Stoer extrapolation
ICMAP for amplitude functions calcu-
lation
= 1 Burlish-Stoer extrapolation for
amplitude functions calculation
ICER = 0 no error control for amplitude
functions calculation
=1 error control for amplitude
functions calculation
ICMP = 0 no automatical control of
microtimestep
# 0 automatical control of micro-
timestep (= maximum r..uber of
microsteps)
ICMAP = 0 no automatical control of
macrotimestep
= 1 automatical control of macro-
timestep
YES
ICMAP, record | MACMAX 13 number of macrotimesteps
a (Q ‘
INO] record | PMA(K),Kal, 6E12.4 | macrotimestep lengths
MACMAX
record | NMIC(K),K=1, 2413 | number of microtimesteps in each macro-
l MACMAX timestep at the first Newton-SOR iteration
record NEWT(K) ,K=1, 2413 | maximum numbers of Newton-SOR iterations
PR J MACMAX for each macrotimestep
hrgcord PMAC1,PMAX,PMIN, | 6E12,4 | PMAC1 = first macrotimestep length
FRMIN,DPLIM,RPOM
PMAX = maximum permitted macrotimestep length
PMIN = minimum permitted microtimestep length
FRMIN = minimum value of the macrotimestep
reduction factor
DPLIM = maximum permitted relative varia-
tion of the shape functions over
‘( Y a macrotimestep




record

1
IOBETAL . record

=7
= 2 l
record
record
—,
L.. record

NEWMAX,NMIC

XLAMDA(I,1),
1=1,NI

XLAMDA(I,2),
I=1,NI

XLAMDA(T,NL)
I=1,NT

BETA(I,1),
1=1,NI

BETA(I,2),
I=1,NI

BETA(I,NL),
I=1,NI

XNBET(I,1,1),
I=1,NT

XNBET(1,1,NGM),
I=1,NI

XNBET(I,NL,NGM),
I=1,N1

CHID(IG),IG=1,NGM

NROD, FO,F1,F2,
S, TF

213

6E12.4

6E12.4

6E12.4

6E12.4

6E12.4

6E12.4

6E12.4

6E12.4

6E12.4

6E12.4

13,
5E12.4

A3.9

RPOM = maximum permitted value of the

power ratio between beginning
and end of a macrotimestep

NEWMAX = maximum number of Newton-SOR

iterations in each macrotimestep

NMIC = number of microtimesteps in each

macrotimestep at the first
Newton-SOR iteration

decay constants of the NI precursor
families for the NL fuel isotopes

(Ai)

delayed neutron fractions of the NI
precursor families for the NL fucl
isotopes

2
(Bi)

'3
values of the (vQBi)g

d
delayed neutron fission spectrum Xg

NROD = number of the first moving control

rod

FO,F1,F2,TS,TF = coefficients of the driving

function for control rod NROD:



IEXTR
=0

NO

record

YES

NROD,FO,F1,F2,
1S,TF

NCOM, IMDF , FO,
F1,F2,TS,TF

NCOM, IMDF , FO,
F1,F2,TS,TF

EPSA

EPSF ,EPSP,EPSR

TPR(T), 1=1, | NT|

13,
SE12.4

213,
SE12.4

213,
5E12.4

El12.4

3E12.4

6E12.4

|

A3.10

F = FO+F1*(T-TS)+F2*(T-TS)?
for IS < T < TF
=1fr0<T<TS
(F is the ratio of the rod insertion at
time T by the initial rod insertion)

idem but for the last moving rod

NCOM = number of the composition to be
modified
IMDF = number of the variable mixture

FO,F1,F2,TS,TF = coefficients of the driving
function for mixture IMDF

)
1]

FO+F1*(T-TS)+F2*(T-TS)?
for TS < T < TF
1 for 0 <T<TS

idem but for the last composition to be modified
(F is the ratio of the volume fraction of mixture
IMDF at time T by its initial volume fraction)

if ICER = 0, EPSA is the maximum permitted
relative error on the amplitude functions

at the first microtimestep in each macro-

timestep

if ICER # 0, EPSA is the maximum permitted
relative error on the ampiitude functions
at the end of the transient

EPSF = convergence criterion on the shape
functions at each Newton-SOR itera-
tion in each macrotimestep

EPSP = convergence criterion on the total
reactor power at the end of each
macrotimestep

EPSR = convergence criterion on the reactor
reactivity at the end of each macro-
timestep

times at which the power, fluxes and power
densities are to be edited
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File IPS
Record Variable(s) Definition
1 XNAM XNAM = 'CROSSECT'
2 ML ,NGM, THM ,MT ML = number of mixtures
NGM = number of energy groups
THM = number of rows in the cross-section
matrices CTOT
MI = number of compositions
3 TYPE(I),I=1,ML | mixture types
I = 'bCOM' for fuel mixtures
= 'bCLD' Jor clad mixtures
= 'bSOD' ior coolant mixtures
= 'bSTK' for structure mixtures
4 NMELA(1), NMELA(l) = number of mixtures in composition 1
NMEL(1,J),J=1,NMELA(1), NMELA(1,J) = number of the J mixture in com-
. . position 1 th
. FRAC(1,J),J=1,NMELA(1) FRAC(1,J) = initial volume fraction of the J
mixture in composition 1
I+MT NMELA (MT) NM."A(MI) = number of mixtures in composition MT
NMEL(MT,J),J=1,NMELA(MI),; NMELA(MT,J) = number of the J mixture in com-
position MT th
FRAC(MT,J),J=1,NMELA(MT) FRAC(MT,J) = initial volume fraction in the J
mixture in composition MT
i
L4+MT ITK(1),I=1,ML | ITK(I) = reference temperature of mixture I at
which the cross-sections are determined (°K)
"
G4MT+L CTOT(1,1,1G,1),
1G=1,NGM
4+4MT+1HM cToTr(1,1,I1G,IHM), cross-sections for mixture 1
1G=1 ,NCM
4+4MT+THM CToT(2,1,1G,1), (see input data for equivalent preprocessing :
+1 1G=1,NGM CTOT is defined likewise)
4+MT+2%THM CTOT(2,1,1G,IHM),
1G=1,NGM
L+MT+4*THM CIOT(4,1,1G,IHM),
1G=1,NGH
J
LAMT+L*THA €ToT(1,2,1G,1), T
+1 I1G=1,NGM
cross-sections for mixture 2
44MT+8¥THM CTOT(4,2,1G,THM),
1G=1,NGM
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4+MT+4*(ML-1)*IHM | CTOT(1,ML,1G,1),
+1 1G=1,NGM
cross-sections for mixture ML
4+MT+4AML*THM CTOT(4,ML,IG,IHM),
IG=1,NGM
S+MT+4*ML*THM VELOC(1G), VELOC(IG) = neutron velocity in energy
IG=1 ,NGM group IG
G+MT+4*ML*THM CHI(1IG), prompt fission spectrum
1G=1,NGM
7+MI+4*ML*THM NL number of fuel isotopes (mixtures)
8+MT+4*M] #THM NISONL(L), NISONL(L) = number of the Lth fuel isotope
L=1,NL (mixture)

File IPS is created at the end of the preprocessing and before starting
the steady state calculations.
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File TPSM

File IPSM is identical to file IPS, but after steady state (file IPS is

created before steady state).

Criticality search can introduce new compositions in the control rod
zones and this modification justifies the creation of a file IPSM

different from IES.



File NFT
Record Variable(s)
1 L,NDG, NPT,
NFR,NFZ
2 POWNOM , XKEFF,
EFISS
3 ABBC, BBBC,,ATBC,
BTBC,ALBC ,BLBC,
ARBC ,BRBC
4 R(1),I=1,NR
5 Z(I),I=1,NZ
6 NC(1,J),
I~1,NR+1
J=1,NZ+1
7 NCT(I,J),
T=1,NR+1
J=1,NZ+1
8 Q(NCOM, IG)
NCOM=1,MT
IG=1,NGM
9 RR(1) ,I=1,NFR
10 72(1),1I=1,NF2
11 ITYP(1),I=1,MT

A3.14

Definiv.ou

L = vector of dimension 100 collecting the most important

integers

NDG = degree of the finite element polynomials
NPT = NDG + 1

NFR = number of abscissa along the x(r) axis where the
fluxes are to be edited

NFZ = number of abscissa along the y(z) axis where the
fluxes are to be edited

POWNOM = nominal power of the reactor in steady state

XKEFF = value of the keff of the reactor

EFISS = energy delivered per fission

values of the coefficients for the boundary conditions

(see ipput data)

abscissa of the mesh nodes along the x(or r) axis

abscissa of the mesh nodes along the y(or z) axis

matrix of the '"material" lay-out of tae reactor

matrix of the "thermal” lay-out of the reactor

Q(NCOM,IG) 1s the independent source in composition NCOM
for energy group IG

abscissa along the x(r) axis where the fluxes are to be
edited

abscissa along the y(z) axis where the fluxes are to be
edited

if ITYP(I) = 0, composition I is not coupled with thermo-
hydraulics

i1f ITYP(I) = 1, compositfon I is coupled with thermo~
hydraulics



12

13

14

15

16

17

18

19
17+NCM
17+NGM+1
17+NCM+2

17+2NGM

IRZ(IROD,K),
IROD = 1,5
K=1,8

HIG(IROD),
IROD=1,5

TMP(NCOT, NN)
NCOT=1,MTT
NN=1,ML

RO(NCOT ,NN),
NCOT=1,MTT
NN=1,ML

DPOW(K,L,I,J)
K=1,NPT
L=1,NPT
I=1,NR-1
J=1,Nz-1

TTHE(T,J,K)
I=1,NR-1
J=1,Nz-1
K=1,4
RTHE(I,J,K)
I=1,NR-1
J=1,Nz-1
K=1,4
X(1),1=1,NPAR

X(I),,1=1,NPAR

X(1),1=1,NPAR

X(1),1=1,NPAR

X(1),1=1,NPAR

X(1),1=1,NPAR

A3.15

characteristics of the contro. rods

control rod insertions

TMP(NCOT ,NN) is the average temperature of mixture NN in
thermal composition NCOT in steady state (°C)

RO(NCOT,NN) is the average density ratio of mixture NN in
thermal composition NCOT in steady state

power density distribution in the reactor in steady state

average temperature distribution in steady state (°C)

K=1 * fuel material; K=2 * clad material
K=3 * coolant material; K=4 * structure material

average density ratio distribution in steady state

K=1 * fuel material; K=2 * clad material
K=3 * coolant material; K=4 * structure material

neutron flux distribution for energy group 1

neutron flux distribution for energy group 2

neutron flux distribution for energy group NGM

adjoint flux distribution for energy group 1

adjoint flux distribution for energy group 2

adjoint flux distribution for energy group NGM
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NR is the number of mesh nodes along the x(r) axis.
NZ is the number of mesh nodes along the y(z) axis.
NGM is the number of energy groups.

MT is the number of isotopical compositions.

MIT is the number of "thermal" compositions.

ML is the number of mixtures.

NPAR is the number of finite element nodal parameters.

Additional informations

* In addition to its geometrical dimensions, each finite element is
characterized by its isotopical composition within , but =21lso-by the
mean temperatures of the mixtures of this _omposition; for that
reason, we have introduced the notion of 'thermal' compositions as
opposed to ‘'material' or ‘'isotopical!' compositions. A material
composition is defined by its mixtures, whereas the thermal composi-
tion is determined moreover by the mixture temreratures; two composi-
tions of same mixtures are considered as distinct thermal compositions
if they differ from the temperatures. Obviously, if neutronics is not
coupled with thermohydraulics the material and thermal compositions
are identical.

In the same view, we have introduced two kinds of lay-out : the
material lay-out and the thermal lay-out of the reactor. The material
lay~-out NC provides for each finite element the material composition
number, whereas the thermal lay-out NCT gives the thermal composition
numbers. NC and NCT bring also a few more informations, as we shall

see with the following example.

0 0 0 Q 0 0 0 -1]-1}-1}-1}-1)-1]-1
0 -2 -2 -2 (=2 |-2 0 -1 2 2 2 2 21-1
0 1 -3 1 1 (-2 0 -1 110 3111 (12 21-1
0 1 -3 1 1]-2 0 -1 7 3 8 9 21-1
0 1 -4 1 1 (-2 0 -1 1 4 5 6 21-1
0 -2 -2 -2 }=-2]=-2 0 -1 2 2 2 2 21-1
0 0 0 0 0 0 0 -1]-1})-1(-1}=-11}-1}-1

NC NCT



NR

NZ

*

A3.17

1]
o2}

First it has to be noted that NC and NCT contain every one
(NR+1) *(NZ+1) elements, the boundary elements being added to the
finite element mesh grid at the top, bottom, left side and right side
of the reactor. The corresponding values of NC, NCT for these boun-
dary elements are respectively put to 0 and -1; this particularity is

especially used for the set up of the finite element matrices.

The inner elements of NC are put to the values of the corresponding
material composition numbers withi the positive sign if the composi-
tions are coupled with thermohydraulics and with the negative sign if
not; in the example hereabove only composition number 1 is coupled
with thermohydraulics. Thus

if NCOM = NC(I+1,J+1) > 0, it means that composition NCOM in eler:nt

I,J is coupled with thermohydraulics
i1f NCOM < 0, it means that composition INCOM| in element

I,J is not coupled with thermcohydraulics

The inner elements of NCT differentiate the thermal compositions and

they are all positive

~ if composition NCOM in element I,J is not coupled with thermohydrau-
lics, NCT(I+1,J+1) is put equal to NCOM
~ if composition NCOM in element I,J is coupled with thermohydraulics,
NCT (I+1,J+1) is put to a value NCOT = NCOM not yet assigned to
or >MT

another element.

‘'n the example hereabove 12 different thermal compositions are so

aumbered.
Varicbles IRZ and HIG are variables characterizing tne control rods.

We consider a maximum number of S5 control rods.
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HIG (IROD) = insertion of rod number IROD

= 2

max

where : z is
bot

max

IRZ (IROD,1)
IRZ (IROD, 2)
IRZ (IRCD, 3)
IRZ (IROD, 4)

- zbct
the level of the bottom of the rod in the reactor

the maximum possible value of z

bot

respectively the left, right columns and bottom, top
rows of the mesh grid enclosing the control rod number

IROD

IRZ (IROD,5) = number of the row immediately below the bottom of

control rod IROD

IRZ (IROD,7) = composition number of control rod IROD

IRZ (IROD,8) = 0 + control rod IROD is not used for criticality search

= 1 + control rod IROD is used for criticality search

* for variables DPOW, TTHE, RTHE, see explanations for file NCPL.



File NCPL

Record

44NT

L4+NT+1

6+NT

Variaple(s)

NR,NZ ,NPT

R(I),I=1,NR
z(I),I=1,NZ

NT,TO,T1

DPOW(K,L,I,J)
K=1,NPT
L=1,NPT

I=1,NR-1
J=1,N2-1

DPOW(K,L,I,J)
K=1,NPT
L=1,NPT

I=1,NR-1
J=1,N2-1

DPOW(K,L,T,J)
K=1,NPT
L=1,NPT

I=1,NR-1
J=1,Nz-1

TTHE(T,J,K)
I~1,NR-1
J=1,Nz-1

K=1,4

RTHE(I,J,K)
I=1,NR-1
J=1,N2-1

K=1,4

a8

Definition

NR = number of mesh nodes along the x(or r) axis
NZ = number of mesh nodes along the y(or z) axis
NPT = degree of the finite element polynomials + 1
abscissa of the mesh nodes along the x{or r) axis

abscissa of the mesh nodes along the y(or z) axis

NT = number of times at which the power density distribution
is given

TO = value of the first time at which the power densities
are given

Tl = value of the last time at which the power densities
are given

power density distribution at time TO

power density distribution at the second time

-ower dengity distribution at time T1

average temperature distribution at time T1 (°C)

K=1 * fuel material; K=2 * clad material
K=3 ¥ coolant material; K=4 * structure material

average density ratio distribution at time T1 (°C)

K=1 * fuel material; K=2 * clad material
K=3 * coolant material; K=4 * structure material
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Additional informations

* The reactor is represented by a rectangular domain subdivided in

rectangular finite elements as shown on the figure hereunder

j=Nz~1

i=1 i=2 i=3 .... i=NR-1

Each element is marked by its indices i,j and the power density p(l'J)

within is approximated by :

(i,9) (i,9) NPT NET (i,9)
o] rJ (x,y) (or p e,z = ¢ ¢ pkl'J nk(p)nl(c)
k=1 2=1

x-xi r-r i
wheres p = pr— (or = pa— )
i+1 xl i+l 71

y-y. z-z,

e e
Yi+17Y5 3+17 25

According to the degree NDG chosen for the approximating polynomials
(NDG = 1,2 or 3), we have :

t=2 T for NDG = 1 (NPT = 2)
\ Wl (x) = 1-x
l L (x) = x

g=1 ¢
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=3 > for NDG = 2 (NPT = 3)
I : ! mo(x) = 2(x~ 1) (x-1)
: 1 2
' T, (x) = -4x(x-1)
) 2 1
=2 ¢ ---~- P-----¢ L (x) = 2x(x- 5)

for NDG = 3 (NPT = 4)

=4

- . = =2 e Ly e 2y (e
M * ﬂl(x) =-3 (x 3)(x 3)(x 1)
\ : ,
S WS = 27 x4y (xe
? 'T Trz(x) 3 x(x 3) (x~1)
i ]
27 1
L—- -'0---4 1'r3(x) = "‘EX(X" 3) (x-1)
]
1
] ! 9 1 2
) = - - — —
' ! ‘|'|‘4(X) 5 x(x 3 (% 3)
k=1 k=2 k=3 k=4
péi'l) is the value of the power density at the point marked by the
indices k, % on the figures hereabove
We have the correspondance DPOW (K,L,I,J) <> pii'l)

The power density distribution is provided at each micro time step
over a whole macro time step, i.e. NT times where NT-1 is the number

of microsteps in a macrostep. In steady state NT=1, T0=T1=0.0,

The temperature and density distributions determined by the thermo-
hydraulics module are provided on file NCPL only at the end Tl o f the
macro time step.

From the neutronics point of view the materials are assumed homoge-
neously reparted and the cross-sections are supposed uniform in each
finite element; therefore the temperatire and density distributions
are averaged over each element and furnished for each type of mate-
rial, i.e. for the fuel type (K=1), the clad type (K=2), the coolant
type (K=3) and the structure material type (K=4).
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* Tnstead of storing the density distribution on file NCPL, one stores
the density ratio distribution; the density ratio is defined as the
ratio of the density by the reference density, i.e. the density at the

reference temperature used for the corresponding material.
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APPENDIX 4 : DESCRIPTION OF THE LABELED COMMON BLOCKS

The code CASSANDRE contains a certain number of labeled common blocks.
In this appendix, a detailed description is given for each of these

common blocks with a list of the arguments and their significances.



Label

ADDR

BOUND

cscoMp

CSGEOM

CVERG

Variables

1L, IDX,LAWA

ABBC,BBBC,ATBC, BTBC,ALBC , BLBC,
ARBC ,BRBC

EPSK,EPSF ,EPSKT ,EPSKC

DR,DZ,S

DRZ ,RDZ ,RZ

EPSF,EPSP,EPSR,EPSA

A4.2

Definition

IL = dimension of the dynamic allocation vector A
IDX = number of arrays stored in vector A

LAWA = number of allocated components of vector A
coefficients for the boundary conditions

The boundary conditions are the Neumann-Dirichlet
conditions : a$ + bDneV¢ = 0

ABBC A

BERC } coefficients a, b at the bottom of the reactor
ATBC

BTRC } coefficients a, b at the top of the reactor

ALBC

BLEC } coefficients a, b at tne left side of the reactor
ARBC

BRBC } coeffici=nts a, b at the right side of the reactor

EPSK = convergence criterion on the ke value in
the power method in steady state

EPSF = convergence criterion on the tluxes in case
of source problem in steady sta:e

EPSKT = convergence criterion on the ke value in
the neutronics-thermohydraulics coupling
iterations

EPSKC = convergence criterion on the keff value for
criticality search

DR 4 values of the diffusion coefficients respecti-

DZ ] vely in the x(r) and y(z) directions in the
considered finite element

S value of the absorption coefficient in the
considered finite element

geometrical factors used for the calculation of the
total contribution of a current point to the finite
element matrices

EPSF = convergence criterion on the shape functions
at each Newton-SOR iteration in each macro
time step

EPSP = convergence criterion on the total reactor
power at the end of each macro time step



DEGREE

DIM

DIVERS

DRVF

NDG , NPT

L(100) ,TITLE(10)

RAU1,BETA1,XLA1,RAUML,RAUO,BETAO,
XLAO ,RAUFO ,RAUIN

FO(10)
F1(10)
F2(10)
TS(10)
TF(10)

NROD (10}

IMDF(10)

EPSR

EPSA

g

NPT

L:a
(

TITLE

RAU1

BETAl

XLAL

RAUML

RAUO

BETAO

XLAO

RAUFO :

RAUIN :

coe

A4.3

convergence criterion on the reactor reacti-
vity at the end of each macro time step

maximum permitted relative error on the am-
plitude functions (see input data)

degree of the interpolation functions for the
fluxes in each direction (= 1,2 or 3)

NDG+1

rray containing the most important integers
see appendix 5)

: general title

: reactor reactivity at the end of the macro
time step

: delayed neutron fraction at the end of the
macro time step

: neutron generation time at the end of the
macro time step

: reactor reactivity at the end of the macro
time step and at the previous Newton-SOR

iteration

: reactor reactivity at the beginning of the
macro time step

: delayed neutron fraction at the beginning
of the macro time step

: neutron generation time at the beginning
of the macro time step

feedback reactivity at the initial time

inserted reactivity

fficients characterizing the driving functions

(see input data)

numbe
numbe
submi

numbe
funct

r of the moving control rods (if TROD > 0) or
rs of the compositions for which a mixture is
tted to a driving function (if TROD < 0)

rs of the mixtures submitted to a driving
ion



FLUDY

IBBS

INTABL

IPO

LAYN

NFR,NFZ

N1D,1D,LU,NJV(15)

22(4,4) ,DZDZ(4,6) ,RR(b,4,2),
DRDR(4,4,2) ,ZF(4) ,RF(4,2),
SPR(4,4) ,SPZ(4,4)

TIPOINT
HIG(5),RBC(5),XK1,XK2,CMQL,

CMQ2,DILMAX,DIL MIFRA,
IRZ(5,8) ,IMICR(3,30)

a4.4

NFR : number of abscissa along the x(r) axis where
the fluxes are to be edited

NFZ : number of abscissa along the y(z) axis where
the fluxes are to be edited

NID = first value of the Burlish-Stoer's sequence

LD+l = number of columns of the extrapolation table
at the previous Newton-S0R iteration

LU+1 = number of columns of the extrapolation table
at the last Newton-SOR iteration

NJV : values of the Burlish-Stoer's sequence

Table of constant values used for the set-up of the
finite element matrices in function of the degree
of the Iinterpolation polynomials,

Value of the virtual record number on direct-access
file NFS

HIG : values of the control rod insertions

RBC : values of the ratios of the initial rod inser-
tions to the initial insertion of the first
control rod

XK1 : value of kef obtained at the first and second
poisonings of the reactor for criticality search

XK2 : value of kef obtained at the third poisoning of
the reactor for criticality search

CMQL : value of the control parameter (rod insertion
or coolant poisoning) at the first and second
poisonings of the reactor for criticality
search

CMQ2 : value of the control parameter at the third
poisoning of the reactor for criticality search

DILMAX : maximum permitted dilution of poison in the
coolant

DIL : value of the dilution of poison in the coolant

MIFRA : number of poisoned compositions for critica-
11ty search

TIRZ2(K,1) , numbers of the radia! mesh nodes enclosing
IRZ(K,2) ~ control rod number K respectively at the
left and right sides



MICMAC

PARAM

FRMIN, PMAX , PMIN ,DPLIM,
RPOM, PMACL, NMICI

TWTERP

A4.5

IRZ(K,3) } numbers of the axial mesh nodes enclosing
IRZ(K,4) ~ the zone related to control rod number K
respectively at the bottom and at the top

IRZ(K,5) : number of the axial mesh node immediately
below control rod number K

IRZ(K,6) : number of the composition below control
rod K

IRZ(K,?7) : number of the composition in the control
rod K

IRZ(K,8) = 0 control rod K not used for criticality
search
=1 control rod K used for criticality
search

IMICR(1,1), 1=1,MIFRA : numbers of the compositions
poisoned for criticality search by
poisoning of the coolant

th
IMICR(2,1) = NMP is the NMP  mixture of composi-
tion I corresponding to the poison mixture

th
IMICR(3,I) = NMC is the NMC mixture of composi-
tion I corresponding to the coolant mix-
ture

FRMIN = minimum value of the macro time step reduc-
tion factor

PMAX = maximum permitted value for the macro time
step

PMIN = minimum permitted value for the macro time
step

DPLIM = maximum permitted relative variation of the
shape functions over a macro time step

RPOM = maximum permitted value of the ratio of the
power at the end of the macro time step to
the power at the beginning of the macro time
step

PMAC1 = length of the first macro time step

NMICI = number of micro time steps {n each macro
time step at the first Newton-SOR {terations

INTERP = 1 : interpolation of the fundamental mode
and another mode for the amplitude functions

INTERP = 2 : interpolagion of the fundamental mode
and the mode e ' for the amplitude functions



PCROS

PKREAL

PKTSHP

POINTD

POPR

PRIWA

QINT

ECROS

PMIC, PMAC,FR,DPSIM

VP,0M1 ,0M2,0M11 ,OM22

POWNOM ,XKEFF,EF1SS

NADR

T1,T2,RA1,RA2,RAT1,RAI2,
RAF1,RAF2,0Q1,DQ2

K1,K2
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.t
INTERP = 3 : double interpolation of the mode eo
for the amplitude functions

if ECROS = .TRUE. printing of the cross-sections
if ECROS = .FALSE. no printing of the cross-sections

PMIC

L]

micro time step

PMAC

macro time step
FR = reduction factor for the macro time step

DPSIM = maximum relative variation of the shape
functions over the macro time step

-VP = value of the time constant of the second inter-
polated mode when INTERP =1

OM1 = OM11 when INTERP = 1 or 2, 0.0 otherwise

0oM2

y

OM22 when INTERP =1 or 2, = 0.0 otherwise

OM11 = value of the time constant of the fundamental
mode at the beginning of the macro time step

0oM22

value of the time constant of the fundamental
mode at the end of the macro time step

POWNOM = nominal power of the reactor in steady state
XKEFF = value of the reactor k

eff
EFISS = energy released by fission

number of the record on the direct-access file NFO

T1,T2 : times at the end of the 2 last macro time

steps
RA1,RA2 : total reactivities at the 2 last macro
time steps

RAT1,RAI2 : inserted reactivities at times T1, T2
RAF1,RAF2 : feedback reactivities at times T1, T2

DQ1,D02 : energies accumulated in the reactor core
during the 2 last macro time steps

T(K1), T(K1+1),...,T(K2) are the printing times
for the fluxes and power densities included in the
considered macro time step

Q is the energy released in the reactor during the
considered macro time step



RBBS

TEMPS

XLOF

XPO

XRES

XRGEOM

ZMAC

FRP, FRPMAX

TIME, TMAX

TLOF

POWER1,POWM1, POWERO

KPMIN ,KPMAX

NREST

c1,c2

ICMAP2

NEWM2

FRP = reduction factor of the micro time step

FRPMAX = maximum value of the micro time step
reduction factor over a macro time step

TIME = time at the end of the considered macro
time step
TMAX = transient duration
-t /TLOF .
e is the law of mass flow rate decrease in

case of loss of flow

POWER1 = reactor power at the end of the considered
macre time step

POWM1 = reactor power at the end of the considered
macro time step and at the previous
Newton-SOR iteration

PUWERO = reactor power at the beginning of the
considered macro time step

represent the minimum and maximum record numbers
for a set of records cn file NFX1 in unsteady state

if NREST = 0, the RESTART procedure is not used

if NREST = -1, the code begins a transient problem
from the steady state with possitility
of RESTART afterwards

if NREST = 1, the code restarts a transient problem

stopped in a previous run

Cl =1,0 1in x-y geometry

c2 = 0.0
Cl = rmin in r-z geometry
c2=br=r -r
max min
r are the minimum and maximum radii res-

min’ ma
pecciveTyxin the considered finite element
{f ICMAPZ = -1, the macro time step length is constant

if ICMAP2 = 0, the macro time step length can vary aud
is specified for each macro step

if ICMAP2 = 1, automatical control of macro time step

maximum number of Newton-SOR iterations when
ICMAP2 # O
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APPENDIX 5 : DESCRIPTION OF VECTOR L

As mentioned in section 3, the most important integers are put in

equivalence each one with a component of an array L(100) (sometimes

called LL or LX).

In this appendix, a detailed description of this vector is given with

all the equivalences and the significances for each componernt.



Component | Equivalent
number variable
name(s)
1 ITEMAX
2 IPROB
3 IADIR
4 not used
5 not used
6 not used
7 not used
8 NG
9 NR
10 NZ
11 IFLUX

STEA')Y STATE

Definition

maximum number of itera-
tions for the power
method (IPROB = 2)

(with or without
Chebyshev acceleration)
or for the rebalancing
method (IPROB = 1)

IPROB=1 + source problem
IPROB=2 + eigenvalue pro-
blem
IADIR=1 : only direct

problem
IADIR=2 : direct + ad-
joint problems

NG=0 : x-y geometry
NG=1 : r-z geometry

number of mesh nodes
along the x(r) axis

number of mesh nodes
along the y(z) axis

[FLUX=0 : the fluxes are
to be edited at given
points

[FLUX#0 : the fluxes are
to be edited at IFLUX
points per mesh in each
direction

TRANSIENT
viriable
name(s)
not used
I
|
|
|
!
not used ;
|
i
|
1
|
i
t
ICMAP :ICMAP =
: or =
!
|
;ICMAP =
MACMAX émaximum
| stens
[
not used
|
not used
NG i 1idem
NR . idem
NZ ! idem
IFLUX | idem
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Definition

0
-1

1

: no automatical con-
trol of macro time step
size

: automatical control
of macro time step
size

numter of macro time



12

13

14

15

16

17

18

19

20

21

22

23

b3

25

26

27

not used

NIL

NGM

THM

THS

IHT

not used

LR

LZ

NPAR

LBAND

NFA

not used

NFB1

NFB2

dimension of the dynamic
allocation vector A

number of energy groups

number of cross-section
types

= 7 + maximum number of
group jumps by upscatte-
ring

number of material compo-
sitinns

number of nodal parame-
ters in the x(r) direc-
tion

number of nodal parame-
ters in the y(z) direc-
tion

total number of nodal
parameters

half band width of the
FEM matrices

= LBAND*LBAND

number of a file on
which the normalized or
non-normalized direct or
adfoint fluxes (group
after group) are stored
at a given power itera-
tion

number of a file contain-

ing the fission source fi-

nite element vectors
(group after group)

TROD

NIL

NGM

IHM

IHS

IHT

NEWMAX

LZ

NPAR

LBAND

not used

not used

not used

not used

IROD > @

IROD < Q

iden

idem

idem

idem

iden

idem

n5.3

TROD control rods
are moving

‘IROD' mixtures are
changing with t

maximum numoer of Newton SOR
{terations at each macro time

step

idem

idem

idemr

idem



28

29

30

31

32

33

34

35

36

37

38

39

NFX1

NFX2,NFX

NFEMAT

NFS

NSAVE

NFSF

NFWORK

NFIRIA

NFZ

not used
not used

not used

number of the file con-
taining the direct or
adjoint fluxes (group
after group) at the last
but one power iteration

numoer of the file con-
taining the direct or ad-
joint fluxes (group after
group) at the last power
iteration

number of the file con-
taining the 'absorption'
finite element matrices

number of the file con-
taining the 'scurce'
finite element matrices

number of the file on
which the neutronics data
and results are stored
before entring in the
ihermohydreulics module

number of the file con-
taining the independent
source finite element
vectors

number of a work file
used in routine CHSKYB

number of che file on
which the factorized
coefficient matrices in
routine CHSKYB are stored

number of abscissa along
the x(r) axis where the
fluxes are to be edited

number of abscissa along
the y(z) axis where the
fluxes are to be edited

NFX1

not used

NFEMAT

NFS

NSAVE

not used

NF2

NF3

NFO

NAD.INT

no. used

not used

NFKM

n5.4

number of the direct-access
file containing the flux
shape functions (group after
group)

idem

number of the direct access
file containing the 'source’
finite elements matrices

idem

idem

idem

numoer of t': direct-access
file containing informations
and values .ated to the
shape functiou: 1t the begin-
ning of each m. 7o time step

number of the . .~ :t-access
files containing -he adjoint
fluxes

number of the file con’ .~ing

the right members of the 1t ear
algebraic systems for th. cal-
culation of the shape functions



41

43

46

47

48

49

50

51

52

53

54

55

56

ISTEAD

not used

ML

not used

ICHEB

NFB3

not used

NPREC

NI

not used

not used

not used

number of the file con-
taining the steady state
data and results

ISTEAD=0, static calcula-
tions are not followed by
dynamic calculations

ISTEAD=0, static calcula-
tions are followed by dy-
namic calculations

number of nmixtures

ICHEB=0, no Chebychev ac-
celeration

ICHEB=1, Chebychev ac-
celeration

number of a file contain-
ing the direct or adjoint
fluxes at a given power
iteration

NPREC=0, data are not
given for delayed neu-
trons in steady state

NPREC#0, data are given
for delayed neutrons in
steady state

number of precursor fa-
milies

number of fuel mixtures
(isotopes)

not used

NEWION

I0BETA

not used

not used

not used

not used

NI

LCOMP

not used

not used

A5.5

idem

Newton-SOR iteration number

idem
IOBETA=1, the 52 values are
given

IOBETA=2, the (v Bl) values are

given L

idem

idem

size of the virtual blocks
in file NFS



57

58

59

60

62

63

64

65

66

67

68

69

70

71

72

73

74

not used

not used

not used

NCPL

not used

not used

not used

not used

not used

not used

not used

not used

IDP

IDS

not used

NEXEC

not used

not used

number of the interface
file between neutronics

iand thermohydraulics
i

number of the interface
file between the input
module and the preproces-
sing module

number of the interface
file between the input
module and the static
module

index giving the level of
execution

not used

MACRO

not used

NCPL

not used

not used

NT

not used

NTM

NIM1

not used

NTM2

not used

not used

ILD

NEXEC

not used

not used

A5.6

macro time step number

idem

INTI = rmmber of times at
{
1 which printing of power and
fluxes {s asked

number of the file containing
informations and values con-
cerning the calculation of
the amplitude functions

number of the file containing
the amplitude functions values
at the last Newton-SOR iteration

number of the file containing

the amplitude functions values
at the last but one Newton-SOR
iteration

number of the interface file
between the input module and
the dynamic module

{dem




75

76

77

78

79

81

82

83

84

ITFLUX

IBTOT

ICRTT

IPRINT

ITMAX

not used

not used

number of data cards to
define the reactor lay-
out

ITFLUX=0, neutronics is
not coupled with thermo-
hydraulics

ITFLUX=0, ITFLUX composi-
tions are coupled with
thermohydraulics

number of control rods to
be considered

ICRIT = 0, no criticality
search

ICRIT > 0, criticality
search by control rod in-
sertion

ICRIT < 0, criticality
search by homogeneous
poisoning of the coolant

IPRINT = 0, no printing
of fluxes and power den-
sities

IPRINT # 0, printing of
fluxes and power densi-
ties

number of thermal compo-
sitions

maximum number of itera-
tions on criticality
search and/or thermohy-
draulics coupling

not used

ITFLUX

IBTOT

not used

IPRINT

not used

IEXTR

ICER

aAS5.7

idem

idem

idem

iden

IEXTR = 0, Burlish-Scoer's
extrapolation {s not used

IEXTR = 1, Burlish-Stoer's
extrapolation is used

ICER = 0, no error control
for the amplitude functions
caleulation

ICER = 1, error control for
the amplitude functions
calculation
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85 not used ICMP ICMP = 0, nu automatical
micro time step control

ICMP # 0, automatical micro
time step control

86 not used not used

87 IPS nusber of the file con- not used
taining the output of the
preprocessing correspond-
ing to the initial confi-
gurationr of the reactor

88 IPSM number of the file con- IPSM idem
taining the output of the
preprocessing correspond-
ing to the final steady
state configuration of
the reactor

89 not used IPSD number of the file containing
the output of the preprucessing
corresponding to the configura-
tion of the reactor during the

transient
90 not used not used
91 not used not used
92 INFS number of the file where INF5 idem
a copy of the input data
cards is made
93 INF3 = IDP,IDS,IDD according INF3 idem
to the case
9% not used not used
95 not used N,NN number of micro time steps in
each macrc time step
36 not used KK micro time step number
97 not used not used
98 not used not used
99 not used not used

100 not used not used
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APPENDIX 6 : DYNAMIC ALLOCATION

The aim of the dynamic allocaticn is to store the major part of the
dimensioned variables in one common vector 1A, Each variable takes
exactly the necessary core memory during an execution and it may be
deleted when it is no more necessary; it means that the corresponding
space becomes available for cther variables. The several possihilities

are described hereafter.

The dynamic allocation program is constituted by the FUNCTION IDINIT
with several entries. It is written for double precision so that an
array of N components takes 8#N bytes in core memory.

Function IDINIT is called at the beginning of the execution for the

dynamic allocation initializations :

IDX = 0 (IDX = number of vectors located in A)

LAWA = 0 (LAWA = index of the last used word in A)

A(I) = 0.0, I =1,IL (IL = dimension of vector A)

W(I) = blank, I = 1,NIDX Initialization of 2 working vectors (W and
IW), containing respectively the variable
names and the corresponding first addres-

IW(I) = 0, I=1,NIDX ses of these variables in A.

(NIDX is the maximum permitted number of arrays in vector A; practically

NIDX = 200, but it can be put to a higher value).

The function assumes that IL (maximum number of 8-bytes words in the
common vector A), IDX and LAWA are logcated in the common block
COMMON/ADDR/IL,IDX,LAWA,

IL is defined in the MAIN of the code.
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The entries of IDINIT are

1)

2)

3)

4)

5)

IB = IDLOC (N,XNAM)

XNAM = ' _..... ' : vector name (6 characters)

N = vector length in 8-bytes words
IDLOC allocates N words in A for the vector named XNAM.
IB gives the address of the first component of vector XNAM in

vector A

IB = IDKILL (XNAM)

XNAM = *,..... ' : vector name (6 characters)

IDKILL deletes the vector named XNAM in vector A; a compressed

vector takes place.

IB = ID(XNAM)

XNAM = ', ..... ' : vector name (6 characters)

ID provides the address of the first component of vector named XNAM

in vector A.

IB = IDIDX (LL,J,K)

IDIDX gives in return iB IDX (number of vectors located in A)
LL =1
J = LAWA (index of the last used word in Aa)

K=1

IB = IDSHOR (M)

IDSHOR deletes the M last vectors in vector A



6)

7)

8)

9)

R6.3

CALL STAT

Prints out the status of vector A

CALL IBYTE

Prints out the maxi um core storage (in bytes) used in vector A

IB = IDWRIT (NSAVE)

The following variables are written on file NSAVE without format.

15% record : IL,IDX,LAWA,LENGTH,NIDX

2" yecord : (W(I),I=1,IDX), (IW(I),I=1,IDX)

3rd and next records : (A(I), I=1,LAWA)

IL = dimension of vector a

IDX = number of vectors located in A

LAWA = index (address) of the last used word in A
LENGTH = maximum number of words used in A

NIDX = maximum permitted number of vectors in a
W(I) = name (6 characters) of the Ith vector in A

, th ,
IW(I) = first address of the I vector in A

The third and the next records contain a maximum of 500 words, i.e.
vector A 1is stored in NREC records, where NREC is the smallest
integer > LAWA/500,

A REWIND operation has to be done before any calling to this entry.

IB = IDREAD (NSAVE)

Idem as for IDWRIT, but the writting operation has to be replaced by

the reading operation.
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Conclusions

The main advantages of the dynamic allocation technique can be summari-

zed as follows :

1)

2)

The dynamic allocation allows to use the variable dimensioning
without necessitating the definition of the variable dimensions in
the MAIN. Only the dimension of A has to be provided.

Since the dimension of vector A depends on the problem size (through
the number of spatial nodes for example), it becomes then very easy
to define this dimension without recompiling any routine of the
code.

Moreover the smallest the dimension of vector A, the smallest the

region size to execute the problem.

The dynamic allocation allows to compress periodically vector A in
the program and it avoids thus to keep in store unnecessary core
memory. It has to be noted that this compress can be normally
realized by means of EQUIVALENCE statements, but the dynamic alloca-

tion does it wich much more flexibility.
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APPENDIX 7 : SIMPLIFIED THERMOHYDRAULICS MODULE

This module is based on the concept of single fuel rod channel.

The main assumptions of the model are :

the coolant flow is forced (no natural convection) and established;
the coolant flow is cne-dimensional in the axial direction;

only one-phase flow is considered (no boiling);:

the viscous energy dissipation is neglected;

the axial heat conduction is neglected as well in the coolant as in
the rod;

the geometry is axisymmetric;

the thermophysical properties are constant; in particular the fluid is
incompressi-le;

the thermal inertia of the clad and the fuel-clad gap are neglected;
the radial temperature profile is represented by a quadratic function
in the fuel and by a linear function in the cladding;

the heat source is radially homogeneous in the fuel and equal to zero
in the clad and in the coolant;

the heat transfer mechanisms through the fuel-clad gap and at the
clad-coolant interface are represented by meant of heat transfer

coefficients.

The resulting equations are

oT kf 3 aT
of cf aT = div (kf grad Tf) + qf = -l-_-— -a—r- (r 31'_) + qf in the fuel
¢rod = ¢fe = ¢ci = ¢ce in the cladding
aTs aTs P 1
Ps s 3t " Ps %% V3z “5%0a"5s L in the coolant
=0 at r =0
o = hg (Tfe - Tci) in the fuel-clad gap

b = hs (Tce -T) at the clad=-coolant interface
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The initial conditions are : TS (z =0,t) = Ts {t) in the coolant,

9]
where T _(t) is a
s0

given function

T(z, t = 0) = solution of the steady state

problem everywhere

Cgec are the specific heats of the fuel
and coolant respectively
Df,ps are the densities of the fuel and
coolant respectively
! fuel
clad k_ is the thermal conductivity of the fuel
coolant f
9 is the heat source in the fuel (function
of 2)
Tfe v is the flow velocity
Fei S is the cross-sectional area of the fluid
in the channel
Tce - ’v
: T denotes the temperature and ¢ denotes the
I linear power
r |

Tf'Ts are the local temperatures in the

fuel and the coolant respectively

¢rod is the heat flux released by the rod

and ¢ro is the linear power of the

d
fuel rod

hq is the heat transfer coefiicient in the

fuel-clad gap
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hs is the transfer coefficient at the

clad-coolant interface
Subscript fe refers to the outer surface of the fuel.
Subscripts ci, ce refer tc the inner and outer surfaces of the cladding

respectively.

Integrating the fuel equation, we obtain :

. an _ e .
Pe = z 7 de
of Mr
fe
r
_ fofedeS
with Tf = —3— : mean fuel temperature
r
fe
$_=-2Tr__ k 32| : linea wer of the fuel rod
£ fe “f 3z'y, ~° T10EAL Powe “
fe
- ¢rod

The linearity of the temperature profile in the <ladding leads to

e
c .
Tei " Tee = o r, k. ?rod with e, ce ci

[}
o]
]
]

k
c

thermal conductivity of the
clad

With the assumption of quadratic shape function for the fuel, it can be

easily shown that :

- 1
Tf - Tfe 81l kf ¢rod
Moreover we have
T - T =1 ¢ ith r = L (r +r )
fe ci ~ 2n rg hg rod wi g 2 ‘fe ci
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1

ce s 20r h rod
ce s

Consequently we yield :

T -T =X¢

f s rod
with
e
C 1 1 1
Moy x teik. T b T r n
c c £ g g ce s
‘fo summarize, we have finally to solve :
p. c iff y—L 7 -1 = g (a7.1)
3 .
f °f 3t 1y N f s f
fe
T aT 1
— —_— - \
ps €s 3t Ds Cs v 9z SA (Tf Ts) (A7.2)
with
\ e 1, 1 L1
2 r k 8l k 2 r  h 21 r h
c ¢ f g g ce s
e = -
c ce ci
r = L (r +r
c 2 ci ce
1
rg =3 (rfe + r,
Ts(z=0,t) = Tso(t)

Equations (A7.1) and (A7.2) are integrated by means of a classical
implicit finite difference scheme.

In steady state, we obtain :

j+l j
= +
Ts sT p ¢ v S f

j=1,2,...
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=j+1 _ _j+1 2 j+1
Tf - Ts + 1 rfe A qf
with
T = (z.)
] [ j
=3 -
Tf = Tf (zj)
J =
q; = q; (zj)
Az = zj+l - zj
In transient :
vAt At j+1 At =j+1 j+1 vAt 3
+  — ————— - —— =
1+ 5 J707 (n+1) s s Tr *D) = T () 4 o= To(ndl)
s s s’ S
- At j+1 At ]+l =j+1 At j+1
1 + —=——]T2"  (n+l) - =5—— (n+1) = T7 " (n) + —=—q_ = (n+1)
2 2
Hrfeprcf b Hr Apf £ f pfcf 3
j =1,2,...
n=20,1,...
with
Ts(n) = Ts(tn)
Tf(n) H Tf(tn)
qf(n) H (t )
at = n+l tn
The values of T ., T and T = L (T . + T ) can be deduzed from the
ci ce c 2 ci ce

values of ff and Ts by means of the formulae hereabove.

These equations are solved in routine CALTEM, which provides in output

the axial profiles of T, T and T_.
f c s
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Routine CALTEM is called for each channel by routine SMPLTH, which

moreover performs :

- the radial integration of the power densities (routine INPOW) in each
'neutronic' assembly (see section 10) in order to determine the axial
profile of the average linear pnwer in this assembly

- the axial averaging of T fc, TS in each finite element in order co

f,
determine the temperature values required by neutronics.

Routine SMPLTH is called by THEERMO which is the main routine of the

thermohydraulics module.

Routine PLZ is called by CALTEM to determine the value of the linear

power at any level.

This thermohydraulics module uses 2 sequential and temporary files
NTHER1, NTHERZ2.
Each record of these files contains N2Z values, where N2Z is the number

of axial nodes used for the axial integration of the coolant equation.

The input data are directly defined in routine CALTEM.

RFE = outer radius of the fuel [m]
RCI = inner radius of the cladding [m
RCE = oater radius of the cladding [m]
PITCHR = pitch to diameter ratio (= pitch of the lattice/outer clad
diameter) (-]
NS = 3 for triangqular lattices
= 4 for square lattices
H = channel height {m]
ROF = fuel density [kg/m3]
ROS = coolant density [kg/m3]
CPF = gspecific heat of the fuel [3/°C kgl
CPS = specific heat of the coolant (J/°C kg1



aA7.7

XKF = thermal conductivity of the fuel {Ww/m °Cj
XKC = thermal conductivity of the cladding {Ww/m °c]
AG = heat transfer coefficient through the fuel-ciad gap [(w/m2 °c]

AS = heat transfer coefficient at the clad-coolant interface [W/m? °C]
WO = initial velocity of the coolant [m/s]

TINO initial temperature of the coolant at the entry of the channel

Lec]

. . -t/TLOF
time decrease constant fcr the coolant velocity (w = wo e / )

[s]

TLOF

NZZ = number of axial nodes in the coolant

NTT = number of time steps in the macrotimestep for the time integration
of the thermohydraulic equations.



